
AMC PAMPHLET AMCP 100-111

ENGINEERING DESIGN
HANDBOOK

EXPLOSIVES SERIES

PROPERTIES OF EXPLOSIVES

OF MILTTARY INTEREST
,REPRODUCED BY
NATIONAL TECHNICAL
INFORMATION SERVICEI

U.S. DEPARTMENT OF COMMERCE
SPRINGFIELD, VA. 22161

HEADQUARTERS, U.S. ARMY MATERIEL COMMAND JANUARY 18711

Downloaded from http://www.everyspec.com



HEADQUARTERS
UNITED STATES ARMY MATERIEL COMMAND

WASHINGTON, D. C. 20315
AMC PAMPHLET 29 January 1971
No. 706-177*

ENGINEERING DESIGN HANDBOOK
PROPERTIES OF EXPLOSIVES OF MILITARY INTEREST

Page
PREFACE .......................................................................... v

ABBREVIATIONS AND SYMOLS .................................................... vii

INTRODUCTION ...................................................................... I

Amatol. 80/20 ..................................................................... 12

Amatol, 60/40 ................................................................ 14

Amatol, 50/50 ..................................................................... 16

Ammonal.......................................................................19

Ammonium .Nitrate..... ............................................................. 21

Ammonium Perchlora te .... .......................................................... 26

Ammonium Picrate--Sea: Explosive D

Baratol ........................................................................... 29

Baronal......................................................................33
Black Powder ..... ................................................................. 36

1,2,4-Butanctriol Trinitrate (BTTN) Liquid ........................................ 40

Composition A-3 ............................... ................................... 43

Composition B .............................................. ...................... 46

Composition B, Desensitized ....................................................... 51

Composition C ..................................................................... 53

Composition C-2 ................................................................... 55

Composition C-3 ................................................................... 57

Composition C-4 .................................. ..................... .......... 59

Copper Chlorotatrazole ......................... ............. .................... 63

Cyanuric Triazide ................................................................. 66

Cyclonite (RDX) ........ ............................ ..... ....................... 69

Cyclotol, 75/25 ............ ...................................................... 76

Cyclotol, 70/30 ................................................................... 79

Cyclotol, 65/35 .............................. ................................... 81

Cyclotol, 60/40 ................................................................ 83

Cyclotrimethylene Trinitrosamine ............................................... 86

DBX (Depth Bomb Explosive) .................................................... 91

1.3-Diamino-2,4,6-Trinitrobenzens (DAmNB) ......................................... 9

Diazodinitrophenol ................................................................ 99

Diethylene Glycol Dinitrate (DEGN) Liquid ......................................... 103
Bis(2,2-Dinitropropyl) Fum rate (DNI'F) ............................................ 107

Bis(2,2-Dinitropropyl) Succinate (DNPS) ........................................... 110
2.2-Dinitropr:ipyl-4.4,4-Trinitrobutyrate (DNPTB) .................................. 113

*This pamphlet supersedes AMCP 706-177, 22 March 1967, including Change 1,
20 December 1967.

O*

I

Downloaded from http://www.everyspec.com



S.... .' i • • / -',. .. : :'

AMCP 706-177

TABLE OF CONTENTS (cont'd)

2,4-Dinitrotoluena (DNT) .......................................................... 116

Dipentaerythritol Hexanitrate (DPEHI) ............................................. 119

Dynamite, Low Velocity, Picatinny Arsenal (LVD) ................................... 122

Dynamite, Medium Velocity, Hercules (MVD) ........................................ 125

EC Blank Fire ..................................................................... 128

EDNA--See: Halsite

Ednatol. 55/45 ............................................ 130

Ethylene Glycol Di-Trinltrobutyrate (GTNB) ....................................... 133

Explosive D (Ammonium Picrate) ................................................... 136

Glycerol Monolactate Trinitrate (GLTN) Liquid .................................. .140

Glycol Dinitrate (GDN) Liquid .................................................... 143

H-6 .............................................................................. 146

Haleite (Ethylene Dinitramins) (EDNA) ............................................ 150

NBX-i ............................................................................ 156

HBX-3 ............................................................................ 159

iEx-24 ............................................................ ............... 164

HEX-48 ...................................................................... 166

2,4,6,2',4,6'-Hexanitro-oxanilide (HNO) .......................................... 170

betA-HMX ........................................................................... 173

HTA-3 ............................................................................. 178

Lead Aside ........................................................................ 182

Lead 2,4-Dinitroesoacinata (LDNR) ................................................ 187

Lead 4.6-Dinicroresocrinol Basic (LDNR Basic) ................................... 190

Lead Styphnste .................................................................... 193

Mannitoa HwLinitrata (Nitromannits) ............................................... 197

Mercury Fulminate .................................................................. 201

Metriol Trinitrate 'MTN) Liquid (oa Trimethylolothane Trinitrate) ................. 206

Minol-2 ............................................................................ 209

MOX-1 ................. .......................................................... 213

MOX-2B ............................................................................. 215

MOX-3B ............................................................................ 218

MOX-4B ........................................................... ................ 220

MOX-6B ............................................................................ 222

Nitrocellulose, 12.62 N (NC) ...................................................... 226

Nictocellulose, 13.45% N (NC) .................................................... 227

Nitrocallulose, 14.14% N (NC) ...................................... .. .......... 228

11 K

Downloaded from http://www.everyspec.com



AMCP 706-177

TABLE OF CONTENTS (cont'd)

/Lag2
Nitroglycerin (Liquid) ............................................................ 233

Nitra uani in ... .... e.... I .*... . . . . .. . . ...................es ~ ... ......-...... 239o~o

Nitroirobutyl~g2ycerol Trinitrat. (NIBTN) Liquid) ............................... 243

Nitromuthane--S$ea: PLX Liquid
j

Nitrostarch Demolition Explosive (NSX) ........................................ 246

Octol, 70/30 .............................................. ....................... 249

Octo1, 75/25 ...................................................................... 254

FB-RDX ..................................................... ...................... 259

Pentaerythritol Trinitrato (PETRIN) ................ ........................... 265

Pentaarythritol Trinitroacrylate (PETRIN Acrylate) ýTrinitroxypentserythritol
Acrylate) ................................. ................................. 269

Pentolite, 50/50; 10/90 ......................... .......................... ...... 272

PETN (Pentaerythritol Tatranitrate) .............................................. 276

Picramide (TNA) (2,4,6-Trinitroaniline) ......................................... 282

Picrazol, 52/48 ........................... ..... ................................. 285

Picric Acid..................................................................288

PIPE....................................... ..... ................................. 294

PIP .bato. .................................. ....................................... 296

PLX (Liquid) ................................ ............ ... ........... ........... 298

Potassium Dinitrobenzfuroxan (KDNBF ........................................... 302

PTX-1 ......... ................................................................. 306

PTX-2 .......................................................................... 309

PVA-4 ........................................................................... 312

PVN (Polyvinyl Nitrate) ............................. .......................... 315

RDX--Sea: Cyclonite; Compositions A-3; B; C-2; C-3; C-4

RIPE .............................................................................. 318

Silver Azide ...................................................................... 320

Tetracene ......................................................................... 324

Tetranitrocarba..ole (TNC) ........................................................ 327
2 4,2',4t-Tetranitro-oxanilide (TNO) ............................................. 331

Tetryl ................................. ............ .... ........................ 335

Tetrytol, 80/20 ..................................... .... ........................ A1

Tetrytol, 75/25 ..................................... .... ........................ 343

Tetrytol. 70/30 ..................................... .... ........................ 345

Tetrytol, 65/35 ............................................................. 347

TNT (Trinitrotoluene) ........................................................ 350

IMN

Downloaded from http://www.everyspec.com



AMC? 706-177

TABLE OF CONTENTS (cont'd)

Page

Torpex ......................................................................359

1,3.5-Triam4no-2,4.6-Trinitrobenzene (TATNB) ...................................... 364

Tciothylene Glycol Dinitrata (TEGN) Liquid ........................................ 367

Trimonite ......................................................................... 370

2,2,2-Trinitroothyl-4,4,4-Trinitrobutyrate (TNETB) ................................ 373

Trinitro Triazodibenzene .......................................................... 378

Tripentsarythritol Octan!trate (TPEON) ................................ ........... 381

Tritonal, 80/20 ................................................................... 386

Veltex No. 448 ................................................................. 391

iv

....... ....

Downloaded from http://www.everyspec.com



AMCP 706-177

PREFACE

The Engineering Design Handbook Series of the Army Materiel Command is a coordinated
series of handbooks containing basic information and fundamental data useful in the design
and development of Army materiel and systems. The handbooks are authoritativ? reference
books of practical information and quantitative facts helpful in the design and development
of Army materiel so that it will meet the tactical and technical needs of the Armed Forces.

AMCP 706-177, Propertiea of Exploeives of MiZitar • Tnterest, is one of a series on
Explosives. One hundred and ten explosive compounds or mixtures are listed herein, alpha-
betically, with their properties, including composition variations. These explosives were
selected because of their current or probable application to military use.

The tabulated data reflect the results of tests, and were first compiled for publica-
tion at Picatinny Arsenal, Dover, New Jersey, by W. R. Tomlinson, Jr. These data were
later revised by Oliver E. Sheffield, also of Picatinny Prsenal, for the Engineering Hand-
book Office of Duke University, prime contractor to the Army Materiel Commard.

The Handbooks are readily available to all elements of AMC, including personnel and
contractors having a need and/or requirement. The Army Materiel Command policy is to re-
lease these Engineering Design Handbooks to other DOD activities and their contractors
and to other Government agencies in accordance with current Army Regulation 70-31, dated
9 September 1966. Procedures for acquiring these Handbooks follow:

a. Activities within AMC and other DOD agencies order direct on an officialiform from:

Commanding Ufficer
Letterkenny Army Depot, ATTN: AMXLE-ATD
Chambersburg, Pennsylvania 17201

b. Contractors who have Department of Defense Lontracts should submit their
requests through their contracting officer with proper Justification to the address
listed in par. a.

c. Government agencies other than DOD having need for the Handbooks may submit
their requests directly to the address listed in par. a or to:

Commanding General
U. S. Army Materiel Command
ATTN: AMCAM-ABS
Washington, D. C. 20315

d. Industries not having Government contracts (this Includes colleges and
Universities) must forward their requests to:

Commanding General
U. S. Army Materiel Command
ATTN: AMCRD-TV
Washington, D. C. 20315

e. All foreign requests must be submitted through the Washington, D. C.
Emibassy to:

Assistant Chief of Staff for Intelligence
Foreign Liaison Office
Department of the Army
Washington, D. C. 20310

All requests, other than those originating within DOD, must be accompanied by a
uaZid jutificoation.

Comments and suggestions on this handbook are welcomed and should be addressed
to Army Research Office-Durham, Box CM. Djke Station, Durham, North Carolina 27706.

V
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ABBREVIATIONS AND SYMBOLS

approximately. This symbol in used before numbers.

AC Advisory Council on Scikitific Research and Dev cop-
ment, Great Britain.

ACS American Chemical Society.
AISI American Iron and Steel Institute.
Ann Liebig's Annalen der Chemie.
Ann chim phys Annales do chimie at do physique.
AP armor-piercing.
APG Aberdeen Proving Ground.
atm atmosphere; atmospheric pressura.
Beil Beilstein Organische Chemic, 4th Edition.
Her Berichts der Deutschen Chemischen Gesellechaft.
BIOS GP2-HEC British Intelligence Overseas Service or Objective

Subcommiztea, Group 2, Halstead Exploiting Center.
BM Bureau of Mines, tlnit:d States Deparcuent of Interior.
Bull Soc chim Bulletin de Ia societe chimique do France.
CA Chemical Abstracts.
callc calculated.
Chem Met Eng Chemical and Metallurgical Engineering.
Chic at mnd Chimis at Industri.e.
Comp rend Comptes rendus hebdomadair~e des seances do

l'Academis des Sciences (Paris).
cp centipoise.
CR Comptes rendus hebdomadaires des seances do

.11 l'Acoadeie des Sciences (Paris).
de decomposes.

41H difference in hoat (i.e.. heat evolved) by decomposition.
DRP Deutachas Reichopatent.

E modulus of elasticity or "Young's modulus"; longitudinal
stress/chango in length; (force/aras)/(elongation/
length); expressed in lb/inch2 .

E' sams as E, but expressed In dynes/cu2 .
Gazz chim ital Gazzetta Chimica Italian&.
GP general purpose.
HE high explo~sive.
HEAT high explosive antitank.
Ind Eng Cheis Induatrial 4 Engineering Chemistry.
J Am Chem Soc Journal of the American Chemical Society
J1 Chem Ind The Journal of the So~ciety of Chemical \nuty(London).
J Chew Soc Journal of the Chemical Society (Londoa
J Frn Inst Journal of the Franklin Institute.
J Ind Explo-
sives buz Journal of thme industrial Fxplosivis Society (Japan).

J prakt Chriw Journal fUr prektische Chemie.
LA lead azide
Land-Bornst Landolt-Bornotein Physikalish-Chemische Tabellen,

5th Edition (Berlin).
M molar.
N, Monstshefte fur Chemie (Wain).
Maik poudi: Hmuorisl des poudres et salpltres (Paris).
mg milligram.

Vii
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ABBREVIATIONS AND SYMBOLS (cont'd)

mn minintm.
ml milliliter.
Is/S meters per second.
NW molecular weight.
NAVORD Bureau of Ordnance (U. S. Navy)
NC nitrocellulose.

D
D20 index of refraction, with D band of sodium as light

source, at twenty degrees cantigrade.
NDRC National Defense Research rommittee.
NFOC National Fireworks Ordnance Corporation.
NC nitroglycerin.
NOL U. S. Naval Ordnance Laboratory. White Oak. Silver

Spring, Maryland.
NOTS U. S. Naval Ordnance Test Station, China Lake, Calif.
NRC National Research Council.
OB oxygen balance.
0CM Ordnance Committee Minutes,
OSRD Office of Scientific Research and Development
PA Picatinny Arsenal.
PATR Picatinny Arsenal Technical Report.
Phil Trans Philosophical Transactions of the Royal Society of

London.
Pogg Ann Poggendorf's Annalen der Physik.
Proc Roy Soc Proceedings of the Royal Society of London.
Rec tray chim Recuoil des travsux chimiques des Pays-Bas.
RH relative humidity.
RI Report of Investigation.
SAE Society of Automotive Engineers.
SAP semi-armor-piercing.
Sol solution.
Spec Specifications.
std dev standard deviation.
TM Technical Manual, Department of the Army.
TM/TO joint publication, as a TM and as a Department of the

Air Force Technical Order.
Trans Varad Soc Transactions of the Faraday Society
vacStab vacuum stability.
Z angew Chem Zeitschrift fUr angevandte Chamie.
Z anorg Chem Zeitachrift fUr enorganische und allgemeine Chemie.
Z gas Schisms- Zeitschrift fur dae gesamte Schiess und Sprengstoff-

Sprengstoffw wessen (Munchen).
Z/Sec atoms of oxygen per second.

viii
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PROPERTIES OF EXPLOSIVES OF MILITARY INTEREST

I NTRODUCT ION

I. PREDOC• MANIY A REPORT OF SNW TEM8. No effort ws made to cover all the existing
litersture, either open or classified security information, on any explosive. Rather, the
main resource has been reports from facilities using standard or well-known teat procedures.

2. ORIGIN. Compilation of data resulting in this handbook wa undertaken by Picatinny Arsenal
personnel who desired to provide a manual tabulating the characteristics of explosives, based
on tests, with regard to current, and possible future, interest. The first resulting Picatinny
Arsenal publication was dated 20 June 1949. Revision 1, PA Technical Report No. 1740, deted
April 1958, with revisions, provides the data used herein.

SOPE, Tabulated data of tests on one nundred and ten explosive compounds or mixtures
i sensitivity to friction, impact, heat; performance characteristics or effectiveness
in weapons; physical and chemical. properties; and method of preparation, synthesis or manufac-
ture, with commenta on historical origin, and aupplementary references.

4. RIEBENCE NOTATIONS AND ZWRCES. The references, as to sources of data or for more details
in ;ethods of testing, have been lieted, when available, at the end of each section devoted to
a given explosive compound, explosive mixture, or tzplosive ingredient. Where no reference is
given, it can be assumed that these data represent typical values obtained by standard proce-
dures. When available any reference should be consulted for more details in interpreting test
data.

Also there are listed Picatinny Arsenal Technical Reports which contain additional informa-
tion on the particular explosive. These report numbers are given in ascending order, in columns
corresponding to their terminal digits, and in accordance with the "Uniterm Index" prepared for
Pi catinny Arsenal by Documentation Incorporated under Contract kI-36-034-501-ORD-(P)-42 (1955).
5. EXPIANATION OF TERMS AND METHODS OF TESTMhG. rate are tabulated herein on three form-type

pages, in the following sequence of headings. Many of these terms are self-explanatory.

a. First tabular page.

(1) Nam of the explosive in each instance.

(2) "Composition."

(3) "Impact Sensitivity, 2 Xg Wt."

(a) Impact sensitivity test for solids. (a)*

A sample (approximately 0.02 gram) of explosive is subjected to the action of a fall.ng
weight, usually 2 kilograms. A 20-milligram sample of explosive is always used in the Uureau
of Mines (B14) apparatus when testing solid explosives. The weight of aample used in the Pica-
tinny Arsenal (PA) apparatus is indicated in each case. The impact test value in the minimum

*Refe*-nce publications (a through q), applying to this introduction, are listed at the ind of
the introduntion.

i1
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hedght at which at least one of 10 trials results in eploin. For tne EM apparatus, the unit
of height is the centimeter; for the PA apparatus, it is the inch. In the former, the explo-
sive is held between two flat, parallel hardened (C 63 ;t 2) vLeel 4urf cca; in the latter case,
I t is placed in the depression of a smal %teel die-cup, capped by a thin brass cover, in the
center of which is placed a slotted-vented-c.,lindrical steel plug, slotted side down. In the
BM apparatus, the impact impulse Is tronamitted to the sample by the upper flat surface, in the
PA, by the vented plug. The main differences between the two tests are that the PA test (1)
involves greater confinement, (2) distributes the translational Impulse over a smaller art's
due to the inclined sides of the die-cup cavity), and (3) involves a frictional component
ag•inat the inclinqd sides).

The teat value obtained with the PA apparatus depends, to - marked degree, on the sample
density. This value indicates the hazard to be expected on subjecting the particular sample
to an impact blow, but is of value in assessIng a material's inherent sensitivity only if the
apparent density (charge weight) is recorded alor4 with the impact test value. Ile values tabu-
lated herein were obtained on material screened between 50 and 100 mesh, U. S. Standard Screens
where single component explosives are involved, a-,A thro',sh 50 mesh for the mixtures.

(b) Impact sensitivity test for liquids. (b)

The PA Impact Test for liquidi is run in the same way as for solids. The die-cup is filled
and the top of the liquld meniscus adiusted to coincide with the plane of the top rim of ýhe
die-cup. To date, this visual observation has been found adequate to assure 'hat the liquid
does not wet the die-cup rim aftar tne tress cap has been set in place. Thus far the repro-
ducibility of data obtained in this way indicate that variations in sample size obtained are
not significant.

In the case of the BM apparatus, the procedure that was described for solids is used with

the following variations:

1. The weight of explosive tested is 0.007-gm. (
2. A disc of desiccated filter paper (Whatman No. 1) 9.5-millimeter diameter, is laid on

eacr"drop, on the anvil, and then the plunger Is lowered on the sample absorbed in the filter
paper.

(4) "Friction Pendulum Test." (c)

A 7.0-gm sample of explosive, 50-100 mesh, is exposed to the action of a steel, or fiber,
shoe swinging as a pendulum at the end of i long .teel rod. The behavior of the sample is
described qualitatively to indicate its reaction to this experience, i.e., the most enejgetic
reaction is explosion, and in decreasing order of severity of re,'tIon: snaps, cracks, and
unaffected.

(5) "R.fle Bullet Impact Test." (d)

Approximately 0.5-pound of explosive is loaded in the same manner as it is loaded for actual
usi: that is, cast, pressed, or liquid in a 3-inch pipe nipple (2-inch Inside diameter, 1/16-
inch wall) closed on each end by a cap. The loaded Item, in the standard test, contains a small
air space ?IAich can, if desired, be filled by inserting a wax plug. The loaded item is sub-
jected to the impact of a caliber .30 bullet fired perpendicularly to the long axis of the pipe
nipple, from a distance of 90 feet.

2
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(6) "Explosion Temperature." (a)

A 0.02-gm sample (0.01-gm in the case of initiators) of explosive, loose loaded in a No. 8
blasting cap, is ium'ersed for a rhort period in a Wood's metal bath. The temperature determined
is that which produces explosion, ignition or decomposition of the sample in 5 seconds, and the
behavior of the sample is indicated by "Explodes" or "Ignite-" or "Decomposes" placed beside the
value. Where values were available for times other than 5 seconds, these have been included.
For 0.1-second values, no cap wan used, but the explosive was placed dirL.tly on Wood's metal.ath, imiedlately avus" cleaning. The value 0.1 second is estimwted, not determined, and repre-
sents an interval regarded as instantaneous to the observer's eye. Dashes indicate no action.

(7) "75 0 C International Heat Test." (a)
A 10-gm sample is heated for 48 hours at 750 C. The sample after this exposure is observed

for signs of decomposition or volatility.

(8) "1000 C Heat Test." (a)

A O.6 -gm sample is heated for two 4 9-hour periods at 1000C. It is also noted whether expo-
sure at lOOOC for 100 hours results in explosion.

(9) "Flammability Index." (h)

The measure of the likelihood that a bare charge wU1]. catch fire when exposed to flames is
the index of flammability. The test is made by bringing an oxyhyLrogen flame to bear on the
explosive. The maximum time of exposure which gives no ignition in 10 trials and the minimum
exposure which gives ignition in each of 10 trials are determined. The index of flammability
is 100 divided by the mean of the two times in seconds. The most flammable substances have high
indices, e.g., 250.

(10) "Hygroscopicity."

A 5- to 10-gm sample ii exposed for hygroscopicity under the stated conditions, until equili-
brium is attained, or in cases where either +he rate is extremely low, or very large amounts of
wat'r are picked up, for the stated time. The •ample, if solid, is prepared by sieving through
a 50 and on a 100 mash screen.

(11) "Volatility."

A 10-gm sample is exposed for volatility under the stated conditions. The sample if solid

is prepared by sieving through a 50 and on a 100 mesh sieve.

(12) "Molecular Weight."

The molecular weight (MW) of a mixture can be calculated from the equation

MW of mixture 100
•+ b + _._+n

mw1 1ow2 `•w3 mw,

where a, b, c and n are the weight perce-,ts of the components, and mWl, mY2, mw3 and mwn their
corresponding molecular weights.

3
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(13) "Oxygen Balance."

The oxygei balance (OB) is calculatel from the empirical formula of a compound in percentage
of oxygen required for complete conversion of carbon to carbon dioxide (or carbon wonoxide) end
hydrogen to water. When metal is present the reactions are assumed to occur in the following
order:

Metal + 0 0 Metal Oxide

c +H2 O -- CO+H 2

-+H2C 0+ H2 0

200 +02 - 20o2

Procedure for calculating oxygen balance in to determine the number of gramatoma of oxygen wihich
are excess or deficient for 100 grams of a compound. This number rultiplied by the atomic weight
of oxygen gives

the oxygen balance: 1600 (2X + *- Z)

m+ lecular weight of compound - oxygen balance to 002 and H2 01 where X - atows of carbon,
Y a atoms of hydrogen, Z - atoms of oxygen. The oxygen balance of a mixture is equal to the
sum of the percent composition times the oxyCen balance for each component.

The carbon/hydrogen (C/H) ratio is calculated as follows:

Number of C atoms ý8 + %H) C/H ratio
Number of H atoms 100)

(14) "Density."

(15) "Melting Point."

(16) ""reezing Point."

(17) "Boiling Point."

(18) "Refractive Index."

(19) "Vacuum Stability Test." Ca)

A 5.0-gm Sample (1.0 gm for initiators), after having been carefully dried, is heated for
40 hours, in vacuo at the desired temperature.

(20) "200 Gram Bomb Sand Test'"

(a) Send test for solids. (a)

A 0.4-gm sample of explosive, pressed at 3000 pounds per square inch into a No. 6 cap, it
initiated by lead azide, or mercury fulminate (or, if necessary, by lead aside and tetryl), in
a sand test bomb containing 200 gm of "on 30 mesh" Ottava sand. The amount of azide, or of
te;ryl, that must be used, to insure that the sample crushes the majdmum net weight of sand,
is designaýsd as its sensitivity to initintioi. and the net weight of sand crushed, finer than

4
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30 mesh, is t med the sand test value. The net weight of sand crushed is obtained by sub-
tracting fron the total the amount cru .,ied by the initLator when shot alone.

(b) Send test for liquids. (b)

The sand test for liquids is made in accordance with the procedure given for solids except
that the following procedure for loading the test samples is substituted:

Cut the closed end from a No. 6 blasting cap and load one end of the resulting cylinder
with 0.20 gm of lead azide and 0.25 gm of tetryl, using a pressure of 3000 psi for consuli-
dating each charge. With a pin, prick the powder train in one end of a piece of miner's black
powder fuse 8 or 9 inches long. Crimp to the pricked end a loaded cylinder, taking care that

* the end of the fuse is held firmly against the charge in the cap. Crimp near the mouth of the
cap so as to avoid squeezing the charge. Transfer a weighed portion of 0.400 gm of the test
explosive to an aluminum cap, taking precautions when the explosive is liquid to insert t1he
sample in such a manner that as little as possible adheres to the side walls of the cap, and
when a solid material is beirg tested use material fine enough to pass through a No. 100 U. $.
Standard Sieve. The caps used shall be of the following dimensions: length 2.00 inches, in-
ternal diameter 0.248-inch, wall thickness 0.025-inch. Press solid explosives, after insertion
into the aluminum cap, by means of hand pressure to an apparent density of approximately 1.2 gm
per cubic centimeter. This was done by exerting hand pressure on a wooden plunger until the
plunger had entered the cap to a depth of 3.93 centimeters. Following are the dimensions of
the interior of the cap: height 5.00 =, area of cross section 0.312 square centimeters. In-
sert the cylinder containing the fuse and explosive charge of tatryl and lead azide into the
aluminum cap containing the test explosive for the determinatl on of sand crushed.

(21) "Sensitivity to Initiation."

This is sensitivity to initiation as described under the preceding heading. The minimum
detoncting "chare, in grams, required to detonate the explosive sample, is given.

(22) "Ballistic Mortar, % •T." (a)

The amount of sample under test which is necessary to raise the heavy ballistic mortar to
the same height to which it is raised by 10 gm of trinitrotoluene (TNT) is detenxined. The
sample is then rated, on a proportionate basis, as having a certain TNT value, i.e., as being
a certain percent as effective as TNT in this respect. The formula is

111T value - 10 x100.

- ig•ht- x 100.
The ballistic mortar consists of a long compound supporting rod, at the end of which is sup-
ported a heavy short-nosed mortar. The mortar contains a chamber about 6 inches in diameter
and I foot long. A projectile occupies about 7 inches of the chamber and the sample to be
tested occupies a small portion of the remainder of the chamber. When the sample is detonated,
the projectill is driven into a sand bank, and the mortar swings through an angle which is
marked on paper by a pencil attached to the mortar. The angle thus indicates the height to
which the pendulum is raised by the explosion, and this latter represents the energy measured
by this test procedure.

(23) "Trauzl Test, % TNT." (d)

A sample of the explosive to be tested (of the order of 10 gm) is exploded in a cavity, or
borehole, 25-m= in diameter and 125-m- deep, in a lead block 200-ms in diameter and 200-mm in
height. The borehole is made centrally in the upper face of each block, which ia cast in a mold
from desilverized lead of the best quality. Although these tests have been made under a variety

S!5
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of conditions, where possible the data have been taken from or related to those of Reference f
(Naoum). Here a No. 8 blasting cap was used for initiation of the sample contained in glass.
The weight of sample used was adjusted to give, with the initiator, a total expansion of 250 to
300 cc, since vithin this ramge expansion and sample weight were linearly related under the con-
ditions of Naoum's test. Thus expansions for equivalent weights were readily calculated, and
the test value expressed in percent of the expansion of an equivalent weight of TNT.

(24) "Plate Dent Test." (d)

Two methods were used for plate dent tests.

(a) Method A - The charge is contained in a copper tube, having an intetzal diameter
of 3/4-inch and 1/16-inch wall. This loaded tube is placed vertically ow a square piece of
cold-r•lled steel plate, 5/8-inch thick; 4-inch and 3-1/4-inch square plate gave the same re-
sults. The steel plate is in a horizontal position and -iots in turn on a short length of
heavy steel tubing 1-1/2 inches ID and 3 inches OD. The charge rests on the center of the
plate, and the centers of the charge, plate, and supporting tube are in the same line, A 20-gm
charge of the explosive under test is boostered by a 5-gm pellet of tetryl, in i•urn initiated
by a No. 8 detonator.

(b) Method B - A 1-5/8-inch disaeter, 5-inch long uncased charge is fired on a
1-3/4-inch thick, 5-square inch cold-rolled steel plate, with onfg or more similar plates as
backing. The charga is initiated with a No. 8 detonator and two 1-5/8-inch diameter, 30-gm
tetryl boosters.

Plate dent test value, or relative brisance - Sanple Dent De 100.

ent Dpt for T at . 61 15g7-cc

(25) "Detcoation PAUe." (g)

The detonation rates reported in the tables contained herein were determined principallv by
uning the rotating drum camera, under the conditions stated, e.g., usually charges 1 inch in
diameter, 20 inches long, wrapped in cellulose acetate sheet, and initieted by a system designed
to produce high order stable detonation at the moodmum rate under the particular conditions. A
typical initiativg system for thls consisted of four tetryl pellets 0.995 inch in diameter, 0.75
inch long, pressed to 1.50 gm/cc, with a Corps of Engineers sp('LiAl blasting cap placed in a
central hole In the end pellet.

b. Second tabular peae.

(1) "Bmiter Sensitivity Tect." (p)

The booster sensitivity test proceduredis a scaled up modification of the Bruceton method
(unconfined charge). The source of the shock consists of two tetryl pellets, each 1.57 lnchesi
diameter by 1.60 inches high, of apnroximately 100 gm total weight. The initial shock is de-
graded through wax spacers of cas6 Acrarax B, 1-5/8 inches diameter. The test charges are 1-5/8
inches diameter by 5 inches long. The value given is the thickness of wax in inches at the 50%
detonation point. The weight of tetryl pellet noted is the minimum which will produce detona-
tion with the spacer indicated.

(2) "Heat of" (calorimetric teats). (I)

Heats of combustion and explosion e generally determined on samples weighing of %he order
of 1 to 2 gmn, In standard calorimeter bombs such as the Parr or Emerson, approimately 400 cc
(tor low lcading density), or the Boas, approximately 45 cc (for high loading density). For

-
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heats of coubustion the sample is burned under about 40 atmospheres or oxygen; for heats of
explosion, nitrogen, or one atmosphere of air ls used.

S(3) "Specific Hea~t-"

S(4,) "Burn•ing *.t."

(5) "Thermal Conductivity."

(6) "Coefficient of Exp•nion."

(T) "Har-dness, Meos Scale."

(8) "Yourna' Noulus."

(9) "Compressive Strength."

(10) "Vapor Pressure."

(11) "Dcompositioln Euation."

(12) "Armor Plate Imact Test." (j)

(&) 60-ma Xorrar Projecti1.

A modified 6 0-m, 949&2, mortar projoctile is loaded vi-;b the explosive tr, be tested, drilled
to the proper depth (about 1/2 inch), and a flat-based st'jel plug screied into the projectile to
give a smooth close-fit between the plug base and the '!srge. The part of the plug outside the
projectile is rounded off in the form of a spherll3, naction. The loaded projectile vith fins
attached is fired from a five foot length of 2-3/8 inches nD x 3-3/8 Inches OD Shelby steel tub-
ing. The igniter and propelling charge, Losisting of an igniter for a 2.36-inch rocket (bazon-
ha), 5 ga of 4F black pu-uer, end a quantity of shotgun propellant cufficient to give the desired
velocity (reed from a calibration chart) are conveniently loaded into the "gun" through a simple
breech plus. The velocities are measured electronically, and the reaction, inert or affected,
Is determined by observation (e.g., thether or not flash occurs on impact). Within the range of
flight stability of the projectile, 200-1100 ft/sac, the 50% point Is located.

(b) 500-lb General Purpose Bombs.

(13) "Bomb Dop I it."

Bomb drops are made using bombs assembled in the conventional manner, as for service upage*,
but containing either inert or simulated fiAzes. The target Is usually reinforced concrete.

c. Third tabular page.

(i) "Fragmentation Test." (1)

The weight of each empty projectile and weight of water displaced by the explosive charge Is
determined, and from this the specific gravi'ty of the charge is calculated. All 3-inch and
90-m. projectiles are initiated by M0 Booster pellets, and those used vith 3-inch HE, M42A1,
Lot KC-5 and 90-n. HE, MT1, Lot WC-91 projectiles are controlled in weight and height as follows:
22.50 1 0.10 gm, and 0.480 to 0.-85 inch.

/
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The projectile assembled with fuze, actuated by a Bleating Cap, Special, ')ipe II (Spec 19-

20) placed directly on a lead of comparable d.ameter, and booster, are placed in boxes con-
structed of half-inch pine. The 90-am projeotiles are fragmented in boxes 21 x 10-1/2 x 10-1/2
inches and the 3-inch projectiles in boxes 15 x 9 x 9 inches outside dimensions. The box with
projectile is placed on about 4 feet of sand in a steel fragmentation tub, the detonator wires
are connected, and the box covered with approximately 4 feet more of sand. The projectile is
fired lind the sand run onto a grating 

4
-mesh screen on which the fralmAnts are rsc;-ver*d.

"()"Fragment Velocity."

Charges 10-1/8 inches long and 2 inches in diameter, containing a booster cavity, filled by
a 72-gm tetryl pellet (1-3/8 inches diameter, 2 inches long, average- density 1L594) are fired
in a model projectile of Shelby seamless tubing, 2 Inches ID, 3 inches OD, SAX 1020 steel, with
a welded-on cold rolled steel base. The projectile is so fired in a chamber, connected to a
corridor containing velocity stationa, that a desired wedge of projectile casing fragmerts can
be observed. The fragment velocities are determined by shndov photographs, using flash bulbs,
and rotating drum cameras, each behind three slits. The drum cameras have a writing speed of
30 meters per second.

(3) "Blast (Relative to TNT)."

The blast pressures and impulses given were determined almost exclusively with tourmaline
gages, and the usual necessary specialized electrical c

1
rc, '&a, shielded co-axial cables,

oscillographs, etc. In general, the data repreeant results of tests with large cased charges.

(4) "Shaped Charge Effectiveness, TNT - 100." (k, m)

Unconfined charges 2 inches in dIameter and 6 inches long, boostertA by a 10-gm pressed
tetryl pellet, ret in a 20-mm pellet (truncated cone) of cast 60/40 cyclotol, are shot a~gainst
3-inch homogeneous armor plate at a 1-3/16 inches standoff. 1he c, a used are commercial Pyrex
glass rinnels, sealed off at the start of the stem, 2 inches in di...mter, 0.110 to 0.125 Inch
wall thickness.

Unconfined charges 1.63 inches in diameter and 6 inches long are tested at a standoff of
1.63 inches egainst stacks of 4 x 4 x 1 inch mild steel plates. M9gU. steel cones art used.
Results are averages of 4 trials.

(5) "Color."

(6) "Principal Uses."

(T) "Method of Loading."

(8) "Lo•dJng Density."

(9) "Storage."

Ammunition and bulk explosives in storage represent varying degrees of hazard and compati-
bility. This has led to their being divided into a number of hazard'classes and compatibility
groups as indicated in subparagraphs (b) and (c) below.

(a) Method: Wec or dry.

(b) '.azard Class (Quantity.-Distance).

A-
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Ammunition and bulk explosives are divided into quantity-distance classen, Cla.s 1 through
12, according to the damage expected if they explode or ignite (Reference: Army Mateiiel Command
Regulation, AMCR 385-100, MC Safety' nuel, chapter 17). All standard explosive3 in bulk are
included In four of these laes ass, 2A, 9, and 12 (24 9-1910/m IlA-I-34).

(c) Comatibility Group.

Explosives and samunition are grouped for compatibility with res- kt to the following factors:

1. Effects of explosion of the item.

2. Rate of deterioration.

3. Sensitivity to initiation.

4o. 1ýe of packi n.
5. Effects of fire involving the item.

6. Quantity of explosive per unit.

(d) ýbwdatton.

d. Miscellaneous entries.

Where available and appropriate, the following or related data are given, in space at
the bottom of the third form, or on plain pages.

(1) Solubility.

(2) Methods of =anu0cture.

(3) Historicel information.

(4) Bulk compressibility modulus. (q)

The direct experimental measurement of the dynamic bulk modulus of a solid is difficult, and
few such measurements have been made. One apparatus has been developed aj the Naval Ordnance
Laboratory and is described in detail in Reference q. Bulk modulus (its reciprocal is the com-
pressibility) in defined as the ratiG of stress to strain vhen the stress is a pressure applied
equally on all surfaces of the sample and the staain is the resulting change in volume per unit
volume.

()Hydr-olysis tests. (o)

The 20O-hour hydrolysis test is conducted as follows: A 5-gm sample of the dry nitrocellu-
lose is weighed accurately in a ta.rt-weighed 250-cc Pyrex flask having a ground glass connection
for a Pyrex condenser. Then 100 cc of distilled water is added to the nitrocellulose in the
flask and the flask fitted to the condenser. The flask is placed in a steam bath in which the
water is kept boiling constantly by moans of electric hotplatee. At the end of 2140 hours the
amount of solid developed by the hydrolysis of the nitrocellulose is measured by an electromatic
pH method.

(6) Sensitivitj to initiation by electrostatic discharge. (n)

9
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The samples are tested under two amounts of confinement, designated as unconfined and con-
fined. In the unconfined test, a sample of approximately 0.03 gm is dumped into a shallow de-
pression i1 a steel blook and flattened out with a spatula. In the confined tests (partly
confined), the samnile of approximately 0.05 gm is introduced into soft-glass tube (- 7 mm ID x
18 mm long) which ,?its over a metal peg. The volume of the space around the charge at zero gap
is - 0.15 '- i. a gap of 0.6 mm, it is,.' 0.4 cc. In addition to providing moderate confine-
ment, this system also minimizes dispersion of the sample by the test spark, and reduces the
effect of material being repelled from the needle point by electrostatic field effect.

When a test is to be made, the needle point electrode io screwed up until the gap between
electrodes ts greater than the critical gap discharge at the test voltage. The Sample is then
placed in position, the high-voltage terminal of the charged condensor is switched to the point
electrode by means of a inrcu= switch: and the electrode is screwed down until discharge occurs.

The spark energy (in joules), for zero probability of ignition, is determined.

(7) Destruction by chemical decomposition.

Burning is the preferred mothod of destroying explosives. Initiating type explosiv,'i (in
quantity) are usually destroyed by detonation with demolition blocks. Deatruction of -xplo-
sives by chemical decowposit~on can be effectively used where small laboratory quantit Lee are
iniolve4. Procedures givern are standard for only lead azide, mercury rliminate and ni "Wogly-
cerln.

(8) Other information.

(9) References.

6, MfR7MCB0. CITED IN nfl'HOXWCG-ON.

a. W. 21. )inkenbach and A. J. VCleer, Standard Laborato Procedurxie for Snio ivity,
}irisanca, and Sabilit, c K&p).osivea, ?ATRFo_ 1,1 a~i 1950.

b. W. R. 5mlinson, Jr. and A. J. Mear, Development of Standalr Tato --. A iri ation of
the I•.act &nd Sand Tento to the Study of Nitroglycerin and Other LiqU1..it.! , • 37'7N•-r o.

c. J. H. McIvor, 1iction Pendulum, PA Testing Mfn-al 7-1, 8 :ýAy 1950.

d. Drpa-twents of the Ariw and the Air Force Joint Technical Munual and T'erhni'c+l Ordor,
T4 9-1910/TO lIA-l-34, Military, biplosives, April 1955.

e. J. H. McIvor, Ballistic Mortar Teaýt, PA Testing Manual 7-2, 8 May 1950.
f. P1h. Naoum, L &ej Schiess-Sprengetoffw pp. 181, .229, 2b7 (27 June 1932).

g. 0. J. Mueller, Equipment for the Study of the Detonat'lon Process, PATR No. 1465,
4 July 1945.

h. 1VPRC Interim Repoirt, Preparation and Testing of Ex-plosveds, Noe. PT-19 and PT-20,
February-April 1944.

i. Linne E. Newman, PA Chemical Laboratory Report Noe. 2T7815 and 1344%6, 11 January 1951.

J. Report AC-2983/Org Lxpl 179.

lFor information regarding source of references, inquiries should be made to Lhe Commasander,
U.S. Army Research Office--Durham, ATTN: CRDARDZEH, Box CM, Duke Station, Durkam, North Carolina
27706.

10

Downloaded from http://www.everyspec.com



AXCP 706-177

k. EasLern Laboratory, du Pont, l tveatigation of Cavity Effect, Section IlI. Variation of
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Sensitivity Tets, Performance Tests, OSRD ReportNo- 5'4, 27 lecee 1945.
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Amwtol, 80/20

Composition: A"•eule, Welo 92

Ammonium NitrateOy 80 C otem +s

S20 CO % +11

Deoosky: elm /cc Cast 1.146

C/H Ratio Freezing Pdle: 'C

Impect Seosh ,ty, 2 Ks Wt: Wlelos Pawl: 1C
SUmau of Mines Apparatus, cm 90

Sample Wt 20 mg Reflactive le,. n,
Picatinny Arsenal Apparatus, in. 15

Sample Wt, mg 17 n%
nn

Friction Pendulum Teo: Vcuum StabiJlty Toeo:

Steel Shoe- Unaffected cc/40 Hrs, at
Fiber Shoe Unaffected 90*C

lOO'C 0.145

Rifle gullet Impect Test: 5 Trials 1200C 0.95

% 1.35"C

Explosions 0

Partials 0 150"C 6.8

Burned 0 200 Gerows Bmb Sand Teat:
Unaffected 100 Sand, gm 35.5

lipksisj Tomperehlr. "C Sensitivit to Initiew".•

Seconds, 0. 1 (no cop used) Minimum Detonating Charge, gm
1 Mercury Fulminate
5 Dlecomposes 280 Load Az We 0.20

10 Tetryl O.c0.
15
20 Sell8stlc Me•te,, % TNT: (a) 130

- - Treeud Test, % TNT: (b) 123
mm75'C I.tmen, loI Heet Test:

% Loýs I 48 Hrs 0.06 ipee Det Teet: /
"Method

100C Ho' t Test: Condition /

"% Loss, 1st 48 Hrs 0.03 Confined

"9 Lots, 2nd 48 Hrs 0.0O Density, gm/cc

Explosion in 100 Hrs None Brisonce, % TNT

SDeteonutin Ret.:
; Flemmeblllty Index: Confinement -"'.:. ,one

Condition rs. , eat""HygreK4Cici4tY: 2 Charge Diameter, in. 1.0 "i,
. q 0 . 9Ol tH. 2 lity 61N, Density, gm/cc 1.46 ,, I

Rote, meters/second ,4500 51"

12
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Am.tol, 80/20 AMCP 706-177

Fr~gwuteiI.. Toes: Shoqil C5,)s Eifecolvem, THY loot0

to mo M41, M71 Proejctle, Let WC-91: Gloss Cones Steel Car,"
Density, gm/cc Hole Volumie
Cha.rge Wt, lb Hole Depth

For TNT
For Subject HE

Paramdpe Us..: Bombs, HE projectiles
3 lnch HE. M41AI Pue*Wjetl Lel K"-:

Density, gm/cC
Charge Wt, lb

Itell No. of Fregeawft MotbWd *1 Looga" cast,
For TNT
.-or Sublfct HE __________________

_______________________________ Leedleg Os~iseYe gM/Cc 1.46

Fiegmeel Veleaft: ft/iec Mf
At 9ft 1900
At 25%4 it 1750 Sie.
Den~lty, Om/ce

MethodDr

Iloat (Wemift to TNWh Hozead Class (Quantity-Oistonce) Clas 9

Ak: Compatibility Group Group I
Peak Pressure
Impulse Laidation Does not exude at 650C

Energy _ _ _ _ _ _ _ _ _ _

Ali, Ceenfled Booster Sensitivity Test-, (a)

IpleCon~ition Pressed
Tttryl, gm 100

Usds'WohniWax, in. for 50$ Detonation 0.83
Peak Pre*ssur Density, ga/cc 1.65
Impulse
Energy Heat of: (d, .)

Uadipeed:Combustionl, cal/gm 1002w
,,~tr J 3Uplosion, Coll/u 490*

G&4 Voiw., cc/gom3D
Impulse
Energy

*011culated from compositlon of mixture.

13
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AMCP 706-177 Amto1, 60/40

Compeositio: Moleculer Weight. 108

Oayge* ISelene:

Ammonium Nitrate 60 CO. % -18
TN0CO % 4.2

Density: gm/cc Cast 1.60

C/H Ratio .Meling PInt: 'C

C/H atioPreesiagl Plest: 'C

aImp•ot Sensitivity, 2 Ku Wt: "Iwol Pont: 'C
Bureau of Mines Apparatus, cm 95

Sample Wt 20 mg Rehfftive Index, n•
Picatinny Arsriol Apparatus, In, 16

Sample Wt, mg 17n

Puictde Pendulum Tot: vocalw Stability Te":

Steel Shooe cc/40 Hrs, at
Fibtr Shoe 90*C

100"C

Rifle Bull"1 0mp00 Tea: Trials 1001C

% ~135'c
Explosioar1
Partials 1501C

Burned 200 Geaem Imb SenJ Test:

Unaffected Sncl, gm 41.

Expieesio Teepowate: "C sauity te Inke; le
Seconds, 0. 1 (no cop used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Decomposes eO oad AzIde 0.20
0 Tetryl 0.O6

20 IleaWt Metvr, % TNT: (a) 128

Teall Too, % TNT:

75'C I|termetleel Heet Teot:
% Loss In 48 Hrs Plte Det Toot

Method

100'C Moot Tot: Condition

% Loss, Iit 48 Hrs Confined

% Lous, 2nd 48 Hrs Density, gm/cc

Explosion in 100 Hrs Orlsrnce, % TNT

D etqeestlee late:e

Flammabillty Index: Canf inement none
Condition Cast

IHygreepicity: '% Chirgo Diameter, In. 1.0

Density, gm/cc 1.50
Vceelie•: N Rate, n iters/second 5T60

14
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Amatol, 60o/0 AMCP 706-177

Frilmeoamtle. Teaw $14041 C"esge IEfesvtemeso, TNT 100:

90 mm HIE, M71 Projectlle, Lee WC.9.: Gloss Cones Steel Cones

Density, •,t/cc 1.49 Hole Voo e
Charge Wt, lb 1 97T1 kl. Depth

Teeol No. of Freomele:
For TNT 703 Colo" Buff-yellow

For Subject HE 583
3PIloolpl Usee: Bombs, HE projectiles

3 l~sc HIE. M42A1 i•ejeqsik, Let KC-Si

Density, gm/cc 1.57

C;-org"Wi, lb 0.8v

Teoel No. of F atgmeee M oth" of Laod:v: Cst

For TNT 51h L
For Subject HE 408

_ _ __ ood fs~y: gm/cc 160

Fiemom Velcity: ft/sec
At 9 ft
At 25½ ft sofeeg:
Density, gm/cc

Method Dry

Sleet (Ruletive to TN)&h Hazor Close (Qurtlty.Distance) clog, 9

Air: ComPatlbibty Group Group I
Peak Preasure 95
Impulse 85 Esudetior Dnos not exude at 650 C

Energy ___

Air, Coohfowd Heat of: (d, 0)

Imnpulse
Combustion, cal/gm 1658*

Ud" ween Explosion, cal/ m 633*
Peak Pressure Ga Volume, cc/. 880*

Irnpulse

Energy

Peak Pressure

Impulse
Energy

*Calculated from coenposition of mixture.
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AMCP 706-177 Amstol, 50/50

Cem*46ltion: 1 Melleeer W443W:11

OxCygen USawsel
Amonilum Nitraten 50 CO, % 2

TT50 CO % . 3

Desswil 0/c~c Cast 1.59

N*4iog Pois: *C

C/H Ratio U,.emleg Poise *C

lop"e Sewuiffvy, 2 Xg Wh 11.111img P061. *C
Bureou of Mines Apparatus, cmn 95

Sample Wt 20 rN~ 11141 6011 laddsa n.,
Picatinny Aijenal A f',,Avtus. In. 16a

Sample V1t, rN 1T718

P.104. POK&deuNS Tfgii Veesas keOllO Teeh
Steel Shod UD~ff~etd cc/40 Hrs, at
Fiber Shoe Urefteat.4 90*C

1000C 0.2
Wille loWs Imipact Te90: Trials 120*C 1.0

Partial& 0 IO
Burned 0 200Or Bom b soma Sed i
Unaffected 100 Send, gm l42.5

3.9.61. e~peetre Seaa4l lop' to 1.041.04mm:
!ioconds, 0. 1 (no cap used) Mklmn~m Detonati@g Charge, gmn

I Mercury Fulminate
5 Decomposes 265 Loa Axd 0.20

.10 Tutryl 0.05
is

5.204.M.. % TNT: (a) 121.

vrewall Teow, *A TT:
75'C h011OePA0e0e6 N0el Tet:GOIN Tw

% Lou in 48 Mrs l W h
Method B

100C moe" Too-: Condition t

"% Loss, ist 48 HI Crfie NO

"% Lass, 2nd 48 Hrs Denity gu/cc 1.55

64ploion n 100Hrs risonce, % TNT 5

rh omba Ind1":Mr Confinement. Ilono None

Nygiveseeepisyt % Nil j Charge Diameter, in. 1.0 1.0

vDensity, gm/cc 1.55 1.55
Veseliy:Rote, meters/second 61.3o 623o

16
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~ AMCP 706-177

Frgmentation Too.: Shaped Charts Effectiafivv~, TNT =100:-

9mm HE, M711 Projectile, Let WC-91: Gloss Cones Steel Coans (9)

Density, gm/cc 1.55 Hole Volume 53
Charge Wt, lb 2.053 Hole Depth 69

Totld No. of Fregmeets: coe.Buff-yellow

For TNT T03
For Subject HE 63o

Peiv~lpel Uses Bombs, HE projectiles
3 inch HE, M42AI Projectile, Lot KC-5-

Density, gm/cc 1. 54-.
Charge Wt, lb 0.819

TOWs No. of Freaments:Mtedo eig: Cs
For TNT 514 ohdoLein- Cs

For Subject HE 385
Leeding Weasihy. gmn/cc 1.59

Frogmnent Velocity: ft/sec
At 9 ft
At 25-A ft Stesege:
Density, gm/cc

MothodDr

Blest (Relative to TNT) Hazard Class (Quantity-Distan~ce) Class 9

Air: Compatibillty Group Group I
Peak Pressure 97
Impulse 87 Exudation Does no' exude at 650C

Energy
Booster Sensitivity Test:()

Air, Confined: Condition cast
Impulse Tetryl, gm 100

Wax, in. for 50% Detonation 0.6.3
Undsr Water: Density, gm/ca 1.55

Pea~k Pressure Heat of: (d, e)
Impulse Cousstion, cad/gM 1990

Enry 8Eplosion, cal/gm 703*
EnegyGas Volume, cc/Tm 855*

Umdergrousdz *Calculated from composition of mixture.

Peak Pressure 104 Spcii Het(i)gmo
Impulse 10lem,201to01 0.383
LE3.rqy 104 Bomb Dreo Test,:

TT, 2000-lb Semi-Armor-Piercing
Bowb ,ae Concrete:

Makx Safe Drop, ft 4000-5000

17

Downloaded from http://www.everyspec.com



AMCP 706-177 Amatola 80/20, 601'40, 50/50

Compatibility with Metals:

Dry - Metals unaffected are zinc, iron, tin, brass, brass tin plated, brass NRC coated,
brass shellac coated, nickel aluminum, steel, steel plated with nickel, zinc or tin, stain-
less Ateel, Parkerized steel, and steel coated with acid-proof black paint. Metals slightly
affected are copper, bronze, lead and copper plated steel.

Preparation:

In preparing amatols the proper granulation of ammonium nitrate is required if the maximum
density of the cast amatol is desired. The ammonium nitrate should be dried so as to contain
not more than 0.25% moisture. It should be heated to about 90

0
C before being added to the

appropriate weight of molten TNT contained in a melting vessel ejuipped with an agitator. Con-
tinue mixing to insure uniformity and load by pouring into shell or bombs.

Origin:

Developed by the British during World War I in order to conserve TNT.

References: 2

(a) L. C. Smith and E. 11. Eyater, Physical Testirg of Explosives, Pat II Miscellaneous
Sensitivity Teats, Performance Tests, OSRD Report 5746, 27 December m 9 5.

(b) Report AC-17/Phys Ex 1.

(c) D. P. McDougall, Methods of Physical Testing, 0SRD Report No. 803, 11 August 1942.

L. C. Smith and E. G. Eyster, Physical 'resting of Explosives, Part III- Miscellaneous
Sensitivity Tests; Performance Tests, OSRD Report No. 5746, 2T December 194j5.

(d) Committee of Div 2 and 8,. NDRC, Report on HRX and Tritonal, 0SRD Report No. 5406,
31 July 1945.

(e) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revision2,
NAVORD Report No. 87-46, 26 July 1946.

(f) R. W. Dlrake, Fragment Velocity and Panel Penetration of Several 8%plosives in Simulated
Shells, 0RD Report No. 5622, 2 January 1946.

(g) Eastern LAboratory, du Pont, Investigation of Cavity Effect, Final Report, 18 September
1943, NDRC Contract W-672-ORD-5723.

(h) Also see the following Picatlnny Arsenal Technical Reports on Amatolu:

0 1 2 6 7. 2
24o0 681 132 743 364 65 266 1237 548 549
350 T31 182 1173 694 425 556 145'! 638 799
630 901 1302 1373 734 695 666 1797 838 920
950 1051 1352 1323 874 715 986 1827 1098 1129

1300 1311 1372 1493 1344 735 1376 2167 1148 1219
"1530 1451 1552 1783 1145 1446 1388 1369

1651 1225 1636 1568 1559
1345 1796 1838
1455
1885

Wi) TM 9-1910/TO IIA-l-34, Military Exloslives, April 1955.

;See footnots 1, page 10.
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Ammonal AXCP 706-177

Coa.Poeltion: Melcular Weight: 102

Oxyl'.s Beaunce:
Ammonium Nitrate 22 C % -55
TNT 6T CO % -22
Aluminum 11

Density: gm/cc Cost 1.65

Melting Point: .C

C/H Ratio Freseing Point: *C

Impact Sensitivlty, 2 Kg Wt: Boiling Point: 1C
Bureau of Mines App:rot, 4, cm 91

Sample Wt 20 mg Re.rective Index, no
Picotinny Arsenal Apparotus, in. 11

Sample Wt, mg 19

Friction Pendulum Test: Vecuum Stability Test:

Steel Shoe cc/40 HM's, at
Fiber Shoe 901C

lO0*C
Rifle Bullet Impect Toot: Trials 120"C 4.4

% ~135C"
Explosions 5'C
Partialls 15OC

Burned 200 Graem omb Send Test:

Unaffected Sand, gm 147.8

Explasion Tempereture: Sensitivity to Initletlo:
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminate 0.20
5 Decomposes 265 Lead Azide

10 Tetryl

15
20 Ballistic Meftr, % TNT: (a) 122

Tteuxl Test, % INT:
75'C Internetlonl Moet Test:

% Loss in 48 Hrs Plate Dent Test%
Method

100"C Meet Test: Condition

% Loss, 1st 48 Hrs 0.00 Confirid

% Loss, 2nd 48 Hrs O.10 Density, gm/cc

Explosion in 100 Hr's None Brisonce, % TNT

DotOetoft Rate:
Flemmaebilty Index: Conf inement

Condition
Hygroscopicity. % Charge Diamater, io.

Volatility: 
Density, Vm/cc
Rate, matars/second

19
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AMCP 706-177 Ammonal

Fragmenmtation Tact Shop"d Chorite Ofec.*ewa, THY 100:

MM Mm E, M71 Projectil., Lot WC-91: Glass Cot its Steel Cones
Demsity, gm/cc Hole Volume
charge wt, lb Hole Depth

Totel Me. of Fregmotft. .fg:
For TNT

For SbjectHE rmgjpI Uses:- Projectile filler

3 lock HI. M42AI1 Freestle~l, LOe KCJ:1
Density, gm/cc 1.65

I Charge Wt, lb

Tetal No. ef Presmeats: Mtw f iocs
For TNT 655 Mtado edn: Cs
For Subject HE 550 _______________

Loadig Deuilty: gm/cc 1.65

FrejMent Veleelty: ft/Sec
At 9 ft
At 25Vjft 2eee
Density, gm/cc

MethodDr

$1hot (Reletfra to TNT) Hazard Class (Quanitity-Distance) Class 9

Alit Compatibility Group
Peak Pressure Exudatiom
Impulse
Energy _ _ _ _ _ _ _ _ _ _

Mi ~ Origin:
Impulse Castable mixture developed in Un~ted States

during World War 1.

U nde r W ate r: Reference s:
Impulse (a--R oliun r a Ex

L~ro pl.osive Prop ertiles o-,~ l lq xp§ olie~a.

Uadgrand:(b) Also see the following Picatinny Aw-
Peak Pressure menal Technical Reports on Ammonalm: 1108,
Impulse 1286, 1292, 13D8 and 1783.
Energy

Preparation:

Procedure tame as described under Amstoim
except aluminum in added to the euunimoniM.17
trate-TNT molten mixture under agitation un-
til uniformity in compsto in obtained.
Loadding i* ccoplise d by pouring into the
Mu~nr tate urnolctile, ________________________

20
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Ammnonium Ni trate AMCP 706-177

Sc..e e ,eeh wevight (i 4 i03) 80

35 Oxygen 3.16Mm.:
3 C o % +20

H AN3CO 9 +20

0 60 Dnity: gm/cc Cry•tal 1.73

"making Point: "C 170

C/ 4 Ratio Fismial Pal•t *C

Impact Senuliivlty, 2 KS Wt: "liU" Few%: "C
Bureau of Mines Apparatus, cm 100+

Sample Wt 20 nmg elfctn ,e Ie8x, no,
Picatinny Arsenal Apparatus, Irn. 31

Sample Wt, mg 17 nl

F.ictien I'mdellum Teoo: Vacuum. stallijia, Toot:
Steel Shoe Unaffected cc/40 Hfr, at
Fiber Shoe Unaffected 90*C

1001C 0.3
Rifle gullet impact tesl: Trial 120'C 0.3

ki% 1135'C
Explosion* 0
Portilal 0 150"C 0.3

Burred 0 200 Gre. goal Sead Teot:
Unaffected 100 Sand, 9m Nil

gxokwcehe Tomperatioe: OC Senstieoly to IRMltOele.
Seconds, 0. 1 (no cop used) Minimum Detonating Chargt, gmn

I Mercury Fulminate
5 Ignitieo 465 Lead Azldce 0.20

10 Tetryl 0.25
15
20 Iletieati Merter, % TNT: (a) 56

Tmovall Tail, % TNT-
75C lICternetl Heel Teao: (a)

% Lou In 48 Hrs 0.0 Platbe Dow To:
Method

1001C Hel Teoo: Condition

% Lois, it48Hrn 0.714 Confined

% Loss, 2nd 48 Hrs 0.13 Density, gmi/cc

Explosion in 100 Hrs None Brlsonce, % TNT

Det....ie. Raft: (b)
1hme10hd4liy hlde.1 Confinement None Strong

Condition Solid Liquid

"C' 0 9C4 Pi Extram Clarge Diameter, in. 1.25 i4.5
lity, Density, gm/cc 0.9 1.,4

Decomposes at 2100 C Rate, meters/second 1000 2500

21
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AMCP 706-177 Ammonium Nitrate

111*90. Seessilvity Teoo: D~venmposwN quatie:. Mi (h)
/ocito Oxygeni, atcwn'/sec 10 13.8 102.

,,rTetryl, grA (Z/we)
1:Wa, n.fo 0%DeontinHeat, kiloalolrie/mole 14o.5 38.3
,Wa~ in.for 0% Dtona~on(.H, kcal/rnol)

Wax, gmn Tomperature Range, IC 243-2-61 217-267

'IDensity, gm/cc phase Liquid

Combuslion, cai/gm 346 Aemer Mate Impist Teot:-

Expla~on, cal/gm 3146 60 MW mor
GrA Volume, cc/gmn 980 50% Inert, VlOcCIty, ft/se

Formation, cal/gmn 1098 Aluminum F'neness
Fusion, col/gmA 18.23

- - 300-lb tCwnere Puiposee lombe:

SPe04fC NWeat. cai/gm/lC (e)0C ocPlate ThIckness, inches

-X50 0.189 0 0.397T
-100 Q,.330 50 0.414
-50 0.364 100 0.428 11¼

1%

Ismelss Raw.
cm/se

_______________ ___________ lmb Osep Tesw

Theemel Cwnductivity: -

cal/seccm/*C 2.9-3.9 X 1' 77. 2000-lb UemS.Arse.-Pleteing Uemb v's Coreeu'ts:

Caeffleus# of Expeilsleen: Ma Safe Drop, ft

Linea, %/' 500lb Geuinogl purpose Daub vs C"Crete

Volume, %/*C Jj 1 f

Hoeldaeos, Makee' Scalle: Til

Yev"15 Madius:Low Order

Eo n', Mdy lus:cn High Order

C, lb/inch" 100-111 Gowerel Npe..o tomb ve Cewotu:.
eNsivty, gm/lcc

Height, ft
Con Issive Strew9A.e lbinch' Trials

___________________________________ Unaffected

epea pressUe: (g) Low Order
.Cmm Mercury High Order

1883 3.25 _________________ ___

205 T4
216 11.55
2?2 ~ 8
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Aimonium Nitrate AMCP 706-177

Firagmeatatila Tedl: Sb~p~d Chatg. Iffect one"se. 7MT = 00:

90mm HI[ M71 Pmj.lsie, Let WC-91: Gloss Cones StMeI Cones
Density, gm/cc Hole Volume

Charge Wt, lb Hole Deph

Total He. of ePtgueslwa coelo Colorless

For TNT

F b Eipal Uses% Explosive ingredient of

3 Inc Ht. M42A1 PFrjectile Lo.o KC-5: mixtures used in bombs or large
caliber projectiles

Density, gm/cc

Charge Wt, lb

TOtIl No. 0# Figmesh: Mreb"d of Leading: Pressed or cot depending
For TNT on composition of mixture
For Subject HE ,._ _i

_Lanselu Deniy: gm/cc Variable

Fergment Velecity: ft/se;c
At 9 ft
At 25% ft Store":

Density, am/cc M d

islet (RJta• te TNTU Hazard Class (Quontlity-Distance) Class 12

Aki Compatibility Group Group D/
Peak Presu a
Impulse Exudation None

Energy

Effect ( 'Temperature on Impact
Ai, Ceoflned: Sensiti Ity (Chemically pure grade): (b)

Impulse
Temp. PA Impact Test

Ulnder Wet: °C 2 Kg Wt, inches
Peak Pfenure 253
Impulse 5 28

Energy 100 27
150 27

Unde"",el: 175 12

Peak Pressure CoWp•tibililty with Metals: (a)S. l,'nI pulse . .Energy IZn the prvsence of moisture, ammonium
gnitrate reacts vith copper, iron steel,
brass, lead and cadmium.

o (g)

cel/wol at 250 C 36.o

2. .
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AMCP 706-177 Ammonium Nitrate

Solubility of ammonium nitrate, grams in 100 grams (%) of: (e)

Water Alcohol Acetic Acid Nitric Acid Pyridine

Oc O 0 C0 C % Nitric

0 . 0 °C A c i d o0 l 20 2.5E ~••
20 192 40 5 27.0 0.39 15 73.0 21?.7
4o 297 60 7.5 80.9 5.8 30 106 20.8
60 4P1 78 10.5 101.0 20.7 7' 201 31.6
80 580 12.0 125

100 871

Preparation:

A= onium nitrate is prepared by the neutralization of en aqueous solution of ammonia with
nitric acid and evaporation of the bolution. The product which is very pure is dried in a
graining kettle.

Origin:

First prepared by Glauber in 1659 and first used as an explosive ingredient in 1867 when a
Swedish patent was granted to Ohlsson and Norrbin for a composite dynuwite. 7

Deetruction by Chemical Decomposition:

Ammonium nitrate is decomposed by strong alkalies with the liberation of ammonia, and by
sulfuric acid with the formation of ammonium sulfate and "bitric acid.

References: 3

(a) Depertments of the Army sad the Air Force 'IN 9-1910/T0 I1a-i-34, Military Explosives, /

April 1955.

(b) P. F. Macy, T. D. Luddera~r, E. F. Reese and L. H. Erikeen, Investigation of Sensitivity
of Fertilizer Grade A-monium Nitrate to Explosion, PATR No. 1658, 1ii July 1947

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.

(d) L. C. Sith and E. G. Eyster, Physical Testing of Explosives, Part III - Miscellaneous
Senzitivity Teats; Performance Tents, OSRD Report No. 57!6, 7 De.ember 1945.

(e) International Critical Tables, McGraw-Hill Book Co., N. Y., Lanj-Bornst.

G. D. Clift and B. T. Federoff, A Manual for Explosives Laboratories, Vol. II, Lefax
Society, Inc., Philadelphia, 1943.

(f) R. J. Finkelstein and G. Gamov, Theory of the Detonation Process, NAVORD Report No. 90-
46, 20 April 1947.

(g) George Feick, The Dissociation Pressure and Free Energ' of Formation of Ammonium Ni-
trate, Arthur D. Little, Inc., J Chem Soc, 76, 650-bO (1954).

(h) M. A. Cook and M. Taylor Abegg, Isothermal Decomposition of Explosives' University of
Utah, a June 1956, pp. 1090 to 1095.

3S-ee footnote 1, page 10.
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Ammoni• M r'trate AMCP 706177

(i) Also vie the following Picatinny Arsenal Technical Reports on Ammonium Nit-•'+.*:

o 1 21 . 8
240 681 182 743 364 + 596 907 548 799
350 731 1302 1323 984 115 666 ill? 638 1369
630 1051 1682 1783 1094 1225 676 1947 938 1409

1290 1241 2183 1214 1455 946 P167 1008
1720 1311 1234 1635 1106 1038

1391 1304 1675 1696
1431 1725

L.2.
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AMCP 7064177 A.m~snluss Perchlorate

Com~positions Molecule, Weight: (CJH4 NO4) 1.1T.5

cl 30.2 Oxygen sleleisa

21CO % +27. 3

H3.4 NH4C104  Veiseitys gm/cc 1.95

0 54.5 Mating Poit: 'C

C/H Ratio Fiweslag Point: 'C

impact Sensitivity, 2 Kg Wt. lolling P~oint: *C
Bureau of Mines Apparatus, cm 6T

Sample Wt 20 mg Refrocti,. Indelx, no
Picatinny Arsenal Apporotu!'., In, 24

Sample Wt, rr g 24n1I
n

Friction Pendulum~ Test: Vocsuns Stability Teot: -

StcaeI Shoe Sumps cc/A4t Hrs, ct
Fiber Shoe Unaffected 901C

Rifle Bullat Inspoct Test: Trials 1GO*C 0.20

Explosioris% 3*

Partials 1501C o.32
Burned 200i Stow. Bomb $at- 'eet*,
Unaffected Sand, gm 6 .0p

Explosion Temsperatures: Siensilthyt tsn~eln
Seconds, 0. 1 (no cap used) Minimum Detanating Charge, gmn

I Mercury Fulminate
5435 Lead Azide 0.20

10 Tetryl 0.25

20 - BaUl~lstic Mater, % TNT:

75'C International Meet Tests lt
%6 Loss In 48 WrPaeDn et

Method

1001C Ha4t Condition

%6 Loss, 1st 48 Hrs 0.02 Confined

% Loss, 2nd 48 Hrs 0.00 Den~lty, gm/cc
Exploion n ~Brisovico, %6 TNT

- etnetwow Rtew
Flemebllty nde: .Confinarment

Hygrocopicty: %Casdcltiors
Hygraeo~c~t: ~Charge D~omestar, In.

I Velel~ty:Density, gm/cr
Rate, meiters/seond

26
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Arizonium Perchlorate AMCP 7064177

Fragmenetatie Test: Shaed. Chaer~s~~.tees TNT 100:

mw ir HE. M71 Projectile, We WC.9I. 'lams Cones Steel Cones
Density, Cm/ccHatVlm

Charge Wt, lb j Hole Dolumh

Totl N. a Frgmete:Color: Colorless
For TNT
For Subject HE

Puimelpel Usest Explosive ingredient of
C. 3 Inch HE, M42AI Pvojeetlle, Lot KC-Sc Mixtures used in pyrotechnics and

pensty, m/ccas projectile filler

Charge Wt, lb

TONIl No. of Fregsmautal Mathed of Leeding: P'ressed or cast depending
Foe TNT On composition or mixture
Foe Subject HE

Loedlrqq Doaciy: gm/cc Variable

Fragment Veaol*y: ft/sec
At 9 ft
At 251h ft Rte0g61

D~ensity, gm/cc
Method Dry

Ihat (Relative to TNT): Hazard Class (Quntlty.Olstaoyce) Class 9

Air: Compatibility Group
Ptak pressure
Impulse Exudation None
Eneargy__ _ _ _ _ _ _ _ _ _ _

Alt, W111,0111: Slubility in Water
AIru 8ofnd M1100 cc saturated solution-

00C 12
Under Waf-r: 250C 2O

Peak Pressure 600 c 39

Enargy Preparation;

Undeagreown: The perchlorates are prepared by the action
P.nok Pressure of the acid on a suitable base; by tl:w ther-
Impulse mal decomposition of certain chlorates; end
Energy by the electrolysia of chlorates (see origin).

Heat of:

Forulation, cal/go 665

27
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AMCP 706-177 Ammonium Perchlorate

Origin: (c)

E. Mitscherlich first prepared, in 1832, crystals of amoniim perchlorate from barium
perchlorate and ammonium sulfate (Po0g Ann 82, 300). T. Schlosing treated a hot solution of
sodium perchlorate with ammonium chloride, and on cooling, crystals of ammonium perchlor•te
were obtained (Comp rend, 7, 1269, [18713). U. Alvisi treated a mixture of 76 parts of am-
monium nitrate with 213 parto of sodium perchlorate, and obtained a ,,rvp of small crystals of
ammonium perchlorate which were purified by recrystallization from hot water (German Patent,
103,993, 1898). A. Miolati mixed magnesium or calcium perchlorste with ammonium chloride and
crystals of ammonium perchlorste deposited fro the solution of very soluble magnesium or cal-
cium chloride (German Patent, 112, 682, 1899).

References: 4

(a) W. R. Tomlinson, Jr., Physical and Explosive Properties of Military Explosives, PATR
No. 1372, 29 November 1943.

(b) T. L. Davis, The Chemlstry of Powder and Explosivesp John Wiley and Sons, Inc., New
York, 1943.

(c) J. W. Mellor, A Comprehensive Treatise on Inorganic and Theoretical Chemistry, Vol. I,
Lon&gaain, Green and Co., London,1922, p. 395.

(d) Also aea the following Picatlnny Arsenal Technical Reports on Ammonium Perchlorate:

0 1 - 2.4 6
4 -

100 321 843 354 1095 1726 1o49
1783 6o4 1725 1969

854 2205

"4Sea footnote 1, Page 10.
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Beratol AMCP 706-177

compuwItw: Malie•ile, Weight: 125

Barium nitrate 67 CO, % -3

CO % +13

DONAity3 gm/cc cast 2. 55

OMAIla POWn: 'C

C/H Ratio Freemila POi: *C

Impact Senieltlity, 2 Ki Wt: "IHags Point: OC
bureou of Mine* Apparotus, cm 35

Samplt Wt 20 mg wmeattlve lMde., no,
Picatinny Arsenal Apparatus, In. U.

Sample Wt, mg 24 nf

n.j
F\ICtti" Pewlukm TeVu: * ,WY Toot

Steel Shoe €./40 Hr$, at
Fiber Shoe 90"C

* 1006C
Rifle Bullet Impect Test: Tri, - 120'C

Explosions

Partials 150"C

Burned 200 Gram bomb ead Teid

Unaffected Sand, grni 26.8

Explolion Temperature: C SGOAitvity ti Initleatta:
Seconds, 0,1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Ignite. 383 LOW Azide 0.20

10 Tetryl 0.10
15

20 Bell•tsc Meeter, % TNT:

Treu•sl Teot, % TNT:
75' C Intern stianel H eat Test: P le a Dent T om ( ') T3/27

% Loss in 48 Hri Me t B
MethodB

100*C Heat Test: Condition cast

% Lo,;s, Ist 48 Hrs Confined NO

% Lous, 2nd 48 Hrs Density, gm/.lc 2.52

Explosion in 100 iiHrs "" Brisonce, % TNT 61

Deteneflee Roo:
Fiammabiit1 , Index: Confinement

Condition
Hygroscopicity: % 4Charge Diameter, in.

-- C. ¶Yle10.0 Density, gm/cc

Volatility: Rote, meters/second

29
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AMCP 706-177 23erstol

lsoer Seselhlvl Tool. awnesapeselfemsq.~
Condition Cast Oxygmn, atomas/sc
TetrVl, gm 100 Hoot/selcalroMl
Wax, In. few 30% Detontion 0.32 UH, kca/wol

Waxi, am Temperaturd Rng.. *C
Densty, gm/icc 2.55 Ph*$e

mo of AmwPass 9.lImpect Test:

- Ipioula, cal/gmnt o
Gao Volume, cc/0m 50% inert, Velocity. ft/se

Fusion, cal/gm n *r/25 Bont a1 2.8 ( d) " stw

S setNow coi/gm/.C Plt(hikes)ite

50 029 0 0.I171

Nomwou Reft_ _ _ _ _ _ _

cm/sec$dbapTw

Thesme Cesdoweiv": 17,200 .b Sow.A~ere"c S"m vs COWSMeh

Ceef~glel S lajessese:Max soft Drop. ft
Linear, %/'C Swil Geeees Pepese bomsb vs Ceassele

Voluffe, %/*C Heigt, ft

"ANeud.es Mel"! scdt : unaffected
Low Order

-,S' Medules H10h Order
V', dynem/cm*
E, tb/inch' WOl Gapessi Pa,.pee Bmb ws Ceseuste:
Density, gm/cc

Heogt, ft
cem,.esslr# keS1 i lb/inch' Trial

________________________________ Unaffected

.Cmm Mercury Nog Order
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•ara'€ 1. AMCP 706-177

FeogmenteH•tv Test: Shaped Charge Effectiveness, TNT 100:

90 mm HE, M71 Piojectsi, Lot WC.91h Gloss Cones Steel Cones

Density, gm/cc Hole Volume

Chorge Wt, lb Hole Depth

TONI No. of Freagmea: Color:

For TNT ,

For Subject HE
Prducipel Uses: Bomb fill ,r

3 inch HE, M42AI Projectlle, Lot KC-5:

Density, gm/cc

Charge Wt, lb

Total No. of Fragments: Mthad of Loading: Caft

For I NT

For Subject HE /

_/ _Loadleg Density: gm/cc 2.55

Fragment Velocity: ft/sec / '
At 9 ft
At 251/2 ft / Storage:

Density, gm/cc
Methyl Dry

Blest (Relative to TNT): Hazard Class (Quantiy-.Distance) Class 9

"Air: Compatibility Group Group I
Peak Pressure

Impulse Exudation

Energy

Air, Confind: Preparation:

Impulse The appropriate weizht of barium nitrate
heated to about 90

0
C is added to mnoltor TNT

Under Weter: contained in a melting vessel equipped with
Peak Pressur- an agitator. Continue mixing until uniform,

impulse and load by pouring at the lowest practical

E•nergy temperature.

Undorground: Origin:

Peak Pressure Beratol, an explosive containing barium

l'rpulso nitrate and TNT, the proportions varied to

Energ, suit the required purposes, war developed
during World War I.

31

Downloaded from http://www.everyspec.com



AMCP 706-177 Bartol

References*

(a) D. P. MacDougall, Methods cf Physical Testing, OSRD Report No. 803, 11 August 1942.

"(b) L. C. Smith and E. G. Eyster, Physical Testing of Explosives, Part III - Miscellaneous
Sensitivity Tests; Performanc Tests, OCfRD Report Vo. 5746, 27 Decefber 1945.

(c) Also see the following Picatirnny Avienal Technical Reports on Baratol:

0 6 8
2010 1783 2226 2138
2160 2233

(d) C. Lenchitz, W. Beach and R. Valicky, _•thalpy Changes, Heat of Fusion and Specific
Heat of Basic Explosives, PATR No. 2504, January 959."

5 See footnote 1, page 10.
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B.ronal AMCP 706-177

C~mpe~tl N,8ile, We44h: 11.

Barium n rta 40 Oxygeni elasceo
COj % -21t

TArI 35 CO % - 7

Aluminur D15,a ty: gm/cC 2.32

Melting PeOt: "C

C/H Ratio Freezinh Polt: 'C

/Impct So n itlavity, 2 KS Wt: seillng Fe1et: 'C
Bureau of Mines Apparatus, cm 30

Sample Wt 20 mg - Refective hues, n°,
Picatinny Arsenul Apparatus, In. 12

Sample Wt; mg 22 fla

Friction Pendulum Test: Vecumm Stability Tesl:

Steel ShCe Cc/40 HIr, at
Fiber Shoe 90*C

IO0OC

Rifle Bullet Impatt Test: Trials 120'C
% ~135'C

Explosions 135'C

Partials 1 50C

Burned 200 Geam Bemb Seed Teet:

"Unaffected Sand, gm 39.8

Implosion Temperseto: *C Sensitity te omitletlem
Secoods, 0. 1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Ignites 345 Lead Azide 0.20

10 Tetryl 0.10

20 lellistic Merest, % TNT: (a) 96

Treusl Test. % TNTt

75'C Intemetienel Hat Teot
Lous in 48 Hirs Plof Deoke 'fet:

Method

100*C Heat Teat: Condition

"% Lou, Ist 48 Hrs Confined

", Los, 2nd 48 Hrs Oenslty, gm/cc

Explosion in 100 Hrs Brlisnce, % TNT

Detonetlon Rete: (b)
Flemmebility Index: Confinement None

Conditiom Caet
Hyjgmiceiclty: % Charge Diameter, in, 1.0

Density, gm/cc 2.32

Velatility: Rote, meters/second 5,450

33

- r. /wfn

Downloaded from http://www.everyspec.com



AMCP 706-177 Baronae

Fregmoeteatlee Test: S"aped Chatse If fectivenee, TNT = 1008

90am HI, M71 Prej*ct•le, Lot WC.91h Glass Cones Steel Cones
Density, gm/cc Hole Volume
Charge Wt, lb Hole Depth

Tetel No. of Frogmeefta Cowl
For TNT
For Subject HE

Peidip.l Us.. Bomb filler
3 lanc HE, M42AI Projetile, Let KC.5i

Density, gm/cc

Charge WI, lb

"Total Ne. of Fregments: Marked .1 LeedS: Cat

For TNT
For Subject HE

,,Lelag De•mty: gm/cc 2,12

Fregment Velocity: ft/sac
At 9 ft
At 25Vt ft Ste~ataz

Density, gm/cc
Method Dry

Ilket (Relative to TNT): Hazard Class (Quantity*Distunce) CLass 9

Air, Conrpatllbllty Group Group I
Peak Pressure

Impulse Exudotion

Energy

Air, Ceiflwed: Preparation:
Imlpu•ls Procedure eaime as described under Berotol

except aluminum is added to the barium ni.
"Un•er Water: trate-TNT molton mixture under agitation

Peak Pressure until uniformity in comparison in obtained.
Eneulsy Booster Sensitivity Test;

Energy()
Condition Cost

Underqrarnd: Tetryl, gm 100

Peak Pressr Wax, in. fcr 50% Detonation 0.86

Impuls Density, gm/cc 2.32

Energy Heat of:

Coebu-tion, caL/gm 2099
Explosion, ca l/gm 1135
Gas Volume, cc/gm 4Lo

:34
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Baronal* AXCP 706-177

References: 6

(a) L. C. Smith ar24 E. G. 1ýyster, Physical Testin of poeives P-art III -Miscellaneous

2enaitivity Tests; Performance Tepsta, OSRD Report No! 57Zb, 27 Dcember 1.945.

(b) G. H. Measerly, The Rate of, Detonation of Various Explogive Cotmoundu, OSRD Report No.
1219, 22 February 1943.

M. D. Hurwritz, TeRate of Detonation of Various Conmounda and Ml xturea, OSRDf Report
No. 5611, 15 January 15'46.

(c) D. P. VAcDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.

(d) Ar~thur D. Little Repiort, Study of Pure Exploaive Compounds, Part 111 Cozzelation of
Composition of Mixture with Performance, Contract No. DA-19-020-ORD-12, I May 1950.

(e) S. J. Lowell, Propagation of Detonation in Long and Narrow. Columns~ of Zxplosives, PATR
No. 2138, February 1955.L

6SOO foo t note Ipage 10.
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AMCP 706-177 Black Povder

Composition. Molitule, Weitght: 8

,*%ygen Ueoeirce:
Potassiumn ritz~to 'r4, 0 cot, % f.22

sulfur 10.14 C

'Nnsity: jm/cc Vral
Charcoal 15.6 Vral

Maki"i Point: 'C

C/H Ratio Freesiain Point. "C

Impact Sonsitivily, 2 Kg W11 11161110 Petite: 1C
Bureau of Mines Apoaratus, cmn 32

Samiple Wt 20 mg Refractive Indoi, v
Picotinny Arsenal Apparatus, in. 1.6

Sample Wt, mg 16ni
0

Frictin Pondlaiumn Tses: Vocamw S~'ab1iity Test:
Steel Shot Snaps cc/40 HI-s, ot
Fiber Shoe Unatfecte'" 901C

R~ifle Busllot inspect Test: Trial& 100*C 0.9

Exploslons 151

Portiols1501C

Burned 200 Grew 3.mb Send Teat:
Unaffected Sand, urn 8

Kxploalen Tinsporetwou 0' Sensitivity to Initiation:
Seconds, 0.1 (no cap used) 510 Minimum Detonaoting Charge, gm

I 149o Mercury Fulminate
5 Ignites 42-r Loa Axide

is35 Seal~tiftie to igniting fuse

20 Ballistic Metter, % TNT. 50
Treusi Test, % TNT: (a) 10

73'C International Hoiet Test Pleft Coen Test:
%6 Loss In48 1*, 0.31 Mto

100C 4e~t est:Condition

%6 Loss, lit A8 Hra ofie
%6 Lms, 2ndA 48 Hrz Density, gm/cc

Eplosion in 100 Hr EOrlsonce, %6 TNT

Deiaitenel Rate:
Flanmnbility, Index: Confinement

Condition
Hygreco~eit~: 96 2~OC ~R ~ :9iCharge Diomiiter, In.

V*t~ H- 2.51 Density, gm/cc 1.6

Rotet, meters/second40
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Black Powder AMCP 706-177

Ftellmentatian Todt: Shar•ed Chargle 14factiveness, TNT -- 100:

•0mm HI, M71 I'vejectile, Lot WC-91% Glass Cones Stool Cones

Density, grnlcc Hole Volune

Charge Wt, lb Hole Depth

T ool Me. all Fragments W w Black

For TNT

For Subject HE_, Pri# llrl Us. 1. Igniter powder
03 lock N, M42AI Pejectie, Le KC-5, 2. Time Congs (fuSes)

Density, gmr/cc
Charge Wt, lb

"Teoel No. of Fragments. Motked of Loills 1. Loose (grlnulated)

For TNT 2. Preed
For Subject HE .... ..

PialeIdnl Uses•: 1 Igniter power

25 50 60 65 70 75Fr3lhe,# VeISCiey e ftltse, 1.7 1.84 -2. 1ime rin.g88 ( .fu 9

At 9 ft
At 25½ ft St~es"
Density, gm/cc

Tlest (Relative toe T eT) Hazard Clees (Qantity.Oltosnce) (Clase 9

Allr Comlfatibility Group Group 0
PeakFos-2 Pret

Impulse Exudation Non*

Energy
100C Vacuum Stability Test,Air, CVeflemi: tc/ 2e/550 6r5:

Impulse Initial• Value 0. 5
AAter 2 hours at 650C o.86

U."ere Water- After 2 hours at; 650C, 75% RH 1.46/

Dea eSensitivity to Egectrostat
Impulse -Discharge, Joules: (b) "

Enorgy UnconfinEd 12. 5
Confi neD .8

U0dersteuad:Peak Pressure Comatibility with Metals,

Impulse Dx - Compatible nith all metals when
Energy moisture content i less than 0.20%.

Initiating Efficiency: Wet - Attacks all common metals except
, suta bless steel.

Grams Required to Initiate .eat of:

Igniter COAP K-31 2.0 Eplos ion, tol/g c 686
IenWter Co: p K-A9 2e3 Gas Volume, cC/gm 271

:,7
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AMCP 7O6-177 Black Powder

Preparation:

Willow or alder charcoal, flour of sulphur and 2-3% of water are placed in a tumbling barrel
and mixed for a short period (about 1/2 hour). The mixture is transferred to a "wheel mill" and
crystalline potasui'am nitrate containing 3-4% moisture is added and the mixture is incorporated
for several hours. During the incorporation period the mixture is kept damp (2-3% moisture) by
adding water at intervals. The mill c~ke is then pressed at 6000 psi between aluminum plates.
The pressed cakes are broken up between rubber or wood rolls. The material is screened and the
various particle sizes are separated as desired. The screened material is then transferred to
canvas trays and Oried in hot air ovens at 60

0
C. If it is desired to glaze the black powder,

the material before drying is polished by rotation in a tumbling barrel to give it a smooth
surface. It is next screened to remove the dust. The smooth particles are then placed in a
wooden baxrret and rotated with graphite. The material is again screened to remove the excess
graphite, and dried. Material finer than #40 U. S. Sieve is not graphited,

WARNING
The batches of black powder must be of sufficient size' to cover the bed of the "wheel mill."

1I' the whoels run off on the bare bed, explosions usually result,

Origin.

The exact date of the discovery of black powder is unknown. Historians at-ribute its dis-
covery to the Chinese, Hindus or Arabs. The Greeks used it during the 7th Century. Marcus
Graecus in the 9th Century and Roger Bacon in the 13th Century described compositions similar
to the present powder. Beginning with the 16th Century, the compocition of black powder c.I-
talngng potassium nitrate, charcoal and sulfur has remained unchanged with respect to the pro-
portionality (75/15/10) of the ingredients.

Destruction by Chemical Decomposition:

Black powder can be desensitized by leaching with water to dissolve the potassium nitrate.
The washings must be disposed of separstely because the residue of sulfur and charcoal is com-
bustible but not explosive.

References: 7

(a) Ph. Naoum, Nitroglycerine and Nitroglycerine Explosives, Baltimore, 1928.

(b) F. W. Brown, D. H. Kusler and F. C. Gibson, Sensitivity of Eplosives to Initiation, b
Electrostatic Discharges, U. S. Department of the Interior, Bureau of Mines RI 35, 196

(c) Also see the following Picatinny Arsenal Technical Reports on Black Powder:

.See footnote 1, page 10.
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Black Powder AMCP 706-177

0 1 2
250 91 222 163 354 65 56 347 188 379
710 471 272 363 454 415 176 407 318 819
850 661 322 4c3 544 545 356 437 428 839

1010 901 472 843 554 605 686 547 558 849
145o j111 492 lO43 574 1145 746 757 598 859

1241 582 1153 594 1275 1256 847 608 899
1451 762 1243 654 1815 1316 iC97 (18 1259
154:. 872 1333 664 1885 1536 1737 098 1309
1711 1022 1493 774 1905 1576 1797 838 1339
1911 1622 1583 844 1915 1586 18o7 898 1349
1951 1712 1643 1114 1946 1827 lO68 1589
2051 1802 1813 1154 1388 1739

1912 1843 1244 1528 1869
1973 15o4 1778 1889

1808
1838
1928
2178
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AMCP 706177 1,2,4-Butanetriol Trinitrate (BrrN) Liqu.d

Campositien. Moleculer Welh#t: (C4 YI 3 09 ) 241

C 19.9 Oxylp.. Blance;
H2 C-ON0 2  CO % -17

It 2.9 CO % 10

"H2CN 17.5 / Density. gm/cc IUquid 1.52
0 5927 Meing Point: 'C

C/H Rotlj 0.13 F20-N02  vesalng Pent;: 'C

Impact Sensitivity, 2 Kg Wt: solling Poot: *C
Bureau of Mines Apparatus, cm 58

Samiple Wt 20 m.n Refractive Index, n.
Picotinny Arsenal Apparatus, in. .01

Sample Wt, mg
n .0

Friction, Pendulum Test: Vecuum PodIlity Toeo:
Steel Shoe cc/40 Hrs, at
Fiber Shoe 901C

10"1C 2.33
Rinle Bullet Impont Test: Trials 1201C

Explosiors % 135'C

Partlois 1501C

Burned. 200 Gram homb Send Test.-
Unaffected Sand, gm 48.6

Suplo1eon Temperature: C Sensitivity to Inltiation:
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Decompoea 230 Lead A4le 0.20

10 Totryl 0.10
Is
20 Ballistic Morter, % TNT:

Trauil Test, % TNT:
73°C internetionel Heot Test:t

% Loss in 48 Hrs Plate Deat Teot:
Method

100'C Heat Testt Condition

% Loss, I it 48 Hrs 1.5 Confined

% Loss, 2nd 48 Hrz 1.2 Density, gm/cc

Explosion in 100 Hrs None Brasance, % TNT

Flammebiilty Index: Conf linurnst
Condition

Hy'groscopicity: % Charge Diameter, in,
V")OFI 95d Eff, A ' kr• s o.14 Density, gm/cc

Volatility:
- 600C, mg/cm2 /hr 46 Rate, mterrs/sc.ond

40)
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1,2,4-Butanetriol Trinitrete (Bi'TN) J.iquid AMCP 706-177

Fewiolemisa Toeo: Shope" Cherge Effectlvenyee, TNT 100:

90 mm HI1, M71 Projectale, Lea WC-91h Gloss Cones Steel Cones
Density, gm/cc Hole Voluwe
Charge Wt, lb Hole Depth

Total Ne. of Fragments.: Yellow oil

For TNT
For Subject HE

PrInclpal UNeNI Explosive plaaticizer for
3 lack Hr, M421A Projectile, Let KC.5: nitrocellulose

Density, gm/cc
Charge Wt, lb

Total No. of Fregmentsi: McWd of Leedleg:
For TNT
Fori ubject HE

_._... ._ _Loadg beiny: gm/cc 1. 32

Fragment Velocity: ft/sec
At 9 ft
At 251A ft Stg:

Density, gm/cc
Method

Mlast (Relative to TNTU: Hozard Closs (Quantlty.Dlstonce)

Alit Compotibillty Group
Peak Pressure
Impulsl Exudation

Energy

,olubility In Water, (a)Air, Cofla~h a'm/l00 gin. at."
Impulsewgn t20 0C 

0.08
Under Wetev: 600C 0.-,5

Peak Pressure Solubility of Water in, (a)
Impulse gm/100 gin: m.O4
Energv Solubility, gm/lO0 gm,

at 250C, in:Undorground: te

Peak Pressure Ether
Alcohol

Impulse 2:1 Ether:Alcohol -

Energy Acetonc -

Heat of: (a) Viscosity, centipolses: (a)

Combustion, cal/igm 2168 Tea:p. 25OC 59
Explosion, cal/gm 1457

Gas Volume, cc/gm 840/

I
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AMCP 70&-177 1,2,41 -Butanetriol Trinitrate (BTTN) LiulId

Praration (Ivboratory Procedure):

To a cooled mixture of 73.8 am of 100% nitric acid, 46.2 gms of 106.2% 3ulfuric acid .nd
60.0 gm of 96.1% sulfuric acid, 30 gms of the original (or redistilled) 1,2,4-butanetriol was
added dropwise with agitation for a period of thirty minutes. The temperature of the reaction
mixture was kept at 0 0 -50 C. When the agitation was completed, stirring was continued for one
and one-half hours. The mixture was poured into ice water, and the re..sulting oil suspension
was extracted with three 100 milliliter portions cf ether. The combined ether extracts were
washed with water, then with a 5% sodium bicarbonate solution and finally with water. The neu-
tralized extrac was dried with anhydrous calcium chloride and the,: the ether wa" evaporated.
The yellow oil was dried in a vacuum desiccator over anhydrous calcium chloride until the mate-
rial was brought to cinstant uaight.

Or~igin:

1,2,4-butanetiiol was first synthesized by Wagner and Ginsberg in 1894 by oxidizing allyl
carbinol with pota':sium permangamnte under mild conditions (Ber 27, 243y). Recently the U. S.
Rubber Laboratory, under the direction of P. Tawney, devised a new synthesis carried out with
allyl acetate and formaldehyde to give 1,2,4-butane triacetate which was readily hydrolysed to
butenetriol (U. S. Rubber Company Qiarterly Report, May 1948). Working with pure 1,2,4-butane-
triol prepared by an improved technique of the Wagner method, the U. S. Naval laboratory in
1948 nitrated the butanetriol on a laboratory and a pilot plant acale (Referenne A).

References:8

(a) J. A. Gallaghan, F. MAcri, J. Bednarik, and F. McCollum, The Synthesis of 1,2, -Butane-
triol end the Evaluation of Its Trinitrate, U. S. Naval Powder Factoz-FT chnical Report No. 19,
10 September 1948.

(b) Also see the following Picatinny Arsenal Technical Reports on Butanetriol Trinitrate:
3755 and 1786.

8 See footnote 1, page 10.
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Comosition A-3 AMCP 706-177

Composition: Molecular Weight: 22"

/ Oxyges Iwencel

RDX 91 ] C0 % .4
""CO % .23

wax 9-'
Desiity: gm/cc 12,000 psi 1.65

Makn• g Point: "C

C/H Ratio Fr4etinl Point: *C

Impact Sensltivlty, 2 Kg Wt- 1l9lln1 Paot: 'C
Bureau of Mines Apparatus, cm 100+

Sample Wt 20 mg Refractive Index, no,
Picatinny Arser)ol Apparatus. in. 16

Sample Wt, mg 17 n"
nO.

Fliction Pendulum Test. Veauum Stoblilty Test:
Steel Shoe Unaffectad cc/40 Hrs, at
Fiber Shoe Unaffected 90'C

1001C 0.3
Rifle lullet Impact 1est: Trials 120*C 0.6

% 135"CExpiouions 015C

Partials 0 150C

Burnod 0 200 Gram lomb Send Tes:

Unaffected 100 Sand, gm 51,5

Explosion Tempereturs: C Sensltivity to Initiatlon:
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulminate 0.22e
5 Dcot~ooes 250 Leld Axide 0.25*

1* 
A1Z.9'tive initiating charges

20 lellisti Meota, % TNT: (a) 135

Troual Test, % TNT:
75+C hInterustlneMI eet Test: fesDn et b

% Loss In 48 Hrs F Deer Test- (b)
Method B B

100'C Heet Test: Condition Pressed Pressed

"* Loss, Ist 48 Hrs 0-15 Confined No No

"% Lous, 2rd 48 Hrs 0.15 Density, gm/cc 1.61 1.20

Explosion in 100 His None Brisance, % TNTf 1.26 75

1D14s.R=iie Rte: (ac)
Flmmaeblilty Indoex: 195 Confinement None

Condition Pressed
Hygroscopicity: % 300 C, go% m 0.0 Charge Diameter, in. 1.0

Volt~llty: 50°C, 15 day. ,0 Density, gm/cc i.59Rate, meters/second 8100

43
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AMCP 706-177 Composition A-3

Frellmentlov.a Test: Skoeed chaet" Iffo••lveee, THT = 100:

90 m E Hl, M71 Projectile, Lot WC-91: Gloss Conns Steel Cones

Density, gm/cc 1.62 Hole Volumn

Charge Wt, lb 2.102 Hole Depth

Totai No. of Fregmenut:

For TNT 703 celon White-buff

For Subject HE 1138
Pvscipel Use HE, dAP, AP projectiles;

3 inch HE, M42A1 Projectile, Let KC-5: Shaped Charges

Density, gm/cc 1.64
Charge Wt, lb 0.861

Totea No. of FrsgMetfls: Meske of Ie lug: Presed
For TNT 

514P

For Subject HE 710

Leodieg DOeOy: Gm/cc pai x 103
3 12

Fragment Velocity: ft/sec 3 12

At 9 ft 200 1.4T 1.65
At 251 ft 2530 Sheqe:

Density, gm/cc 1.61

Blest (Relative to TNT): Hazard Close (Quantlty.Olitarce) clogs 9

Air Comrpallbility Group Group X
Peak Pressure
Impulse Exudation Does not exude at 65 0C when vexes

Energy melting Gharplv at or above 750C are used.

eparation:
AI, ulsed A water slu'ry of RDX in heated to 1000C

Imulse rwith agitation. Wax end a 'vetting agent are
added and the mixture, under agitation, is

Under Water: cooled below the molting point of the vex.
Peak Pressure The wax coated RDX is collected on a filter

Impulse end air dried at °50 C.
Energy 2ffect of Temperature on

Rate of Detonation: (e)
Underground: 16 hr. at, OC .- 14 21

Peak Pressure Density,. mi/cc 1.51 1.51
Impulse Rate, M/600 T7600 76•0

Energy Booster Sensitivity Test: (d)

Condition Pressed
Tetryl, gm 100
Wax, In. for 50% Detonation 1.70
Density, gm/cc 1.62

Heat of:

Combustion, col/jcm _ 1210
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Composition A-3 AMCP 706-177

Compatibility with m.etals:

Dry - Aluminum, stainless steel, mild steel, mild steel coated with acid-proof black paint
aed mild steel plated with nickel or zinc are unaffected. Copper, magnesium, magnesium-aluminum
alloy, brass and mild steel plated with cadmium or copper are slightly affected.

Wet - Stainless steel Is unaffected. Copper, aluminum, magnenium, brass, mild steel, mild
stee. coated with acid-p7-oof black paint and mild steel plated with copper, cadmium, nickel or
zinc art slightly affected.

Origin:

Developed by the British durirg World War I1 as RDX and beeswax. Subsequent changes in the
United States replaced beeswax with synthetic waxes, changed the granulation of RDX and improved
the method of manufacture.

Destruction by Chemical Decomposition: N

RDX Composition A-3 (RDX/wax, 91/9) is decomposed by adding it slowly to 25 times its weight
of boiling 5% sodium hydroxide. Boiling of the solution is continued for one-half hour.

References:
9

(a) L. C. Smith aud E. G. W'ster, Physical Testing of Explosives Part III - Miscellaneous
Sensitivity Tests; Pelformance Tests, OSRD Report No. 5746, 27 December 1945.

(b) D. P. MacDougalJý Methods of Physical Testing, 0SRD Report No. 803, 11 August 1942.

(c) G. H. Messee.y, The Rate of Detonation of Various Explosive Ctsounds, OSRD Report No.
1219, 22 Feb:-uary 1943.

M. D. Hurwitz, The Rate of Detonation of Various Copounds and Mixtures, OSRD Report
No. 5611, 15 January 1946.

(d) L. C. Smith and S. R. Walton, A Consideration of T;flC/Wax Mixtures as a !ubsti~ute for
Tetryl in Boosters, NOL Memo 10,303, dated 15 June 1949.

(e) W. F. McGarry and T. W. Stevens, Detonation Rates of the More Important Military Exbplo-
sives at Several Different Temperatures, FATR No. 23b3, November 1956.

(f) Also see the following Picati .ny Arsenal Technical Reports on RDX Composition A-3:

0 1 2 68 2
1380 1451 1492 1493 1424 1325 1556 1687 1338 1639
1910 1761 2112 1614 1585 1936 1787 1388 2179

1634 1595 1797 1728
2154 1T15 1838

1885
2235

9 See footnote 1, page 10.
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AMCP 706-177 Composi•i on B

Cmprswitla: MeWecula, Weight: 224

Oxygy sklence:
RDX 60 CO., % "43

CO % 10

Waadd 1Density. gm/cc Cost 1.65

M.akin Point: 'C (i) 78-80

C/H Ratio Freezing Point: 'C

Impact Sensiti•ity, 2 Kg Wt: "UlRIn Point: 1C
Bureau of Mines Apparotus, cm 75

Sample Wt 20 mg Refractlve lu , ndex
Picotinny Arsenal Apparatus, in. 14

Sample Wt, mg 19 nfu

nos
Friction Pendulum Test: Vacuum Stebility Test:

Steel Shoe Unaffected cc/40 Hvs, (t

Fiber Shoe Unaffected 90C
1001C 0.7

Rifle Bullet Impact Test: Trials 120*C 0.9
135C

Explosi.ns 
3

Portial$ 13 1501C 11+

Burned 4 200 Gram lomb Send Test:

Unaffected 80 Sand, gm 54.0

Explesion rmmperetur-. C Sensitivity tu Initiation:
Second.< , 0.1 (no cop used) 526 Minimum Detonating Charge, gm

1 368 Mercury Fulminate 0.22*
5 •ecomposes 278 Lead Aside 0.20*

10 255 TetrcI

15 v- 250 A1tenative initiating, chargs

20 a- 250 lellieIc Mortar, % TNT: (a) 133

Ttaual Test, % TNT: (b) 130
75'C lntarustionel Heat Test: PaeDn et c

% Loss in 48 Hrs Plate Dent Test. (c)
Method B

100'C HOe Tea: Conaition Cast

"% Lou, hst 48 Hrs 0.2 Confined No

"% Loss, 2nd 48 His 0.2 Density, gm/cc 1.71

Explosion in 100 Hrs None Brisonce, % TNT 13

Detoneaton Rate:
Flammability Index: 177 Confinement None

Condition Cast
HygmoecePksty: % 300

C, 90% NM 0.02 Charge Diameter, In. 1.0

Volatility: - Density, gm/cc 1c68

Voklatilit: Rote, meters/second 78li0

46
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Composition B AMCP 706-177

w.ootev Sensitivity T&St: (d) Doeimposition Eqtvoilea.:
Condition Cost Oxygen, oatoms/sec;

Totryl, gmn10 (Z/S(c)
Hoot, kilocalorie/mole

Wax, In, for 50% Detonation~ 1.it0 (41-1, kcai/moli
Wax, gm Temperature Range, *C
Density, gm/cc 1.69 Phase

Mos/g of.(a Armer Plate Iipact Toot: (e)

Compustion, cal/gm 12T90in. Po1l:

Got Volume, cc/gm 50% Inert, Velocity, ft/sw 209
Formation, cal/gm Aluminum Fineness
Fusion, cal/gm (i 8.0

______________________________________ 500-lb General puirpose Bambs:

Specific Host: cal/gm/'C (1)
oc ocPlate I hickrross, inches

Trias3. % inert
-T5 0.235 T5 0.376 1 4 100

0 0.220 85 0.354t
25 0.2514 90 0.3141 146 50
50 0.305 100 0.312 Iu. 2 0

114 0
Burnin~g Raet:

cm/sec
________________________________ Bomb Drop Teoo:

Thral/U Candectlv 17, 2000-lb6 Sami-Armer-Plortiog Bomb " Conateto:

Coefficieint of Exponsles: Max Saft Drop, ft
Linear, %/'C SOC-lb General purpose Bomb vs Concrete:

No Seal. Seel.
Volume, %/1C Height, ft 7400 14000

- Trials 65 39
He~neoM.It cee:Unaffected 58 36

Young's Moduloe: Low Order22
E', dyn~t/cm2  High Order 5 1

E, lb/inch* I (Q-IS General Purpose Bomb vs Contrfta:
Density, gm/cc

Haight, ft
Compressive Strengtk: lb/inch2 (b) 16io-2580 Ttials

Density, gm/CC 1.68 Uraffected

vr.p. Pressure:. Low Order
.C mm Mercury High Order
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A1LCP 7017 coapoition B

Fregmfentatie. Toot: Shaop" Charge Effectiveneses, TNT 100:

(g) (h)
90 mm HEi, M711 P#eJectlek, Lot WC-91i Glass Conets Steel Cones

Density, gmi/cc 1. 65 Hole Volume 178 162

Charge Wt, lb 2.1.87 Hole Depth 12514

Total No. of Firegmemte:-

Far TNT 70 Yellow-brown
For TN jeT 7E099

ForSuoiec HE998Principal Us": Fragmentation bombs, ME

3 luh 11, M2A1Prejetle, Lt K-5aprojectiles, gronades, shaped

Density, Q'n/cc 1.67Thre

Charge Wt, lb 0.882

Total No. b.e Fragments, Metluod of Loading. rast

,For TNT 5114
For Subject HE 701

____________________________________ LooJling Density: gmn/cc 1.68

Flogmffent V46Imetyt ft/sec
,At 9ft 2940
At 251/ ft 2680 Storage:-

Density, gm/cc 1.68 Method Dry

Blmst (Realtive to TNT). Mr Hazard Class (Quantity.Dlstanice) Cleasn 9

Alir Compatibility Group9 Group I

Peak Pressure 110

Impulse 110 Ex~udation Very slight when atorei at 7100

Energy 116________________________

Origin-
Air, Confined:

Impulse 75 ElnX Composition B van developed by the
British between World War I and World War 11.

Under Water: It was standardized by the United States
Peak Pressure 110 early in World War 11.

-Impulse 108 Lffect of Tremperature on
Energy 121 Rate of Detonation: Wi

16 hra at, OC .514 214
Ued~gr~.d:Density, gm/cc 1.69 1.69

Pt ok Prossuro 1014 Rate, rn/sec 7720 766o
Impulse 9TBulk Modulus at Room 0j)
Energy 11Emperature (250.3000):
Crater radius cubed 107WainopB 1 2 3

tD'nea/cm2 x 10-10) 5.10 3.56 2.34
Density, gm/cc 1.72 1.70 1.68

Tamp, 9 0 2C
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AXCP 706-177
Composition B

Compatibility with Metals:

Dry - Magnesium, aluminum, magnesium-aluminum alloy, mild steel, stainless steel, mild steel
coated with acid-proof black paint and mild steel plated with zinc or nickel are unaffected.
Copper, brass and mild steel plated with copper or cadmium are slightly affected.

Wet - Aluminum and stainless steel are unaffected. Copper, brass, mild steel, mild steel
coated with acid-proof black paint and mild steel plated with cadmium, copper, nickel or zinc
are slightly affected. MAgnesium and magnesium-aluminum alloy are more heavily affected.

Preparation:

Water Wet RDX is added alowly with stirring to molten TNT melted in a %team-jscketed kettle
at a temperature of 1000 C. Some water is poured off and heating and stirring are continued un-
til all moisture is evaporated. Wax is then added and when thoroughly mixed, the composition
is cooled to a satisfactory pouring temperature. It is cast directly into ammunition components
or in the form of chips when Composition B is to be storei.

Destruction by Chemical Dlcompoaition:

RDX Composition B is decomposed in 12 parts by weight of technical grade acetone heated to
450C. While this is stirred vigorously, ther.e is added 12 parts of a solution, heated to 70°C,
of 1 part sodium sulfide (Na2 s.9H2 0) in 4 parts water. Thg sulfide solution is added slowly so
that the temperature of the acetone solution does not rise above 600 C. After addition is com-
plete, stirring is continued for one-half hour.

References:t0
(a) L. C. Smith and E. 0. Eyster, !_ a I n of losives, Part III - Miscellaneous

Sensitivity Tests; Performance Tests, OSRD Report s,5746, 7 DecgibF 1945.

(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revision,
NAVORD Report No. 87-46, 26 July 1946,

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.

(d) L. C. Smith and S. R. Walton, A Consideration of RDIX/Wax Mixtures as a Subetitute for
Tetryl in Boosters, NOL Memo 10,303, lJue19.

(a) Committee of Divisions 2 and 8, NDRC, Report on HBX and Tritonal, OSRD Report No. 5406,
31 July 1945.

(f) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Tech Div Lecture, 9 April
1948.

(g) Eastern Laboratory, du Pont, Investigation of Cavity Effect, See III, Variation of Cavi-
ty Effect with Explosive Composition, NDHC Contract 7 6-OLVD-5723.

(h) Eastern laboratory du Pont, InvestigAtion of Cavity Effect, Final Report, E Lab du Pont,
Contract W-672-ORD-5723, 18 September -M-b. 3.

(i) W. F. McGarry and T. W. Stevens, Detonation Rates of the More Iportant Military Explo-
sives, at Several Different Temperatures. PAT N. 3B]--r"•eer-"56.

LUSee footnote 1, page 10.
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AMCP 706-177 composition B

(J) W. S. Cramer, B'ilk Compressibility Date on Several High Explosives, HAVORD Report No.
4380, 15 September 195b.

(k) Also see the folloving Picatlnny Arsenal Technical Reporta on RDX Compooitiou B:

20 1 2

136o 1211 1402 1313 1224 1325 1466 1207 1338 1339
1530 1451 14.82 1433 1424 1435 1476 143. 1388 1379
2100 2131 1592 1803 1944 1585 1556 1457 1438 1469
2160 2151 1983 2004 1595 1756 1737 1458 1819
2190 2053 2104 1865 1956 1797 1688 2019

2o63 1885 2236 2007 1728
2103 2055 2147 1828
2233 2125 1838

2155 197E
2175 2008
2235 2138

2168

(1) C. Lonchitz, W. Beach and R. Valicky, Enthalpy Ch&ges, Heat of Fuslon and Specific Heat
of Basic Explosives, PATR No. 2504, January 1959.
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Cowaosition B, Desensitized AMCP 706-177

Composition: ;* "___ Molecular Weight: ;*

RDX L5: '2 Oxygen Balance;

TNT 0 CO.. % See Cyclonite See Comp B
Wax, added, (Stanoli. d CO % See Cyclonite See Comp B
or Aristowax, 165P/ 5 CO % See C__lon___ See Camp B
ITOOF)

Vinylseal (MA28-14), Donvity: gm/cc Cast 1.65 1.65
added 2

Vistanex (3120) 1.2 Meiting Point: "C
Albacer Wax 3.6

C/H Ratio Freeing Poiaot: 'C

impeat Sensitivity, 2 Kg Wt: * II. . Uoilivig Point: 'C
Bureau of Mines Apparatus, cm 95
Sample Wt 20 mg Refractive Index, na,

Picatinny Arsenal Apparatus, in. 14 13
Sample Wt, mg 17 16 nl,

Friction Pendulum Test: Vacuum Stability Test: 1* Iz_.

Steel Shoe Unaffected cc/40 Hrs, at

Fiber Shoe Unaffected 901C

1001C
Rifle Bullet Impact Test: Trials 120*C 0.99 0.92

% I5 II5C
Explosions 0 O15C

Partials 0 0

aurnod 5 0 200 Gram lamb Sand st: e. II__**
Unaffected 95 100 Sand, gm 52.7 55.0

Exploslon Temperature, C 1. II SensitivIty to IxItiellon: 1* II..
Seconds, 0.1 (no cop used) Minimum Detoating CharGe, gm

1 Mercury Fulminate
5 Decomoses 260 270 Lead Aslde 0.22 o.26

10 "Tetryl
15'.

20 P.liste Mittr, % TNT:

T .au.u Test, % TNT:

75'C International Heat Test:
% Loss In 48 Hrs Plate Deal Tow

Method

100*C Heat TeO: 1* ii#* Condition
% Lots, 1st 48 Hrs 0.0 0,.12 Confined

"% Loss, 2nd 48 Hrs 0.19 0.18 Density, gmn/cc

Explosion in 100 Hrs None None Brisonce, % TNT

Dtoenatlen Rate:
Flemmebility Index: Confinement

Condition
Hy0e Cele0ty: Chaorge Diameter, in.

v . fill Ni 0.00 0.00Density, gmn/cc
VolatltIy: Nil Nil Rate, meters/second

*Desensitized Coasp B, designated I, uses emulsified wax.
**Desensitized Comp B, designated II, uses coated RDX.
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AMCP 706477 Composition B, Desensitized

Frgmentetlo Tes: Shoped Cherlae Effectiveness, TNT - 100:

90 mm HE, M71 Prej•cmIIe, Lot WC-91: Glass Cones Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hale Depth

Tetel NO. ef Freqmeete: C'lion Yellov-brosm

For TNT

For Subject HE
Principai Uses: Bombs

3 inch HE, M42AI Projectle, LeotC-.5

Density, gm/cc =65
Charge Wt, lb 0.87 0.86

Total Ne. of Freimenant Meek"d of Leading: Cast

For TNT g41 514

For Subject HE 609 659
________________________________ Leading Densi/ty gm/cc 1.65

Fragment Velocity: ft/sec

At 9 ft
At 2514 ft Steea

Density, gm/cc
Metho D

Blest (Relative to TNT): Hazard Class (Quantlty-Dlstance) Class 9

Air. Compatlbillity Group Group I

Peak Pressure

Impulse Exudation

Energy

AiCnfn s Viscouity, poises- 1* 1*Ai,, Conflned:.. Vs~l• oss wi._

Impise TeCIP, 83 0C 3.5 3.1
950C 2.6 2.7

Under WatArt
Peak Pressure References:

Impulse (a) See the following Pic3tinny Arsenal

Energy Technical Reports on I1W Composition B,

Desenastized:
Undergleund:

Peak Pressure
Impulse 2'..,1 1313 1435 17"56
Energy 2053 1865

*Desensitized Comp B•, designated I, uses
emulsified wax,

"•Desensitized Comp B, designated I1, uses
coated RDX.
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Coifoeition C AMCP 706-177

Compoeltion: Molecular Weight:-%

88.3 Oxygen Belnce.:
C0 2 %

Plasticizer, nor,- CO %
explonive ll.T* Density: gm/cc

*Nonexplosive oil' pleaticizer containing

0.6% lecithin. Making Point: 'C

C/H Ratio Freezing Point: 1C

Impact Sensitivity, 2 Kg Wt: Boiling Point: 'C
Bureau of Mines Apparatus, cm 100+-

Sample Wt 20 mg Refractive index, no
Picotinny Arsenal Apparatus, In. -.

Sample Wt, mg

Friction Pendeilun Test: Vecuwm ste Wility Test:

Steel Shoe cc/40 Hrs, at . /

Fiber Shoe 901C
100"C O0 3'

Rifle Bullet Impeac Test: Trials 120'C 0.7

% 135'CExplosions 0

051
Partials 0 150C

Burned 0 200 Grant Iemb Sand Test:

Unaffected 100 Sand, gm 46.5

Explasion Temperature: C Sensitivity to Initeitlen:

Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm

1 Mercury Fulminate
5 Decomposes 285 Lead Azide 0.25

10 Tetryl 0.11
15

20 aIlelitic Merter, % TNT: (a) 120

Trouul mt, % TNT:
73C Internetieoel Heet Test: e T

% Loss in 48 Hrs Plate Writ Test,
Method A

100'C Heat Test: Condition Hand Tamped

% Loss, Iit 48 Hrs 0m04 Confined Yes

% Losu, 2nd 48 Hrs 0.00 Density, gm/cc 1.58

Explosion In 100 Hrs None Brioance, % TNT 112

Ve4etlete 11tieste:
IFlammebility In4ex1 Confinemi t

Condition
Hygroscopicity: % 300C, 95% IM 0.25 Charge Diameter, in.

Density, gm/c¢
Volatility: 25

0
C, 5 days 0100 De, m/ccRote, metes/second

N'
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AMCP 706-177 Composition C

Fregmenteio Teee: Shaped Charge lffectlfem , TNT = 100:
(f) (g)

9mm HE. M71 Projectlhe, Lot WC-91: Glos C e Steel Cones

DensiWy, gm/lc Hole Volume 113 1.14

Chorge Wt, lb Hole Depth 101 114

Teotl No. of Frasqnete: Wnite
For TNT
For Subject HE

Ps"PelI UeM: Plastic demolition explosive

3 Inch HE, M42AI PFrjectlle, Let KC.S:
Density, gm/cc

Charge Wt, lb

Total No. eo Fragments: M- e, L4edle: Hand t ed
For TNT

t'or Subject HE

_________________________________ LeOdle1 D-seJyl gm/cc 1.4l9

Fregiweat VYclity, ft/sec
At 9 ft
At 251/j ft Stews.e:
Density, gm/cc.

Method Dr

1sot (Relethve to TNT): Hazard Class (Quontlty.Dlstono,) Class 9

Air. Com"Ptihlity Grou Group I
Peak Pressure

Impulse Exudation Exudes above 400C

Energy

Air, C•0fmhIne Plasticity:

Impulse Below 00 C Brittle (00c)
0-400C PlasticUnder Woer: Above 4O°C Exudee (4o0c)

Peak Pressure

Impulse References:

i Energy See reference for Composition C-'.

Peok Pressure
Impulse
Energy

54
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ompoaltion C-2 A XCP 706-177

Cemp.iti~i:Mwitculair Weight:

RnX 78.7T Oxygen s eleane:
TNT 5.0 CO,. %
BKT 12.0 CO %
MNT 2.7
NC 0.6 Density: gm/cc
Solvent 1.0

Makifng Pelatl 'C

C/H Ratio lfteealas Point: 'C

lmped# Senssitivity, 2 Kg Wt: "Notln Points 'C
Bureau of Mines Apparatus, cm 90

-. Sample Wt 20 mng Refractive Index, n"
Picatinny Arwrial Apparatus, In,

Sample Wt, mg n

F~tkfin Pendulum Tea.: Vacuum StoWlilt Test:
Steel Sh~oo cc/40 Hri, at
Fiber Sh~oo 901C

1001C 2.0
Rifle fivllet Impact Teao: Trials 1201C 9.0

% ~135'C
Explosion% 0101
Partials 20 10
lBurned 0 200 Gre. Illmb Semi Taw:
Unaffected 80 Sand, gm 4T7.5

Esiplaale.. Temwpereturt.-: Sensiivity to Initiation:
Second&, 0. 1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Decomposes 285 Lead Aside 0.25

10 Tetryl 0.10
15
20 11i14stle Mesto, % TNT: (a) 126

Tsowial Test, % TNT.-
W5C Intornetllnel woNea -tPeeVntTa:(.

% Lou in 48 Hn;PaeDa#Tt
Method B

1G0'C Heat Tetst: Condition Hand tamped

% Loss, lit 46 Hri'1. Confined No

% Loss, 2nd AS His 1.4 Deraity, gm/cc 1.52

Expiosion In 100 Hi's Nonet Orisonce, % TNT ill

Defenetla Rate: (d
PF.6.ameblity Ind~em: 178 Conf inement None

Condition Hand tamped
1,1yoreecaicity: % 3o0c. 95% IUI 0.55 Charge CUiameter, In. 1.0

VO 1W: 20,5dy .0Density, gm/cc 1.57
Volelll: 2 0C,5 dyc .00Rate, meters/second 7660
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AMCP 7064177 Composition C-2

Feolimets~l.m Test: shep"d Cher&* Ifftetivoosse, TNT 100:

90 mat HE, M71 Projectile, Lot WC-91: Glos Cones Steel Cones
Density, gm/cc Hole Volume
Charge Wt, lb Hole Depth

Total No. of Fieglments: Coler:
For TNTWht
For Subject HE

P,4adpe Used: PIr~stic demolition explosive
3 Inch HE. M42AI Projectile, Lot KC-S:

Donsity, gm/cc
Charge Wt, lb

Total No. eE Frogments: 9LangHndtpd
For TNTMah ofLolalHadtme

For Subject HE 
_____________________________________

Yiegiwent Voelocty: ft/sec
At 9 ft
At 2514 ft Slopeag..
Density, gm/cc

Method Dry

S~leet (Relative to TNT) Hazard Close (Quantlty.Dlstonce) Class 9

Air: Compatibility Group Group I
Peak Pressure
Impulse Exudation Volatilizes above 520C
Energy____________________________

Air, Cesfined: Plasticity,
Impulse Below 00C Plastic (-300C)

0-1400C Plastic
tUadeu Waere. above, 400c Herd (52 0 C)*

Peok Pressure
Impulse *Due to volitalization of plasticizer.

EnergyReferences:

Undergound:Seo references for Composition c-4.
Peak Pressure
Impulse
Energy
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AMCP 706-177

Composti: Meeculc Wmlpst: C-"

RDX 77 Oxygen Balance:
Tetry). 3 CO%
TNTI.C %
DNT 10
MNT 5 Density: gm/-c
NC I

Melting Point: "C

C/H Ratio Freesang Pelnt: 'C

Impect Sensitivity, 2 Kg We: slling Peit: 1C
Bureau of Mines Apparatus, cm 100+

Sample Wt 20 mg Reiractive lonjx, no"
Picotinny Arsenal Apparatus, in. 1.4

Sample Wt, mg 33 n.

Friction Pendulum Tesh Vacuum Stability Test:

Steel Shoe Unaffected cc/40 Hrs, at

Fiber Shoe Unaffected 90C /
1O0"C 1.21

Rifle IBullt Impact Test: Triolh 120*C 11+ -"
% 135*C /Explosions 0n10C

Partials 0I0C
Burned 0 200 Gram Bomb Soud Test:

Unaffected 60 Sand, gm 53.1.

Explosion Temperature: *C Sensitivity to Initiletwoe:

Seconds, 0, 1 (no cop used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Decomp•ses 280 Lead Azide j.20

10 Tetryi 0.08
is

20 *ellistic Matter, % TNtt: (a) 126

Trouzl Test, % TNT: (b) 117
75'C Intoneationel Heat Teste lt et et c

% Loss in 48 Hris Plot Dent Test: (c)
Method B

10Q*C Heat Test: Condition Hand tamped

% Loss, 1st 48 Hirs 3.20 Confined No

% Loss, 2nd 48 Hrs 1.63 Density, gm/cc 1.5 T

Explosion in 100 Hrs None Brisonce, % TNT 118

SDetonatio Rate: (d)
Flammability Index: Confinement None

Condition Hand tamped
HygrOSCOpicIty: % 300 C, 95% RH 2.4 Charge Diameter, in. 1.0

Density, gm/cc 1.60
Volatility: 25 0

C, 5 de."s 1.15 Rate, meters/second T625
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I

AMCP 706-177 C. onition C-3

FngM*t**mZ*1 Test: Shaped "her"e iff"sten4e ,TNT = 100:

% mm Hi, M71 Projectile, Lot WC-91: Gloss Cones Steel Cones

Density, gm/cc 158 Hole Volume

Charge Wt, lb 2045 Hl,21 Depth

Tetel No. of Fragments-
For TNT T03

For SUbject HE 944• Principal Use: Plastic demolition explosive

3 inc HIE, M42AI Projectille, Let KC".:

Density, gm/cc 1.60

Charge Wt, lb o.842

Tetal Ne. of Frlments: M eof Loeedhe: Hand tamped

For TNT 514
For Subject HE 671

l.__llading Ods: e m/cc 1.58

Fregmn'nt VeloWly: ft/sec
At 9 ft
At 25yj ft Eteee:
Density, gm/cc

Method

Blest (Rsetive to TNT). Hazard Class (Quontlty.Distance) Class 9

Ain Compatibility Gvoi. Group I
Peak Pressure 105
Inipulse 109 Exudation Exudes at 7TOC

Energy

Air, Confimml: Plasticity:

Impulse Below 00C Hard (-29 0C)
O-4oOC Plastic

Under Water: Above 40c Exudes (TroC)
Peak Pressure
Impulse Booster Sensitivity Test: (h)

Energy Condit$on Pr~seed
Tetryl, gm 100

Undargreind. Wax, in. for 50% Detonation 1. 36
Peak Pressure Density, gm/cc 1.62
Impulse References:

Energy

See references for Composition C-4.
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Compoaition C-4 AMCP 706-177

Copoetiou: M.eaeck, Weight:

RDX 91 Oxygen Baleence:
CO, %

Plastlctizer, non- CO %
exPlosive 9Density: gm/cc

• Contains polyisobutylene 2.1%; motor oil
1.6% and di(2-ethylhexyl) sebacete 5.3%. Melting Point: 'C

C/H Ratio Frenieul Point: 'C

Impact Sensitivity, 2 Kg Wt: oioling Pola•t: *C
Bureau of Mines Apparatus, cm 100+

Sample Wt 20 mg 4f-ective lWaex, no,
Picotinny Arsenal Apparatus, in. 19 o

Sample Wt, mg 27 no
n..

Friction Pendulum Test: Vacuum Stebility Tes:

Steel Shoo Unaffected cc/40 Hrs, at

Fiber Shoe Unaffected 90'C

1001C 0.26
Miflk Wullert 4ptt Test: Trials 120C

% 135'C
Exp'csions 0

Portial* 0 150C

Burned 20 200 Grema Bomb Send Test:

Unaffected 80 Sand, gm 55.7

Explosion Temsperetsur : C Sensi '.ity to Initatieom:

Secotids, 0.1 (no cr.p used) Mii num Detonaoting Charge, gm

I Mercury Fulninate
5 290 Led Aide 0.20

10 Tetryl 0.10

15
20 BalelIstlc Meter, % TNT: (a) 130

TYreal Test, % TNT:
WC Internationel Host Test: Ple Dent Tet.% Loss in 48 Hrs Mqetho Wen TBt C)-•

Me~thod

100'C Heat Test: Condition Hbnd tamped

9( Loss, Ist 48 Hrs 0.13 Confined No

% Loss, 2rn 48 Hrs 0.00 Density, gm/cc 1.60

Explosion in 100 Hrs None Brisance, % TNT 115

D0t106et6. Rete: (d)
FlemmeblUty Index: Conf:nenent None

Condition Haend tamped
Hygretcopkity: 9% 30 0C, 95% RH Nil Charge Diameter, in. 1.0

Votity: Density. gm/cc 1.59

Ve Rate, .nctitr/socond A0
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AMCP 706-177 Composition c-4

Fglmeetlien Teo: Sheped Cheare EIfectivases, TNT 100:

90 mm HE, M71 Prjectile, LeO WC-91: GIou Canes Steel Cones

Density, grr/cc Hole Volume

Charge Wt, lb Hole Depth

Teoel No. *1 Fregments: CoIlr. Light brown

For TNT

For Subject HE
Pri.ipeI UWse: Plastic demoliti'3n explosive

3 eack HE, M42AI Projectile, Le KC-$:

Density, gmincc

Charge Wt, lb

Tetel No. *0 Fllmmoeh: moth" of, Leedis: Hand tamped

For TNT

For Subject HE

Loa.ding boeutyt: gm/cc 1.60

Fragmeat Volocit,: ft/sec
At 9 ft
At 25V.. ft Steisge:

Density, gmn/cc
Method Dry

$li0t (Reletive to TNT): Hazard Class (Quantity-Distance) Class 9

Air: Compatibility Group Group I

Peak Pressure

Impilso Exudation None at 77 0'C

Energy

Air, Coall Effect of Temperature on (i)
Imnpulse Rate of Detonation:

16 hra at, °C -54 21
Ueder Wate,: Density, gm/cc 1.36 1.35

Peak Pressure Rate, m/sec 7020 "w4O
Impulse

Energy Plesti ci•'.:

Below 00 C Plastic (-5T0 C)
Udegla l"as: O-hO°C Plastic

Peak Pressure Above 40 0
C Plastic (77

0
C)

Impulse

Energy

60
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Compositions C, C-2, c-3, c-4 AMCP 706-177

Preparat' on:

In manufacturing Composition C-3, the mixed plasticizing agent is heated in a melting kettle
at 100

0
C. Water-wet RDX is added and heating and stirring are continued until all the water is

evaporated. This mixture is then cooled and hand pressed into demolition blocks or special item
ammunition.

Composition C-4 in prepared by hand kneading and rolling, or in a Schrader Bowl mixer, RDX
of 44 micron size or less with the polyisobutylene-plasticizer previously made up in ether. The
thoroughly blended explosive is dried in air at 60

0
C and loosely packed by hand tamping to its

maximum density.

Origin:

Developed by the British during World War II as a plastic explosive which could be hand
shaped. It was standardized in the United States during World War II and subsequent development
led to mixtures designated C-2, C-3 and C-4.

Destruction by Chemical Decomposition:

Composition C-3 is decomposed by addinZ it slowly to a solution composed of 1 1/4 parts
sodium hydroydde, 11 parts water, and 4 parts 95% alcohol heated to 50

0
C. After addition of

Composition C-3 is complete, the solution is heated to 80 C and maintained at this temperature
for 15 minutes.

References: 11

(a) Committee of Div 2 and 8, NDRC, Report on HBX and Tritonal, OSED No. 5406, 31 July 1945.

(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revision,
NAVORD Report No. 87-46, 26 July 1946.

(c) D. P. MacDougall, Methods of Physical Testing, 03RD Report No. 803, 11 August 1942.

L. C. Smith and E. 0. Fyster, Physical Testing of Explosives, Part III - Miscellaneous
Sensitivity Tests; Performance Te7tý , OSRD Report No. 5746, 27 December 1'45.

(d) G. H. Messerly, The Rate of Detonation of Various Explosive Compounds, OSRD Report No.

1219, 22 February 1943.

M. D. Hurwitz, The Rate of Detonation of Various Comi-ounls and Mixtures, OSRI) Report No.
5611, 15 January 1946.

(a) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Tech Liv Lecture, 9 April
1948.

(.) Eastern Laboratory, du Pont, Investigation of Cavity Effect.,Sec III, Variation of Cavi-
ty Effect with Explosive Co-. I tiol. ND-RC Contract W672-ORD-5723.

(g) Eastern Laboratory, a, Pont, Investigation of Cavity Effect, Finnl Report, 18 September
1943, NDRC Contract W-672-ORD-5723.

(h) L. C. Smith and S. R. Walton, A Consideration of RDX/Wnx Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949.

'ISee footnote 1, page 10.
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AMCP 706177
CoMPo4iti nP-C, C-2, 0.3, c-',,

(±) W. F. Mczarry and T. W. Stevens, L•toration Rat-t of the More Inmortant Military nplo-
sives at Several Temperaturea, PATR No. 2A33, Nowemoer 195637

(0) Also see the following Picatinny Arsenal Technlcal Reports on RDX Composition C;

o0 28

£2- 6o ,J293 1518
1838

21293 .416 1518
1611 1713 2154 1595 i1Zi6 1797 1518

M695 1556 2028
1885 176 6

comp 0-4 1766 1907 1828 1819
1958
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Cope 0hrtt-,o. AMCP 70&-177

Comps~pitions: Ms~ecgul Weight: (CuCANC1 2) 2T1

C 8.9 N -N OXY94M 6Be46fc.~e
ii Cci 1.02 % -30

N 141.5 N - CO % .18
CU-

C1 26.~ k, N w-Q1mj/cc 2.o14
Cu 23.4 N _________________

C/H Ratio vr~tzh~q FOOPt. 'C

Impact' Sonsitivity, 2 Kg Wti "ki1ng Poin~ts *C
Buweu of Mines Apparatus, cm

Sample Wt 20 mg Rilractive Woue~, nO.
Plcutinny Arsaniw Apparatus, in. 1, 0. 10 wt) 3 n

Sample Wt, mig 9 %

* Friction poncluhunk Tests vacw~v S1";s,.Uy Tvct
Steel Shoao LVcpoded cc/40 Mti, it

*Fiber Shooe Exploded 901C

kill* 11mllet Imp~act Test: Trials

Buen~d 20 o'-a illomb SamidToot: M~

Seconds, 0. 1 (no cap us4d) Minimum CU.teawti.- Charge, gm
I Mercury Fulminate
5351cod Aside 0.20 0. 30

10 Tatryl 0.10
Is
20 1111480hec IAvrt-, % TNT.

- -Tmaoxi Test, % TNT-.
75*C lustemationei Hleat Test: --

96Los4 In 48 Hrs Plate Det Test:
Mothnd

iOO0C Hoot Tests focdlitiao,

"% Loss, lit 48 Hri ' ' ý.anfined

"* Lous, 2nd 48 Hri 0.110 Density, gm/ut-

Lcpiosion In 100 Hrs Non* O&'sance, %6 TNT

Flammability I1"des: Cacfinoment

Hyrs~scopkitiy: %6 301C, 90% FI' 3.1 Charge Liionnmter, In.
____________-- Density, je/c

Volatlity fla', mters/se,±nnvi
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AMCP 706-177 Coper Chlorotetrazole

Frgmeattleln Test: Shaped Charge Effectivenes, TNT = 100:

90 owm H M71 Projectile, Lt WC-91h GIG" Cones Steel Cones

Density, gm/c- Hol6 Volume

Charge Wt, lb Hole Depth

T61ol No. el Fregments: Cal": Blue
For TNT
For Subj)ct HE

Principel UseM: Primry explicsve

3 ink HE, M42A1 Projfotile, Let KC-3:
Density, gm/cc
Charge Wt, lb

Total Me. of Frelmenh, Method of Leeding: Pressed

For TNT
/ For Subject HE Loeding Dens•ty: gm/cc psi x 103 (c)

10 20 40 7O
Frememt Veleoty: ft/sec 1.49 1.63 1.74 i.86

At 9 ft
At 25V ft Steorge:
Density, gm/cc

Method Wet

Ilest (Relative to TNTH Hazard Class (Quantity-Distonce) Clea 9

Akli Cc.patibillty Group Group MI
Peak Presure
Impulse Exudation Nore

Energy

Ai,, C.•tn.i Stab Sensitivity-: (c)
Impulse Density Firing Point (imoh-ounces)

Under Wet,: gm/cL

Peak Pressure 1.49 9 11 15
Impulse 1.63 8.5 10 12

1.74e 6 7 9
Energy 1.86 4 5 6

Underground: Heat of:
Peak Pretsure

Impulse Explosion, cal/gm 432

Energy Specific Heat, cal/gmn/°C

Temq range 00-30°C 0.155
Wt of sample, gm 0,8910
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Copper Chlorotetrszole AMCP 706-177

Preparation: (a)

Five grams of 5-aminotetrazole are dissolved in a mixture of 200 ml of water and 70 ml of
concentrated HCl. Enough kerosene or nujol (which gives a slightly cleaner product) is added
to provide a layer of oil approximately 1/4" thick on the surface. With only moderate stirring
and external cooling to 100 -15 0 C, a solution of 5 grams of sodium nitrite in 70 cc of water is
added rapidly by means of a burette extending below the oil layer. Immediately after this addi-
tion, a solution of 5 gas of cupric chloride in a minimum amount of water is added all at once,
and stirring is continued for about 1 hour. The reaction mixture is allowed to stand for a few
minutes till the bright blue copper salt separates. The oil is removed by decantation and may
be reused. The salt is filtered; washed with water, alcohol, and ether; and dried - giving a
yield of 6 grams or 74%.

H H

N NN N-N

N 
.-1 N - N

[lN cc 1  S . L.... N/

Origin:

The copper salt of 5-chlorotetrazole was first described in 1929 by R. Stolles (with
E. Schick, F. Henke-Stark and L. Krause) who prepared the compound by reaction of the diazo-
nium chloride of 5-aminotetrazole with copper chloride (Ber 62A, 1123).

References: 12

(a) R. J. Oaughran and J. V. R. Kaufmn, Synthesis and Properties of Halotetrazole Salts,
PATR No. 2136, February 1955.

(b) A. M. Anzalone, J. E. Abel knd A. C. Forsyth, Characteristics of Explosive Substances
for Application in Ammunition, PATR No. 2179, MAy 1955.

"(c) A. C. Forsyth, Pfc, S. Krasner and R. J, Gaughran, Development of Optimum Explosive
Trains. An investigation Concerning Stab Sensitivity versus Loading Density of Some Initiating
Compounds, PATR No. 214b6, February 1955.

12
See footnote 1, page 10.
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AMCP 706-177 Cyanur4 c Triazide

Comwposition'. Moleculer Wegihs: (L ý1 2 ) n0li

c 17.6 NOxygen Woosene:
I ~CO~ % 25

N U~. 4 CU -2.

/ \N Density: gm/cc Crystal 1.54s

-s- N MAlINS Point: *C 914

C/H Ratio NN' FroezIng Point: *C

Inipect Seesitivity, 2 Kf Wt: "oIla's Point: *C
Bureau of Mines Appa-ratus, cm I k9 wt T

Sample Wt 20 mg Refractive Index, n 3
Picotinny Arsenal Apparatus, in. -

Sample Wt, mg n1a
n

Friction Pmndulumn Test Vecuuns Stability Test:
Steel Shoe cc/40 Hrs, at
Fiber Shoe 901C

1001C
Rifle Buollet Impect Teet: Trials 120*C

Explosions 1350C
Partial$ O
Burned 200 Gram Bomb 31end Teast:

Un ISand, gm 32.2
Explosion Temperosuhe:- Sensitivity te Initiation,

Seconds, 0. 1 (no cop used) 252 Minimum Detonating Charge, gm
1 Mercury Fulminate
5 Leoad Aide 0.20

10 Tetryl 0.10

20 SUeklldk Metter, %. TNT:
- Toesuui Teow, % TNT:

W5C International Hest Test: Plt Dea Test:
% Loss In '48 Hrs Mto

100'C Heat Tes: onito
% Los, 1t 48HrsConfined

"% Loss, lit 48 Hn; Density, gm/cc

Explosion in 100 HrsBrsneTN

Detonation Rate:
Flanmmebility Inode: Confinement

Hygroecopicity:- % Charge Diameater, in. 0.3

Volatility: Dlecomsposes above 1000C Density, gni/cc 1.15
Rote, meters/seond 5550-5600
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Cyanuric Triazide AMCP 706177

Frogmetsleoe Tes: Sheaped Charge Iffectivemesk TNT = 100:

9Cmo HE, M71 Projectlle, Let WC-91 Gloss Cones Steel Cones

Density, gm/cc Hole Volume

Charge Wl, lb Hole Depth

Total Ne. el Frolmeats: Cak. Col~orless

For TNT
For Subject HE

PrIscipel Umes. Not used because of difficulty

3 lach HE, M42AI Projectile, Let KC-S: in 2ontrolling sensitivity.

"Density, gm/cc

Charge WI, lb

Total No. of Frolments: Method of Loaldng: Pressed

For TNT

For Subject HE
"Lo•d•ng Density: gm/cc

At 200 atmospheres I.AFregmnat Velecity: ft/sec At 800 atmospheres 1.-
At 9 ft
At 25½ ft Storie:
Density, gm/cc

Method

Blest (Relative to TNT: Hazard Clan (Quantlty.Dhltance) Class. 9

Ak.e Compatibility Group -

Peak Pressure

Impulse Exudation None

Energy

Air, Coefine-:
Impulse

Umlef Water.
Peak Pressure

Impulse
Energy

Underlteavnd:
Peak Pressure
Impulse
Energy
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AMCP 706-177 CYsnuric TrIazide

Preparation:

By the reaction of cyanuric chloride with an aqueous solution of sodium azildo:

Cl-C C-C1 N -C C-N
II 4 3Na&N3  3 3 + 3NaCl

3 N C/N

Cl N3

Recryatallization should be uvoided as it leads to v,-y larv;e ttyatAls which explode when
oroken.

Cyanuric Triazide w•s prepared in 1847 by Cahours from chlorine and mathyl cysnate.
Later James improved the process (JCS L, '268 (1887) and in 1921 E. Ott patented the prepars-
tion from cyanuric chloride and sodium azide (RPf b) Taylor and Rinkenbach prepared cyanuric
triazide in a pure state and d&serzined its properties (Ref c).

.• 3.ni tleting Efficiency:"

Reported to be more efficient than lead azide. Capablfe of inItiating Explosive D.

Solubility:

Insolable in water, readily soluble in hot ethainol, acetone, berizev .nd ethar.

Heat of:

Formation, cal/9m -1090 to -1138

fleferences: 13

(a) A. H. Blatt, Compilation of Data on Organic .xplosives, OSRD Report No. 014,
;9 February 1944.

(b) Ott and Ohne, Ber 54, 179 (1921).

(c) Taylor and Rinkenbach, Bureau of Mines, RI 2513 (1923).

Thylor and Rinkenbach, J Frank. Inst 204, 369 (1.927).

.ii. foot•t•l 1 , page 10.
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Cyclonite* (RnX) AMCP 706-177

C.ompttien, Mol eculs" Weight: (C3H6N6 06 ) 22

C 16.3 O2 --N' --NO• Oxygen belance:
/ CO.,% -C2

Hl 2.r H2  CO% 0.0

N 37.8 N Density: gm/cc Cystl 1.82

0 43.2 NO2  Meltn Point: *C 204

C/H Ratio 0.095 .Freezing Point: "C

Imnpact Sensitivity, 2 Kg Wt: "Itline Point: C
Bureou of Mines Apparatus, cm 32

Sample Wt 20 mg Refrective Index, nc.
Picotinny Arsenal Apparatus, in. 8

Sample Wt, mg 18 "55

no,

Friction Pendulum Test: Vecuuni Stebility Test:

Steel Shoe Explodes cc/40 I-Irs, at

Fiber Shoe Unuaf'ected VO'C
100"C 0.7

Rifle Bullet Impect Test: Trials 1201C 0.9

% 1351C
Exlso$101501C 

2.5
Partial& 0

Burned 0 200 Grem temb Send Test:

Unaffected 0 Sand, gm 60.2

Explosion Temperaeture: C Sensitivity to Initletioe:
Seconds, 0. 1 (no cap used) 405 Minimum Detonating Charge, gm

1 316 Mercury Fulminate 0.19*
5 Decumpoies 260 Lead AMide 0.05*

10 240 Tet

15 235 lenrtive initinting chargeg.

20 Ballistic Moater, % TNT: (a) 150

T~vusl Test, % TNTi (b) 157
75'C liaternetienel Heat Test:

% Loss in 48 Hrs 0.03 Pleto Dent Test: (A)Method A./

100'C Heat Test: Condition Pressed

% Loss, 1st 48 Hrs 0.04 Confined Yes

% Loss, 2nd 48 HIrs 0.00 Density, gm/cc 1.50

Explosion in 100 Hrs None Brisance, % TNT 135

- stonation Rates
Flommebility Index: (d) 278 Confinement None

Condition Proesed
HylroscopIcity: % 25

0
C, 100% 1111 0.02 Charge Diameter, In. 1.0

Density, gm/cc 1.65
Volotility: Nil Rate, meters/second 81,/

*Name given by Clarence J. Bain of' Picatinny Arsenal. Germans call it Hexogen; Italians call
it T4; British, RDX.
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AMCP 706-177 Cyclonite (RDX)

hootter Sensitivity Test: Decompositlon Equation: (W !
Condition Oxygen, atoms/sec 1018-5
Tetryl, gm (Z/sec)Heat, ki loco lor*/ male iT.5
Wax, in. for 50% Detonation (AH, ki'ol/mol)

Wax, gm Temperoture Range, "C 213-299

Density, gm/cc Phase Liquid

Heat of:
Combustion, cal/gm 2285 Arie, Plate Imiect Tes:

Explosia.,, cal/gmn 1280 60 mm Mortar Projectile:

Gas Volume, cc/gm 908 50% Inert, Velocity, ft/sec

Formation, col/gm -96 Aluminum Finenena
Solution, cas./mol (28-55, HNO3) 7. 1 69 "

*Assuming cyclonite uni,.olecul1* 500-1b General Purpose Bombs:

5$w€lfic heat: col/gm/'C
0 C o.0C Plate Th-ickness, inches

20 o.0298 100 o.4o6
4o 0.331 120 o.142'! ¼r
60 0.360 1140o o.446
80 o.384

Uumrning Rate:
cma/sec

Bomb Drop Test:

Thermal Conduwilvity, (h) -4 17, 2000-1b .Sawl-Arsor-Plerclng Bomb vs Concrete:
cal/sec/cm/'C 1.263 6.91 x 104
Density, gn)/c 1.5233_ 6.98 x 10-4

Coefficient of Esponslan: Max Safe Drop, ft

Linear, %/'C 500-lb General Purpose Bomb vs Concrete:

Volume, %/'C Height, ft

Trials
Iterdnees, Make' ScOe: 2.5 Unaffected

l~OW Order""

Young's kodulus: 
Hig Order

E', dynes/cmra High Order

E, b/inch' 1000-lb General Purpoee lomb vs Concrete:

Density, gm/cc

Height, ft

Compressive Strength: lb/inch' Trials

Unaffected

Vapor Pressure: Low Order
"C mm Mercury High Order
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AX•CP 706-177
Cyclonite (RDx)

Fregmentation Test: Shaped Charge Effectlvesess, TNT = 100:

90 mm HI. M71 Projectile, Lot WC-91: Gloss Cones Steel Comes
Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Totel No. of Fc*gmens:

For TNT

For Subject HE
Principal Uses: Detonator base charge, and

S3 lack HE, M42AI Projectile, Lot KC-t ingredient for projectile aid
bomb fillers

Density, gmn/cc
Charge Wt, lb

Total No. of Fragments: Method of Loadln: Pressed

For TNT

For Subject HE

Loading Density: gm/cc psi x 103
3 5 10 12 15 20

Fragment Velocity: ft/sec 1.6 1.52 1.6o 1.63 1.65 1.68
At 9 ft
At 251/2 ft Storage:
Density, gm/cc

Method Wet

slkit MReletlve to TNT): Hazard Cloue (Quantity-Distonce) Class 9

Air: Compatibility Group Group M (wet)
Peak PresSure Group L (dry)

Impulse Exudation None

Energy

Effect of Temperature on
Air, Conflied: Rate of Detonation: (k)Impul"l

16 hrs at, °C -54 21
Under Water- Density, gm/cc 1.61 1.62

Peak Pressure Rate, m/see 8100 8050
impulse Effeut of Temperature on
Energy Impact Sensiti-vity:

Underground: Temp. PA Impact Test
Peak Pressure °C_ 2Kg Wt, inches

Impulse
Room 9

Energy 32.2 8

ol4 5
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I
AMCP 700-177 Cyclonite (RDX)

Solubility of Cyclonite; gm/100 gm of the following oubstances: (J)

Water• Alcohol, Acetone Benzen. Toluene

-c 0
30 0.005 0o 0 o 10 20 0.05 0 0.01550 0.025 20 0.105 20 7.3 40 0.09 20 0.0270 0.076 4o 0.240 40 11.5 60 O.20 40 0.0590 0.19 60 0.579 6o 18. 80 o.41 60 0.13100 0.28 78 1.195 80 0.30

Crbo loo00 0.65
Ethyl acetate tetrachloride Methanol Ether TNTOC 29 -° 29 __L !9- A• °C -

28 2.9 50 0.005 0 o.14 10 0.05 8o94 18. 6o 0.007 20 0.23 20 0.056 85 5.0
70 0.009 4o 0.47 30 0.076 90 5.55

6o 1.1 95 6.2
100 7.o
105 7.9

El _et M-thyo ,Tethl Trichloro-alcohol acetate acetate Chlorobenzene ethylene
ac. - oi _ _21 _k c i° -LC 0
0 0.02 20 2.9 20 0.15 20 0.33 20 0.2020 0.03 30 3.3 30 0.16 30 0.44 30 0.224o 0.065 40 4.1 40 0.19 40 0.56 40 0.2460 0.22 50 5.6 50 0.25 50 0.74 5o 0.26

8o o.94
100 1.35

Tetra- spo
chioroethane panol Isobutanol Chloroform Mesityloxide

2.9 -Q _ O _L- 2-c- ° i38 0.09 38 0.18 2U 0.0 20 0.01 27 3.2
97 12.2

Cyclo- Nitro- Nitro-. ycl-o-hexanone renzene ethane pentanone Acetonitrile

oc _L i.C A oC •.• oC _ o(c2512.7 25 1.5 3 * 1.5 -d 172
97 25 97 12.4 93 19 90 37 82 33

Methyl ethyl] ketone

oc

95 14
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Cyolornite (Rnx) AMU- 106-177

Solubility of Cyclonit~e, Holston Lot E-2-5 ir Various Solvents:

So lubiity

Solvent

Boiling
Point, Grade or

Solvent 0c- • 280c Heated 'rystalline Form

Acetone 56 CP 8.2 16.5 at 60°C hexagonal-thick
Cyclohoxnno'li 155.6 cP 13,0 24.0 at 930C cubic (massive form)
Nitromethane 100.8 1.5 12.I at 97oC plates
Acetonitrile 81.6 Miacet 11.3 33.4 at 930 C plAtes

Chem. Co.
1-Ni3. op'opane 126.5 m( Pract 1.4 10.6 at 930 C short needles
2-Nitropropane 120 EK Pract 2.3 11.6 at 93 0 C short needles
2, 4 -Pertanedione 140.5 Carbide & 2.9 18.3 at 930 C flat prisms

Carbon
"Methylisobutylketone 115.8 2.4 9.6 at 930 C long prisms
n-Prcpylacetate 101.6 EM Red lzbel 1.5 6.0 at 930C long prisms, someS~~cubic,.
n-butylforuat6 105.6 EK Red Label 1.4 4.6 at 930C long prisms
Ethyl acetate 77.1 Baker's CP 2.0 6.1 at boil. hexagonal plates
n-Propylpropionate 121 EK Red Label 0.8 1.6 at 93

0
C short prisms, some

cubic
butylacetate 126.5 ZK Technical 1.1 4.o at 930C long prisms
Methylethylketone 79.6 5,6 13.9 at boll. coarse plates
Nitroethane 114.2 EK Red Label 3.6 19.5 at 930C plates
Isopropylacetate 88-90 CP 1.1 3.2 at boil. long prisms
Mesityloxide 128 EK Red Label 4.8 14.5 at 93

0
C plates

n-Amylacetate ib6 CP 1.0 2.1 at 93°C prisms N
Dimethylcarbonate 88-91 EK Red Label 1,.4 6.6 e, boil. platea r

Diethylcarbonate 125-126.5 EK Red Label 0.7 3." .'- 9300 prisms
Isoaraylacetate 232 CP 1.2 ý.6 at 930 C prisms
Ethylpropionate 98-100 EX Red Lab-ai 3.0 10.7 at 930 C fairly thick hex

plates

Methyl-n-butyrate 101,5-103.5 EK Red Label 1.2 4.9 at 930C needles
Cyclopentanoni 130.6 EK Red Label 11.5 39.0 at 93.50C hexagonal plates
Acrylonitrile 77.3 Cyanamid Co. 4.o 16.4 at boJi. flat plates
Methylcellosolveacetate I44. Carbide & 1.6 8.8 at 9 3'C massive hexagons and

CQrbon prisms

* EK, Eastman Kodak; Pract, practical.
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AMCP 706-177 5yclonlte (RDX)

Prepaxr tion:

(Summary Technical Report of the U'DRC, Div 8, Vol 1)

/02

N

(CH2 )6 N + ',4HN + 2N LNC 0 6( 3 CO) 2 0 1 1 2
02 N -- N N- NO2

2
Ammonlum nitrate and a-etIc anhydridx arm placed in a fnaak and, while the mixture is stirred

at 750 C, the following tlree liquids are introduced concurrently and ;roportionately: acetic en-
hydride, concentrated nitric acid, and a solution of hexami.:v In L.icial acetic acid. The final
mixture is held :'or a short time at 750C, diluted with water to 30% acetic acid, and ai- ered to
hdrolyze unstable reaction by-producta, which are a mixture of various nitrated and acetylated
deriwatives of he;.amine fragonts. Afttir simneving, the slurry is cooled and the precipitated
cyclonite r"moed by filtration. The yiel4 is 7-% of the theoretical amount (2 mole:) of cyclo-
nits uelting at 1990 C. By dissolving the aeonium nitrate in the nitric acid, a continuous pro-
cesa, based on 3 liquids, is pesaible.

The rroduct is recrystallized from acetono, or cyclohearnone, .o (a) remove acidity, (b)
controil particle size and ,'c) to produce stable d-MO4X. The preparative procedure described
above, the Bkchamnn or Coi ination process, ylelde cyclonite containlng 3-8% W•1.

Origin?

First prepared by Hennirq in 1899 (Germ. Patent io4,28o) and later by Von Hertz kU. S.
Patent 1, )02.693) in 1922 %no recognized its value as an explosive. Not used on a large scale
in explosi',e anittion unti. World War 11.

Destruction by Chemical Decomrpsition:

Cyclonite (PDX) is decompoaed by adding it slowly to 25 tirns its wight of boiling 5% sodium
hydroxide. Boiling sbould be continued for ore-balf hour.

References:14

(a) L. C. -mith and E. G. Eyster, Tof I Xlo "ve Part III - Miscellaneous
Sensitivity Tests; Performnnce Tests, OD po •74Z e ct2N2ee 1945.

(b) Ph. Neoum, Y, Res Schiess Serenastoffv, pp. 181, 229, 26T (22T Junu 1932).

(c) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. a03, 11 August 1942.

(d) Philip C. Keenan and Dorothy Pipes, Table of :ilitary High Explosivea, Second Revision,
NA"ORD Report No. 8T-46, 26 .Tuly 1946.

.•See footnot:e 1, page io.
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AMCP 706-177

Se) A uaimiit. Researrh Department (Woolvich), lb•itt o RDX In Nitric Acid (Aind Exp Rpt

423 ieptember 1943).

(f) Recport AC-2587.

( I) nterno•to1ritlca.l lubleu
Land. Bornst.

1B. T. Fedoroff at &I, A %anuvA. for 1losiveg Laboramtorie, LcIfx lociety Inc, Phila-
delphia, 1943.6.

.== • - (h) E. Hutchinvon, Thn Thermal nrinitlveness -3f Exl.ojive,'j. The Therml Conductivity of
Explosive M~aterials., AC~WFrt tlpot Au AuI'.

(i) R. J. Finkelstein and G. Gamov, Theo• of the r-tonaiton Prome3, NAVORD Report No. 90-
46, 20 April 1947.

(J) Xnterrnatiwol Critical T~bler.

(k) W. F. McGarr• nnd T. W. Gt•.wen, , tonal o.n %•tep of the More Imor' Ant Mill ery Explo-
-.." •I•sivcz at Severml Different Temperatures, JAiH No. 233, November 1956.-

(1) Also see t~ta follovirk1 Picatihxi Arsenal Wchnical Rk-portm n G/clonite:

4. 2
1170 1211 532 863 1184 65 12V6 e,57 23.38 709
1290 1241 134ý 1193 141•4 11T5 1316 1207 14,58 1379
1360 1311 1352 1293 1-5 le5 14-16 0)7'T L498 14291450 14I1 1372 1433 161 135 2,446 143 .578 1449
1760 1481 1402 1483 1634 1445 1466 15).7 1838 1469
19% 1.56 1452 1503 2024 1(15 1476 1611 1958 1709
2100 1611 14K) 169.3 2154 1855 L5i6 1667 195S 1909

1.651. 1532 1713 2204 1665 1556 ,737 2008 2059
174•. -."62 1793 1915 1756 17LT 2028 2179
1751 2112 1923 1)35 !'f66 ,I7O" 2178
"1761 2095 17,6 1797 P198
2131 2125 1836 i9,"
"2151 M25 1936 ?;14T

1956 2L27

2176

75
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AMCP 706-177 cyclotol, 75/25

Composition: Meleculea Weight: 224

Oxygen elaence:
RDX 75 CO, % -35

CO% - 6
ATNT 25

Density: gm/cc Cost 1.71

Making Point: 1C

C/H Ratio Freeslug Point: *C

Impect Sensitiv/it, 2 Kg Wt: Boiling Point: C
Sureou of Mines Apparatus, cm

Sample Wt 20 mg Refrective Index., moo
Picotinny Arsenal Apparatus, in.

Sample Wt, mg n
n 0

friction Pendulum Test: V ebslety Tet:

Steel Shoe Unaffected cc/40 Hrs, at

Fiber Shoe Unaffected 901C
10•oC 0.23

Rifke sullet Impect Test: Trials 120'C 0.23

% 13'C -o

Explosions 30

Partials sokei 40 150"C

Burned 0 200 Gram. Uerb Send Teot:
Unaffected 30 Sand, gm

Explos•on Temperature: C Seustsluty to Initiatin:
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

5 Mercury Fulminate

0 Leoad Aside
10 Tetryl

20 lellatI•t Meater, % TNT:

Troual Teo, % TNT:
71C lnter"neloel1 Heat Test: T

% Loss in 48 Hrs Plat Dent Too:

Method

100' C HeeNt Test: Condition

% Loss, Ist 48 Hrs Confined

% Loss, 2nd 48 Hrs Density, gm/cc

Explosion in 100 Hrs Brison'e, % TNT

Dsteeoetion e:

Flemmablity Index: Confinement hone None

Condition Cast Cast
Hygrlmcelclty: % Charge Diameter, in. 1.0 1.0

Density, gm/cc 1.70 1..71
VoetlIlty: Rote, meters/second 8035 7q38

71;
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CYclotol, 75/25 AMCP 706-177

3eos $ei Sensitivit Teoo Iecempositlem squotlo:
Condition Oxygen, atoms/sec
Tetryl, gm (Z/sec)

Heat, kilocolorle/mole
Wax, in. for 50% Detonation (CH, kcol/mol)
Wax, gm Temperature Range, *C

Density, gm/cc Phase

Heat of:
Comb, %tion, col/gm 2625* Armer Pis Impact Test:

Explosio.1, cal/gm 1227X 60 mm Metter Projectilot
Gas Volume, cc/gm 862 50% Inert, Velocity, ft/sec

Formation, cal/gm Aluminum Fineness
Fusion, col/gm (h) 5.0

*Calculated from composition of mixture. 5004-b Generl Purpoem Bombs:
Specific Heet: cul/gm/C. (h)
0.C 0C Ploe Thickness, inches

-75 0.220 75 0.352 1
0 0.225 85 0.325 114

25 0,254 90 0.332
50 o.296 100 0.351

Burning Rate:
cm/sec

_______________________________ Bomb Drop Test:

Thermal Conductivity. T7, 2000-lb Serl-Armor-Piercing Bomb vs Concrete:
Cal/swc/m/C

Cffkie.. .f i~ • Max Safe Drop, ft

Linear, %/'C 300-1b General Purpoe Bomb vs Concrete:

Volume, %/'C Height, ft
Trials

Heudarees, Mael' Scale: Unaffected
Low Order

Young's Modulus: Hg re
E', dynes/cma High Order
E, lb/inch2 1000lb General Purpose Bomb vs Coecrete:

Density, gm/cc
Height, ft

Compressive Strength: lb/inch5  Trials

Unaffected

Vo. Pressura: Low Order
"C "m Mercunr High Order
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AMCP 706-177 ,•clotol, T5/25

F.-lmm'utoti Teati Sbea, CherGk e Effectivsfw is. 7WT 100I

4 sim h1% .71 Projectile, Lot WC.4I: Glass Cones Steel Cones

O'mnsity gmi/co 1.72 Hole Volume

ChQ!qV Wt. ob 2.22 Hole Depth

Totol No. of Frigments: C llan. Yellow-buff

For TNT 703
For Subject HE 1514

Principl Us: Shaped charge bomb especially

3 inch If[, M4A) Projectile, Lt fragmentation; HE projectiles;3 inh H, M2•1 rojctie, Lt K-S:grenaded

Density, gm/cc

Charge Wt, 14

Total No. of Fragments: Method o LoJdng. Cast
For TNT
For Subject HE

Le""l1g Oeufsty: gm/cc 1.71

Fragment Velecity: ft/vec
At 9 ft
At 251/j ft Stovge:
Density, gm/cc

Method Dry

Blest (Relative to TNT): (d) Hozard Class (Quantity.Distonct) Clans 9

Air: Compatibility Group Group I
Peak Pressure 111

Impulse 126 EAuCdtion

Energy --

Preparat!on: See Composition B
Air, Confined: Origin: Developed by the British between World

Impulse Wara I and Il and stendarized in the United
States early !n World War Il.

Under Wake-: Black Modulus at Room
Peak Pressure Temperature (250-300C)-
Impule tynes/cm2 x 10-1O 3.09
Energy Density, gm/cc 1.74

Absolute Viscesity, poiees:,Uudergroua.d: Temp, 85'C 210)
Peak Pressure 90OC ..
Impulse Efflux Viscosity, Seybolt Seconds:
Energy Teaw, 850C 9 -.1

Compositions using Spec Grade IType A,

Class A RDX.
-* Composition prepared using RDX of opti sum

p~rticle size.
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Cyclotol, 70/30 AMCP 706-177

Compoaitid.: Moleculer Wulght: 224

RDX 70 Oxygen Belance:
CO % -37

TNT 30 CO % -8

Density: gm/Cc Cast 1.71

Making Point: 'C

C/H Ratio Fmesing Point 'C

Impact Sensitivity, 2 Kg Wt: SUlng Point: 'C
Bureau of Mines Apparatus, cm 60

Sample Wt 20 mg Refractive Index, nO1
Picatinny Arsenal Apparatus, in. 14

Sample Wt, mg 20 no

friction Pendulum Test: Vacuum Stability Test:

Steel Shoe Unaffected cc/40 Hrs, at

Fiber Shoe Unaffected 90^C

100'C
Rille lullet Impect Test: Trials 120*C 0.86

% 135"C
Explosions 30
Partials 30 1501C

Burned 0 200 Gram Bamb Send Test:

Unaffected 40 Sand, gm 56.6

Ispleelan Temperature: IC Sensitivity to Iniflotion:

Seconds. 0. 1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminate 0.21*
5 Decomposes 265 Lead Azide 0.20"

10 Tet I

20 Ballistic Matter, % TNT: (a) 135

- Tmurn! Test. % TNT:

75'C internaetinel Heew Test: Pet Yost Test

% Lou in 48 Hrs Mt* Dent Test. (b)

Method B

IO0'C Heat Test: Condition Cast

% Loss, litt 48 Hrs 0.07 Cc'.fl.rd NO

% Loss, 2nd 4'j Hr 0.08 Density, gm/cc 1.725

Explcsson in 100 Hrn None Orlsonce, % TNr 136

Detonatlon Rate:
Flommeblilty Index: Confinement None

H...... condNtion Cast
HyPr6490414: % Nil Charge Dior,"tot, ift. 1.0

NlDony, gm/cc I.73
Rote, mete-s/second 8060
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AMCP 706-177 Cyclotol, 70/30

Freontsivtation Toot: Skaped Charge Iffectivoneee, TNT = 00:

90 imn HE, M71 Prejectilg, Lot WC.91: Glass Comes Steel Cones (e)
C'ensity, gm/cc 1.71 Hole Volume

Charge Wt, lb 2.213 Hole Depth 130

Total No. oll Faeffeset~s: C"I ellow-buff
For TNT 703
Foar Subject HE u.65

tui,,cieios 06*: Shaped cnarge bombs;,
3 lach HE. 1A42A% Pre~je*til, Lt UC"S especially fragmentation HE

Density, gm/cc 1.72 projectiles, greriadea

Charge Wt, lb 0.923

Yo~ai No. *4 Fravsimets- el: fLwn:Cs
For TNT 5114MeodoLedn:Cs
For Subject HE 828 ____________

_________________________________ Loading Density: gm/cc 1.71

IFregmant Velocity: ft/we
At 9 ft
At 251, ft *Seee
Densliy, gm/cc

MethodDr

Moont (Relative to TN'T) (d) Hazard CI'sa (Quantity. Distanco) Clean 9

Ain, Comipatibility Growp Group I
Peak Pressure 110
Impulse 120 Exudation

Energy -

Au, Ceflned:Preparation: See Composition B~
Impulse Origin Developed by the Bridsh between

Woirld Vers I an:d 11 tnd standardized in

Undler Water: the Uninted States ear~y In World War MI

Peak Pressurv Absolute Viscosity, pose:
Impulse Teop, 850C-
Energy go%,)( 53.2

Efflux Viscority, Saybolt St-conds:
U"denpeovad: Tfemp, 850C 5
Peak Pressure Heat of:,_
Impulse Combustion, c5]l/fm 2685

Enrgy Explosion, cal/gm 1213
Gas Volume, cc/gm85

*Compovi'Lion uaing Specý Grade ly-pe A,
Clase 'k RDX.

**Ckloulated from compoasition of mixture.
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CYclotol, 65/ 5 AMCP 706-177 /

Comosition,. Molecular weight. 224

SRDX '05 Oxygen Balance:
Co. % -4o

T'fNT 35 CO% -9

De:6,ity: gm/cC Cast 1.71

Melting Point: IC

C/H Ratio Freezing Point: IC

Impact enitrisitiVy, 2 Kg Wt: Boiling Point: I C•t ~Bureau ni Mines AppaXratus, cm •
•]Sample Wt 20 mg Refractive Ind*', no

Picothinny Arsenal Apparatus, in, o
Sample Wt, mg as

Vv€c4ion Pendulum Test: Vacuum Stability Test;

Stefi Shoe Unaffected cc/40 Hrs, at
Fiber Shoe Unaffected 901C

1000c
Rifle Builet Impact Test: Trialt 120°C

Explosions
Per~ials 1501C

Burned 200 Grem Bomb Sand Test:
Unoffected Sand, grn 55.4b

Explosion Temperature: C Sensitivity *0 Initiation:
.oconds, 0.1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminate
5 Decomposes P70 Lead Azide
t0 Tetryl

20 Bllistic Mortar, % TNT: (a) 134

Trouzi Test, % TNT:

75WC Introantional Heat Taet:
% Loss in 48 Hrs Plte Dent Test:

Method

'100C Heat Test: Condition

% Loss, I st 48 H Confined

% Leoi, 2ndl 48 Hrs Density, gm/cc

Explosion in 100 Hrs Brisonce, % TNT

* .. • Detonation Rate:
flmaneblity index: Confinement None

C.,.dition Cast
Hygrlsaleft: % Nil Charge Diameter, in., 1.0

Density, gm, cc 1.72L Rote, meters/seconcl 7d5
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AMCP 706-177 Cyclotol, 65/35

Pr-rgnientation Telt: .- Shaped Charge Effectiveness, TNT = 100:

90 mM HE, M71 Prej- ,V, Lot WC.91: Gloss Cones Steel Cones (e)

Density, g'n/cc 1.71 Hole Volume

Charge Wt, lb 2.253 Hole Depth 130

STotal No. of Frogiren•s
Foal NT. 70 Color Yellow-buff

For TNT 703
For Subject HE 1153

Principal Us•e: Shaped charge bombs;

3 inch HE, M42A1 Projectile. Lot KC.S: especially fragmentation HE

Density, grm/cc 1.71 projectiles, grenades

Charge Wt, lb 0.922

Total No. of Fragiments: Mtof Lading: Cast

Fo, TNT 
514"

For Subject HE 769

Loadlng Density: gm/cc 1.i71

Fragment Velecily: ft/sec
At 9 ft
At 25½ ft Stereg.:
Density, gm/cc

Method Dry

"Blest (Relative to TNT): Hazord Class (Quantity-Distonce) Class 9

Air: Compatibility Group Group I
Peak Preosure

Impulse Exudation

Energy

Preparation: See Composition B
Al,, Confined:

Impulse 0 In, Developed by the British between
~Woil Wars I and II and standardized in

Under Water: the United States early in World War II.

Peak Pressre Eutectic Te..roerature, °C: 79
Impulse

Energy gin RDX/IO0 gm ITIT
79 0 C 4.16

Undergreund: 950C 5.85
Peak Pressure Absolute Viscoeity, poirts:-
Impulse
Energy Tamp, 85°C 30.290 0C 26.0

Heat of: *
* Composition usirng Spec Grade Type A,

Combustion, cel/gm 2755 Class A RDX.
Exploaion, cal/gm 1205

Gas Volume, cc/gm 845
L Calculated from composition of mixture.
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S., • . 7 .I., ,. . , - -- -F -- j7,1 • , •

c 6o/4o AMCP 706-177

Compoesltion: Moleculer Weight: 224

S60 Oxygen Balance:
CO. % -43

TT 4o CO % 10

Denhity: gm/cC Cast 1.68

Melting Point: 'C

C/H Ratio Freezing Point: *C

Import Sensitivity, 2 KI Wt: Boiling Point: 'C
Bureou of Mines Apparatus, cm 75

Sample Wt 20 mg Refractive Index, no.
Picatinny Arsenal Apparatus, in. 14

Sample Wt, mg 19 lsg

Friction Pendulum Test: Vacuum Stability Test:

Steel Shoe Unaffected cc/40 Hrs, at
Fiber Shoe Unaffected 90*C

Rifle Bullet Impact Test: Trials 101C
120'C 0.20,

% 13S1C
Explosions 5 135C
Partials 55 150C

Burned 25 200 Gram llemb Send Teat:
Unaffected 15 Sand, gm 54.6

Explosien Temperatura: C Sensitivity to Initiation:
Seconds, 0. 1 (no cop used) Minimum Detonating Charge, gm

I Mercury Fulminate 0.22*
5 Decomposee 280 Lead Azide 0.20*

10 Tetrl
15 *Alternative initintirn chacers.

20 BeielaUk M•orer. % TNT: (a) 1.33

Traul Test. % TNT:

75*C Interaetlaesl Heot Teat:
% Lass in 418 Hrs Plae Dom Too; (b)

Method B

100'C Heat Test: Condition Cast

" Loss, Ist 48 Hlrs Confined No

"% Less, 2nd 48 Hrs Density, gm/cc 1.72

Exploiaion in 100 Hrs Brilsonce, % TNT 132

Detonation Rate:
Flammablity Indes: Confinement None

Condition Cost
Hygrsecoplcity: % Nil Charge Diameter, in. 1.0

Density, gm/cc 1.72
Volatility: Nil Rate, meters/second 7900

11
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AMCP 706-177 cyclotoi, 60/4O

Fragmentation Test: Shaped Charge Effectiveness, TNT - 100:

90 mm HE, M7I Projectile, Lot WC-91: Gloss Cones Steel Cones (e)
Density, gm/cc 1.65 Hole Volume 178 162

Charge Wt, lb 2.187 Hole Depth 125 148

Total No. of Fragments: Color. Yell nw-buff
For TNT 

703

For Subject HE -;98
Principal Uses: Shaped charge bomb;

especially fragmentation lIE
3 Inch HE, M42AI Projectile, Lot KC-5: projectiles, grenades

Density, gm/cc 
1.67

Charge Wt, lb 0.882

Total No. of Frogments: Method of Losiding: Cast
For TNT 

514

For Subject HE 701
Loading Density: gm/cc 1.68

Fragment Velocity: ft/sec (c)
At 9 ft 2965
At 25'/, ft 26)00 Storage:
Density, gm/cc --

Method Dry

Blast (Jeletive to TNT): (d) Hazard Class (Quantity-Distance) Class 9

Air: Compatibility Group Group I
Peak Pressure lO4

Impulse 116 Exudaotlon

Energy - -

Air, Confined: Preparation: See Composition B

Impulse Origin: Developed by the British between
World Wars I and II and standardized in

Under Weter: the United States early in World War II.
Peak Pressure

Impulse Bulk Modulus at Room

Energy Temperature (25o0 300C):

Dynes/cm2 x t10 4.14
Underground: Density, gin/cc 1.72

Peak Pressure

Impulsm Absolute Viscosity, poi ses:*

Enegy 0emp, 85°c 12.3
Heat of: * 908C 2.

Combustion, cal/gm 2820
Fxploslon, cal/gm 1195 Compositions using S3pec Grade Type A,

Gas Volume, cc/gm 845 Class A RDX.

Comnresnive Strenth: lbInc h2
i. TO ý,'Mcc - 200-3000 ,

•Calculsted from composition of mixtire.
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cyclotol, 75/25, 79/3q, 65/35 AMCP 706-177

References: 15

(a) L. C. Smith and E. G. 1ystcr, Phsical Testi of Explosives, Part II- Miscellaneous
Sensitivity Tests; Performance Tests, OSRD Report No57I 27 December 1945.

(b) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.

(c) R. W. Drake, Fragment Velocity and Panel Penetration of Several Exp~osives in Simu- .

lated Shells, OSRD Report No. 5622, 2 January 1946.

(d) V. Philipchuk, Free Air Blast Evaluation of RDX- TNT-Al, RDX-T•T, and TNT-Metal Systems,
National Northern uxmmary Report, NN-P-34, April 1956.

(e) Eastern Laboratory, du Pont, Investigation of Cavity Effect. Section III, Variation of
Cavity Effect with Composition, NDRC Contract W-672-ORD-5723.

(f) W. S. Cramer, Bulk Compressibility Data on Several High Explosives, NAVORD Report No.

4380, 15 September 1957--

(g) Also see the following Picatinny Arsenal Technical Reports on Cyclotols:

1290 1651 1482 1483, 1824 1435 1476 1427 1398 1469
1530 1741 1793 1834 1585 1756 1507 1488 1509

1983 1944 1796 174T7 1838 1709
20o4 1876

(b) C. Lenchitz, W. Beach and R. Valicky, Enthalpy Changes, Heat of Fusion and Specific
Heat of Basic Explosives, PATR No. 2504, January 1959.

15See footnote 1, page 10.
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AMCP 706-177 Cyclotrimethylene Trini truosamine

Composition: . Mlecular Weight: (c1-6r16o 3 ) 174
%2 3

C 20.6 C Oxyge.. Balance:
CO., % -55

I1 3.5 0-N-4, N- N-0 CO % -28

N 48.3 H2 C . Cl Density: gm/cc

o 27,.6 Melting Peint: 'C 105 to 107

C/H Ratio 0. 12 Freezing Point: *C

Impact Sensitivity, 2 Xg Wt: Boiling Point: 'C
Bureau of Mines Apparatus, cm

Sample Wt 20 mg Refractive Injax, no
Picotinny Arsenal Apparatus, in. 15 to 22

Samnple Wt, mg 17 to 20

Friction Pendulum Test: Vacuum Stability Test: (c)

Steel Shoe Unaffected cc/40 HIrs, at

Fiber Shoe Unaffected 90*C 0.20
1001C 9.19 3.71*

Rifle Bullet Impact Test: Trials *Average value of 5 gm sample twice recrystal-
% lized from iaoamyl alcohol.

Explosions

Partials

Burned 200 Gram lomb o end Tea-
Unaffected SarKd, gm 59.2 54.1

Explosion Temperature: *C Sensitivity te Initiation:
Seconds, 0.1 (no cap used) Minimum Detonating Chorgc, gm

I Mercury Fulminate O.200**
5 220 Lead Aside 0. 100"

10 **Al dgtiye initiating charges.
15

20 Ballistic Motar, % TNT: 130

Trauul Test, % TNT:

75*C International Heat rest:
% Loss in 48 Hrs Plate Dent Too:

Method

100*C Heat Test: Conwdition

% Loss, Ist 48 Hrs 8.79 Coefin4d

% Lous, 2nd 48 Hrs 2.98 Density, gm/cc

Explosion In 100 Hrs Ilone Brisarca, % TNT
I I

Dete"i•e Re: (b)
Fkmmebillty Index: Colfinement None

Condltion Cast
HygmreopiiJy: % 30 C, 90% RH 0.02 Charge Diumater, in. 1.2

Density, gm/cc 1.42
Rote, meters/second 7000 to 73)0

/

FA;

El/INI B O
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Cyclotrimet•ylene Trinitrosamine AMCP 706-177

.regmentetian Tost: Shaped Charge Effectivenens, TNT - 100W

90 mm ME, M71 Prejectile, Lot WC-91: Gloss Cones Steel Cones

Density, gm/cc Hole 'Volume

Charge Wt, lb Hole Depth

Total No. of Fregments: Color: Yellow

For TNT

For Subject HF
Principal Uses: Ingredient of projectile filler

3 inch HE, M42A1 Projectile, Lot KC-5'

Density, gm/cc

Charge Wt, lb

Total No. of Fragments: Method of Laeding: Pressed or cast vith added

For TNT melting point depressants

For S : 'E "
_Lodling Density: gr'/€cc See below

Fragment Vel,-cIty: ft/sec
At 9 ft
At 251 ft Storage:

Density, gm/cc
Method Dry

Blest (Relative ,t TNT): Hazard Class (Quantity-Distance) Class 9

Air: Compatibility Group Group M

Peak Pressure

Impulse Exudation None

Energy
Density at Various Pressuxres: (b)

Air, Confined: 2
Impulse lb/inch

Under Water: 2,42o0 1.10

Peak Pressure 4,83 1.23
9,650 1.37

Impulse 14,500 1.414
Energy 24,200 1.53

33,800 1.57

Un.•irund: 142,500 1.59
Peao Pressure Heat of:

Impulht
Energy 7ombustion, cal/gm 3158

Ergn.losiun, cal/gm 876

Formation., cal/gm -9114
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AMCP 700-177 Cyclotrimethylene Trinitrosamine

Preparation of Hex~lydro-l,3,5-Trinitroso-s-triazine Cyclotrimethylene Trinitrodamine:
(Reference a) H

HCH0 O4 OH + aO 2  S------- ON-N N--NO

I H 2 C -CH 2

formaldehyde an~nium sodium nitric sulfuric
b droxlde nitrate acid acid

NO

An a-oniacal solution of an ai'ine is prepared by adding aqueous formaldehyde to ammonium
hydroxide.- The rate of addition oi formaldehyde is regulated to maintain a solution .empera-
ture of 300 to 35 0C.

Sodium nitrite is dissolved in ;ater ance the solution or slurry is then poured into the
previously prepared amine-anmonia solution and totally diassolved by stirring. This solution
in chilled to below 0

0 C.

Into a mixed acid solution, previously prepared by diaaolving concentrated nitric acid
in water and adding concentratcd sulfuric acid, all chilled to -9 C, there is added the cold
amine-nitrite solutior below the surface of the acid mixture. The addition is regulaved to
take 20 to 30 m'nutes.

The resulting foamy head of cyclotrimethylene trinitrosamine is allowed to sit over the
icy spent liquor for 1/2 hour and it then collected on a rintered gleas funnel and washed to
neutrality. The moist cyclotrimethylene trinitrosamine is removed from the funnel and air-
dried on filter paper. The dry crude product melts at 1060 to 10O7C. Recrystallization from
isoamyl alcohol gives a pure compound melting at 1050 to 107 0C.

Origin:

Cyclotrimethylene trinitrosamine was discovered in 1888 simultaneously by Griess and
Harrow (Bar 21 (1888), p. 2737) and by Mayer (Ber 21 (1888), p. 2883) when sodium nitrite
was allowed to react with hexamethylene tetramine Tn acid solution. This compound was later
studied by Duden and Scharff (Ann 288 (1895), p. 218) and by Delerpine who determined its heat
of formation, which was negative (M-1 Soc chim ,3) 11 (1896), p. 1199). Because cyclotri-
methylene trinitrosamine could be made at first In very poor yield only, it was a long time
b ,fora i. received conaideration for prectical application sa en explosive. However, the
study of cyclotrimethyŽ.`ne trinitrosamine was continued and investigations were made a! to
its behavior In mixtures with other substancts (Prof. D. G. Rbmer "Report on Explosives,"
BIOSOP 2-EC 5•742).

Destruction by Chemical Decomposition:

Cyclotrimethylene trinitrosamine is easily decomposed by acid or alkali and even by
boiling in water.
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CYclotrimethylene Trinitrosamine AMCP 706-177

Hiigh Temperature Decomposition, 0.02 gm in 10 ml Test Tube: (b)

Immersed 10 minutes in bath heated at 50
/minute

_-2. mp. C

(1) Melting begins I 105
Decomposition begins 150
Nitrous gas 160
Entire decomposition 17o

(2) Some bubbles 110
Very slow decomposition 150
Decomposes in 2 minutes 200
Decomposes in 40 seconds 250
Itsmdiate decomposition 300

Lon Term Stability: (b)

Cyclotrimethyl.ne Trinitrosamine loosely packed in covered wooden boxes for six years at
ambient temperature and protected from the sun:

1. Explosive shoved no color change.

2. Melting point decreased from 104.5 0 to 1040 c.

3. Coefficient of "Utilisation Practique" decreased from 125.5 to 123.5.

4. An Abel Test at 1100C gave no color to iodine starch paper in 15 minutes.

rusion Tests, Mixtures of Cyc.l.otrimethylene Trinitrosemine end TNT: (b)

Cyclotrimethylen Melting a
Trinitrosamfne, ) Point, C

10 T4
20 1 68
3C 66 24 ' 55
42 55 (0tectic) I
50 61
60 69
70 77
95 95

Rutectic Composition With TNT: (b) Rate of Detonation, meters/second

4:-2% Cyclotrimethylene Trinitrosamii.e 7,000
58% OT

zooms1i r.Q60-
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AMCP 706-177 Cyclotrimethylene Trinitrosamine

Reaction of Cyclotrimethylene Trinitrosamine With Other MAterials; (b)

1. Iron powder Slight reaction

2. Copper powder 1ight reaction

3. Aluxain-m powder Slight reaction•

4. 2 parts picric acid + 1 part R-Salt a. Violent decomposition after 2 hours at 1O0C
b. Violent lecomposition after 10 to 15 minutes

at 1000C

5. 2 pa•ts nitroglycerin + I part No evidence of decomposition after 5 days at
R-Salt 90°C

Detonation Rate: (b)

Confinement Paper cartridge

Condition Pressed

Charge Diameter, in. 1.18

!Rate, meters/second Density, gm/cc

5180 0.85
5760 1.00
6600 1.20
7330 i.4•0
7600 1.50
7800 1.57

References:16

(a) Arthur D. Little, Inc. Progresa Report No. 106, Fundamental Development of High Explo-
sives, April 195", Contract No. DkI-19-020-501-ORD(P)-33.

(b) Louis Madard and Maurice Detour, "Btude Des Proprieties D La Cyclotrimo'thyle'na
Tinitrosamine," Heam poudr, U, 1924 (1954).

(c) H. A. Bronner and J. V. R. Kaufmen, "Synthesis and Properties of R-Salt," PATR in
preparation 1959.

(d) Also see te following Picatinny Arsenal Technical Reports on Cyclotrizethylene
Trinitrosamine: 1114, 2179.

1 6Se@ footnote 1, pagu 10.
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DBX (Depth Bomb Explosive) £MCP 706-177

Composition: Mole.ulr Weight: 83
Oxygen Balance:

SAmmonium Nitrate 21 CO2 % -46
Sco % -26

RDX 21

* ,, Density: gm/cc Cast 1.68

A luminusm 18 Melting Point: "C

C/H Ratio Freezing Point: 'C

Impact Sensitivity, 2 Kg Wt: lolling Polnti *C
Bureau of Mines Apparotur , cm 35

Sompl:? Wt 20 mg Refractive Index, no
Picotinny Arsenal Apparatus, in. 13

Sample Wt, mg 14 n.
no3

Frictlon Pendulum Tqet: Vacuum Stability Test:

Steel Shot cc/40 Hrs, at
Fiber Shoe 90*C

- - l001c
Rifle Rullet Impact Test: Trials 120'C 6.15

% ~135'C
Explosions

Partials 150i C

8urned 200 Gram ilmb Send Test:

Unaffected Sand, gm ' 58.5

Explosion Temperhture: C sensitivity to Initiation:
Seconds, 0.1 (no c€p used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Ignite* 400 Lead Azide 0.20

10 Tetryl 0.10
Ba ellisltic Meoetr, % TNT: (a) 146

20
_ __Trauxl Test, % TNT:

75'C InternoiIonel Hoot Tat: Plate Dent Test: (b)
% Loss in 48 Hrs Met B

Method B

1001C Heat Teot: Condition Cast

"% Loss, Ist 48 Hrs Confined No

",6 Loss, 2nd 48 Hrs Density, gm/cc 1.76

Explosion in 100 Hrs Brlsonce, % TNT 102

Deteoatin Rote (c)
Flemmabiley Index: Confinement None

Con•iltion Cost
Hygroecepleiy: % Charge Diameter, in. 1.6

Density, gm/cc 1.65
Volatility: Rote, etars/sacond 6600
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AMCP 706-177 DBX (Depth Bomb Explosive)

oeater Sensitivity Teot: (e) Decmpoestio Equation:
(=oadition Cast Oxygen, atoms/soc

Tetryl, gm 100 (. / Wc)

Wax, in. for 50% D n 135 Hot, kilocolorie/moleWaxin.for .50 Deonaton .35(.H, kcol/rnOl)

Wax, gm Temperature Range, *C

Density, gm/cc 1.76 Phase

Heat of: (d) Armor Plate impact Test:
Combustion, col/gm

Explosion, cal/grn 1700 mm Mattar Projectile:
Gas Volume, cc/gm 50% Inert, Velocity, ft/sec

Formation, col/gm Aluminum Fineness
Fusion, cal/gmn

500-lb General Purpoee Bombs:

Specific Hrw: C',I/gm/'C (d)

-50C, ,dendity 1.75 gm/cc 0.25 Plate Thickness, inches

1½
I%

11/

lurning Rate:
cm/se

Bomb Drop Tea:

Thermal Codustlvty: T
col/s•ec/cm/C 13.2 x 10 17. 2000-lb SarbArno.Plercixg hmb v'i Ca•grte2
Density 1.75 m,/cc M D

Coaffeloaat of Eupanslo: Max Safe 5rOp, ft
Linear, %/'C -73 0 -T5 0 C 4.,5 X 10' 500-lb General Purpoee lomb vs zoacteat

Volume, %/*C Height, ft

Trials
Herdnes, Mahe' Scal: Unaffected

YO'sModulLow 
Order

E', dynes/cmn 10,14 x ±ioO High Order

E, lb/Inch' 1.51 X 106 1000-lb Ganejel Purpoe Bomb vs Concrfte:
Density, gm/cc 1.72

Height, ft
C.wnr*$prive S re*gl: lb/inch' (d) 3210-3380 Trhals

Density 1.78 gm/cc Unaffected

Vapor Pa'eeure, Low Order
"C mm Mercury High Order
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DBX (Depth Bomb Dxplocive) AMCP 706-177

Fragmentatioe Test: Shaped Ckerge Effectiveneu, TNT = 100:

90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones Steel Comes

Density, gm/cc Hole Volume

Chorge Wt, lb Hole Depth

Torel No. of Frolments: coief. Gray

For TNT
For Subiect HE PFoujc Ep l Us": Depth charge

3 lock Hi, M42A1 Projectile, Lot KC-S:

Density, gm/cc

Charge Wt, lb

Tot No. ef Frolmonts: Method of Leading: Cast

For TNT

For Sl.ibiect HE

_ Loading Denosty: gm/cc 1. 61-l.69

Frogmant Velocity: ft/sec
At 9 ft
At 251/j ft Stor•ge:

Density, gm/cc
Method Dry

Blest (Reletive to TNT): (d) Hozord Clos (Quamntity.Distoncel Class 9

Air: Compotibility Group Group I

Peok Pressure 118

Impulrs 127 Exudation

Energy 138

Air, C4afi&4d: lre )a ret i on:

Irnpula DBX can be manufactured by slowly adding
water-wet RDX to molten TNT melted in a steam-

Under Weter: Jacketed kettle equipped with a stirrer. When
Peak Pressure all tlhe -water has evaporated, ammonium nitrate

Impulse . is added and with heating and stirring con-

Cn*rgy 136 tinued, grained aluminum is added+. The mix-
ture is cooled with stirring continued to
maintain uniformity and when suitable for pour-

UNdegWI4Osud: Ing the mixture is cast. DBX can also be made
Peok Pressure by adding 21% ammonium nitrate and 18% alhmi-

Impulse num to 142% cyclotol or Comuposition B of 50/50

Energy RDX/TNT content pluS 19% of Th' previoual3.
melted at about 100 C.

9:1
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AMCP 706-77 X (Depth Bomb Explosive)

Orin:

DBX iwu developed and used by the United States and Great Britain during World War II.

References: 17

(a) L. C. Smith and E. G. Eyster, Physical Testiof los~ves, Part III- Miscellaneous
Sensitivitvy Tests; Performance Tests., OSRD Report No. 5746, 27 December 1945.

(b) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1942.

(c) G. H. Mesaerly, The Rate of Detonation of Various Explosive C2.oounds, OSRD Report No.
1219, 22 February 1943.

M. D. Hurwitz, The Rate of Detonation of Various Compounds and Mixtures, OSRD Report
No. 5611, 15 uanusry 1946.

(d) Philip C. Keenan and Dorothy Pipes, Table of Military High Eplosives, Second Revision,
NAVORD Report No. 87-46, 26 july 1946.

(e) L. C. Smith and S. R. Walton, A Consideration of RDX/Wcx Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949.

(f) Alsi see the following PicAtinny Arsenal Technica. Reports on DBX: 1585 and 1635.

17See footnote 1, page 10,
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1, 3-Diamino-2I, 6-Trinitrobenzene (DkTNB) AMCP 706-177

Compotition: Molecular Wetght: (C6 H5 15 06 ) 243

29.6 Nh2  Oxygen Balance:
C 96 02N NO20C.-

H 2.1 2 2  CO %

N 28.8 NH2 Density: gm/cc Crystal 1.83

0 39.5 NO2 Melting Point: 'C (a) 290

C/H Ratio o. 380 Freezing Point: "C

Impect Sensitivity, 2 Ks Wt: "loHing Point: IC
Bureau of Mines Apparatus, cm

Sample Wt 20 mg Refractive Index, n"O
Picatinny Arsenal Apparatus, in. 18

Sample Wt, mg 9. nk

Friction Pendulum Test: Vacuum Stbilltty Test:

Steel Shoe cc/40 Hrs, at

Fiber Shoe 90"C

1001C
Rifle lullet Jmpect Test: Trials 120C

Explosions

Partial$ 150C

Burned 200 Gram Bomb Send Test:

Unaffected Sand, gm 46.6

Kxploeeon Temperature: C SenSitvity to InitietMu:

Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminate ....
5 Lad Aide 0.20

10 TetryI 0.10

15

20 Baistic Motrer, % TNT: 100

Traumi Telt, % TNT:

75"C Internetionel Heet Test: Me" Dent Teo:
% Loss in 48 Hrs M ethodMethod

1001C Heat Test: Condition

% Loss, 1st 48 Hrs 0.00 Confined

% LUss, 2nd 48 Hrs 0.4 Density, gm/cc

Explosion in 100 Hrs None Brisance, % TNT

SDetoetien Rta.:
Flemmebillty Index: Confinement None

Condition Pressed
Hygroscu•picity: % Charge Diameter, In. 0.5

Density, gm/cc .1.65

Veletkliy: Rote, meters/seond 7500
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AMCP 706-177 1, 3-Dimino-2,4,6-.T~initrobenzene (CAT-B)

Fragmentation Test: Shaped Charge Effectlvenen, TNT 100:

90 mm HE, MY7 Projectile, Lot WC-91: Gloss Cones Steel Cones
Density, gm/cc Hole Volure

Charge Wt, lb Hole Depth

Total No. of Fragments: Celo: Yellow

For TNT

For Subject "E
Principal Uses:

3 Inch HE, M42Al Projectie, Lot ,(C-5:

Density, gm/cc

Charge Wt, lb

Total No. of Frogments: A40Wd of Leedllag: Preseed

For TNT.

For Subject HE

Leeding Density: gm/cc

Frlmgmt Velocity: ft/se¢ At 50,000 psi 1.65
At 9 ft
At 251/2 ft Stte,.e:

Density, gm/cc

Method D*

11los (Relative to TNT): Hazard Class (Quantity-Distonce)

Air: Compatibility Group
Peak Pressure

Impulse Exudation None

Energy

Alr, CooflnI- Cook-Off Temperature: 
0 C 320

ilnpul. Time, minutes 8

Hleat of:
Under Wte*r: Explosion, cal/gm 2876

Peak Pressure

Impulse

Energy

Unmeorqound:
Peak Pre*"Sure

Impulse

Energy
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1, 3-Diamino-2,4,6-Trinitrobenzene (DATNB) AMCP 706-177

Preparation:

Fifty grams (50 gm) of dry stypnnic acid was added to 200 gm of anhydrous pyridine with
stirring. The resulting slurry vas stirred for an additional 30 minutes. The yellow product,
dipyridinium styphnate, was collected by filtration an, washed with approximately 100 milli-
liters of diethyl ether. The product was dried over phosphorus (V) oxide, at room tempera-
ture, for05 hours. Yield of 77 gm (94%), melting point 1680 to 170 0 C (literature melting
point 173 C).

To 50 mill.'liters of phosphorus oxytrichloride, 29.8 gm of the dipyridinium styphnate were
added in small portions, with stirring. The reaction mixture was then warmed on a steam bath
for 15 minutes. This solution was quenched in 500 gm of ice water. The light yellow precipi-
tate was separated by filtration and washed with water until the washing was neutral to lit-
mus. Yield of l,3-dichloro-2,4,6-trinitrobenzene 20.4 gm (98%), MP 130ý to 1310 C (literature
MP 128 0 c).

A suspension of 3 gm of 1,3-dlchloro-2,4, 6 -trinitrobenzeae in 9 milliliters of absolute
methanol was prepared. This slurry was cooled to O0C, and dry amwonia was bubbled into the
stirred suspension. After 20 minutes the reaation mixture was allowed to warm to room tem-
persture, filtered by suction and washed with methanol and ether until a negative Beilstein
test for chloride ion was obtained on the washings. Yield of 1,3-diamino-2,4,6-trinitrobenze,"
2.5 gm (97%), MP 2880 to 2900 C (literature M 285 0 C).

Origin:

D=IM, also called 2, 4 ,6-trinitro-l,3-diamino-benzol or 2,h,6-trinitro-phenylenediamine-
(1,3), was first obtained by Noelting and Collin'in 1884 (Bar 17, 260) and also by Barr in
1888 (Ber 21, 1546) from 2, 4 ,6-trinitroresorcin dimethylether i'n contact with ammoniacal
alcohol foi several days. J. J. Blankmain obtained the same product in 1902 by reacting
tither 2-chloro-2,4,6-trinitroanisole or 3-chloro-2,4, 6 -trinitrophenetol with asmoniacal
alcohol (Rec tray chim 21, 324) and from 2, 4 ,6-trinitroresorcin methylethyl ether with ammo-
niacal alcohol (Bec tras-chim a, 56 (1908)).

Meisenheimer and Patzig in 1906 prepared 1ATUB in the form of yellow needles, MP 280°C
from l,3,5-trinitrobenzene hydroxylamine and sodium methylate in methyl alcohol (Bar P, 2540).
The product was slightly soluble in glacial acetic acid but poorly soluble in other solvents.
It decomposed into NH3 and 2,h,6-trinitroresorcin when boiled with dilute NaCH or KOH (tseil 13,
60).

K~rner and Contardl prepared IAThB by the reaction of either 2,4-dichloro-1,3,5-triniti'o-
benzene or 2, 4 -dibromo-l,3,5-trinitrobenzene with smmoniacal alcohol at room temperature or
better by heating to 10% C (Atti R. Accad Lincei (5), 171, 473 (1908)); (5) 18 I, 101 (1909)).
A method of preparation by prolonged reaction of N-nitro-N-methyl-2,3,4,6-tetranitroaniline
with a oaturated ammonia soluticon was reported in 1912 by van Romburgh and Schepers (Akad
Amsterdam Veral 22, 297).

C. F. Van Wuin obtained IA1f7 melting at 301oC by reacting a concentrated aqueous armionie
sol,.tion with N-nitro-U,N,N-trimethyl-2,4,6-trinitrophenylenediamine-(l,3) or with N,.nitro-
N-.ethyl-N-phenyl-2, 4 ,6-trinitrophenylene',ianine-(1,3) (Rec tray chim 3tL, 89-100 (1919)).
later Vnn Duin and Van Lennep reacted concentrated aqueous ammonia witT--2,4,6-trinitro-3-
amInotnilole or 2, 4 , 6 -trinltro-3-aminophe^netol to obtain 1ATNB melting at 2870 to 288 0 C (Rec
tray chim p, 147-77 (1920)). In 1927 Lorang prepared the same compound by boiling 2,4,6-
trinitro-1,3-bis ( -nitroethyl ureido) benzene with water or by heating it with ammoniaceal
alcohol in d tube at 100 0 C (Re.; tray chrm 46, 649) (Beil E 17, E II 33).
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AMCP 706-177 ý., 3-Diamino-2,4,6-frmintrobeiizene (iYmB)

A recent report describes the preparation or wiTNB trn tvo stpa sfrom conmercially avail-
able atarting materials. 'irat m-nitroanllne was nitrated with H2 SO4-HN0 3 acid mixture to
tetranitroaniline. Sh•e crude tetranitrowlte was converted by meth•anolic ammnonia to
diaw~notrinitro-benzene'In a high de:-•ee of purity. A conversion of 100 parts of m-nitroani-
line into 110 Darts of. ITNB wan obtained by th~is method, uhich cAn easily be carried out on

a commerclaial sce.
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DitAzodinitroPhnol AMCP 06-177

Mlecule, W*ei: (C62405) 210

C 34. 3 Oyge. sales":
CO, % -61

H 0.9 0 ore .0% 15

Raio0Ni;~.~ENO 0 N02hII~-26.7 2 2 2*'I NO2  oay: gm/cc Crystal 1.63

0 38.1 m ia~l Few: 'C 15T

C/H Rati 1.056 frown$ Pelmt '3C

1.91,2t S eotslv, 2 Kg We: hi 616*. m ,e: "C
Bureau of Miters Apparatus, cm

Sample Wt 20 mg Ref edtl l.., n" .
Picotinny Arsenal Apparatus, in. 4, (1 lb vt) 7

Sample Wt, m 15
n'.

Frletk Pesdulum Test: Veco.uri Stebdty Tot:
Steel Shoe .attonates cc/40 Hrs, at

Fiber Shm Detonates 901C
1001C T.6

Rifle lullat loedt Teo: Trials 120"C

E i 135'C
Portlols 1 50*C

8urned 200 GMI Bomb Sond ae4:
Unaffected ~1odrrsu,•',,••.'Ompo,,r *use 4s.6

lapleele. Tempeeture: C Se"eOllyty te l"MiSNOe:
Seconds, 0. 1 (no cop used) Minimrim Detonating Chotge, mra

1 200 Mercury Fulminate
5 195 Load Aide 0.20

10 0 Tetryl 0.10
15
20 WeUolle Meet,, % TNT: (a) 9T

T"meul Tet, % TNT:
73"C im "ec 0le el "e*o Tow -: Dom Te sh

% Lou in 48 Hrs Me thod
Methad

100'C Hest Test Condition

% Lous, lst 48 Hrs 2.10 Confined

% Lou, 2rnd 48 Hrs 2.20 Densityv /

Explosion in 100 Irs None Brisance, % TNT

Deeation RItet
FPlmmehillTy Imdex: Canfinemet

Condition Pressed
Hyteseeplelity: .% 30 0C, 90% RH 0.04 Choage Diameter, In.

Velsitrli;q 500C, 30 m1,nth Un6ffected
Rate, meters/second 4400 6600 6900

*Until It t6 established which picramic a&id (melting point 1690 C) isomer is involved (Ref: J
Chet Soc, 2G82, August 19149).

.99
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AMCP 706-177 Diazodinitrophenol

Fr~woaeetlea. Teo- Shaped ChergeEf" ttea TNT =100:

90 s HEI M71 Projectile, LW4 WC-91. Gloss Cones Steel Cones
Density, gm/cc Hole Volumo
charge Wt, lb Hole Depth

eT"l No. of Frogwmeete: Call": Yellow needle~s
For TNT

For Subject HE
P,4awalle Ulms: Percussion capa

3 Inch HE, M42A1 Prajeetlie, Let KC-5:
Density, gm/cc
Charge Wt, lb

Taelel No. of Fr*$meeh: Mehdo Loda.4lag Presiaed
For TNT
For Subject HE

________________________________ Leedjg Densiy: gm/cc Appar~ent 0.27

F- oloky 't"KAt 3000 psi 1-14
At 9 it
At 251/: ft Stoe"g:
Density, gm/cc

Method Under water

uiset19h~y & -. N Hazard Class, (Quontity-Distance) Cl.ass 9

Alin res~~ Compaotibity Group

InploExuidation None

Energy

Ale, Cowf4.AW:Souity
ImipulseSouity

Soluble in nitrogl.ycerin, nitrobonzenit,
aniline, pyr~dine, concentrated hydrochloric

Umdet WtN#: acid, and In moat common organic solvents.
Peack Pressre
Impulse Heat of:

Combustion, cal/gm 3243
Uaeread:Explosion, cal/gm82UWe~om:Gas Volume, ccl'gin 865Peak Pressre

Imfpulse Sensitivity to Electrosattic
EnryDi.charge, Joules: (b) 0.012

100
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Diazodinitrophenol AMCP 706-177

3olubility: g•i200 gm of the following substances: (c)

Solubility at 500C

Solvent

Ethyl acetate 2.45
Methanol 1.25
Ethanol 2.43
Ethylenedlichloride 0.79
Carbon tetrachloride trace
Chloroform 0.11
Benzene C.23
Toluene 0.15
Petroleum ether Insoluble (at 200 C)
Ethyl ether 0.08 ( 000C)
Carbon disulfide trace (30oC)

Preparation: (Chemistry of Powder and Explosives, Dsvis)

02O H -K2NO
(H) diazotize 0

0OH8 02 OH02N2 0

Ten Su of picramic acid is suspended in 120 cc of 5% hydrochloric acid, and under efficient
agitation at aboit 0°C. 3.6 p aAdium nitrite in 10 cc water is dumped into the suspendion.
Stirring it contijuw 4• 20 minutes, the product filtered off and washed thoroughly with ice
water. The dark brown product, if dissolved in acetone and precipitated in water, tunls bril-
liant yellow.

*Origin:

Discovered by Grioes in 1858 (Annalen 106, 123, 112, 205 (1860) and studied oxtenxively by
L. V. Clark (Ind Eng chom pl, 663 (1933). DevelopeZror commercial use In 1926. Mbis com-
pound was patented in the United States by Professor William M. Dine.

Destrv'ction by Chemical Decmaposition:

Diazodinitrophenol is decomposed by adding the Vater-vet mterial to 100 times its weight
of 10% sodium hydroxide. Nitrogen gas is evolved.

Refermncee; 18

(a) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revision,
NAVORD Report No. 87-46, 26 July 1946.

(b) F. W. Brown, D. Hx. rusler and F. C. Gibson, Sensitivity of Explosives to Initiation by

Ifts oonoe , pae 0
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AMCP 706-177 DiazdinUtrhenol

Electrostat1c Discharges, U. S. Dept of Int, Bureau of &ines, RI 3852, 1946.

(c) L. V. Clark, "Diazodizntrophenol, A Detonatin6 Ecplosive," Ind Eng Chem •, 663
(1933).

Seidell, So1hbbiiities of Inorganic and Organic Compounds, Van Nostrand and Co., N. Y.

(d) Also se the fo11loin Ficatinny Arsenal Technica1 Reports on Diazoinitrophenol:

o 2 4T

150 13'2 34 355 827 318 2179
61o 214 1838

2120
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'I

Diathyuiana Olycol Dinitrete ((,DN) Liquid AMCP 706-177

Ce~l4e,," MI..,, We*W": (CHNoT) 196

C 24,.5 HC - ONO o0sg" soleoee
22caf% *41

I 1 Co~ %
H is.1 H2 C -

N 14.3 HDC> o Density: gm/cc Liquid 1.38

0 7T.1 H2C - 0N0 2  
Pb POW: IC 2

C/H Ratio 0.l143 P ,W- POWes: 'C

Im.pot SeohivIty, 2 Kv Wt: "lUl"• Poe*I 'C Deco"0o i60
Bureau of Mints Apparatus, cm 100+

Sample Wt 20 mg Rl4i~ve* lad e.
Picatinny Arsenal Apparatus, In. 9 f.9

Somple Wt, mg 4 1.4498

Fvktke Ph*"uhdm Teats Veewuaa Sl3"64ty Too.:

Steel Shoe Explodes cc/40 Hrs, at

Fiber Shoe 901C
11004C 0. 3co/20 hr/gre

1111Lk 1.11t Impost Teao: Trials 120*C

E n% 135oC
Exploiai

Portlli I S0*C

Burned 20 GCoom Lmb Send Toot

Unaffected Sond, gm 4.2

sple"e Tom" 4*e 1 #lC wseoatfrty to laitlete:

Secondi, 0. 1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 23T Load AxId

10 Tetryl

15

20 lllliek Motev, % THT: 90

__Tseul Yost, % TlIT: 77
751C Intemretlerl Hoet Tootl

% Loss in 48 Hrs Plots Don# Tet
Method

100* Hoot Too.t Condition

% Lois, lit 48 Hrs 4.0 Confined

% Lo., 2nd 48 Hrz 3.0 Density, gm/cc

Explosion in 100 Hrs None BrIsonce, % TNT

DemohetiI R"e:
FlomoAblllty Idei: Confinement

Condition
Hygrescepilcty: % Charge Diametwr, In.

Density, gm/ci 1.38
Veletlifty: 6o~c, ug/cm2

/W/r 193 Rote, rneters/second 6T6)

Uio

- m m --ttl!l!!tqt!M
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AMCP 706-177 ietyle••e alGycol Dinitrate (DWN) Liquid

loostes Sonsiiv~ity Test. Deco"Peostioe l4uetiee:
Condition Oxygen, atons/soc
Tetryl, f"f (Z/Ic)

x nHeat, kilocaloaie/mole
Wax, ,n. fo5r Detonation (AH, kcol/moj)

Wax, gm Temperature Range, *C

D•ensity, gm/cc Phase

o• f: Aros, Fish Impod Tests

Combustion, cal/gmn 2792
Explosion, cul/gm 841 60 me Moretr Prjectie:

Gas Volume, cc/gm 796 50% Inert, Velocity, ft/sec
Formation, cal/gm 2020 Aluminum Fineness

Fusion, cal/gmn
300-lb Gow4vi Purpose lemb.:

SPeclf. HOtt: cal/gm/*C Plat* Thickne-, inches

Burming Rate:
cm/sc

lomb Drop Teot:

€l/k -A Cedc, iv/It: 77, 2000-lb Bo.om-AmwPiet lomb vs Ceesret.:
Cal/sec/cm/*C

cffloot of Esl.omoie: Max Safe Drop, ft

Liar, %/'C So.Ilb Gosorel trPee. loemb ve Ceeoi•rte

Volume, %/'C Height, ft

Trials
"Hooesos, Moes' Sceols Unaffected

Youn's Mee.ls: Low Order
E', dyne~s/em' High Order

E, lb/inch2  
1000-lb Geoerol Purpose lomb vs Cerete:

Density, gm/cc
Height, ft

compresolve Strenmtt lb/inch, Trials

Unaffected
YVpor Pressures Low Order

C w" Mercuray High Order

20 0.0036

604
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F,-eil mtse Tes: Shpd Charge Effectiveess, TNT 100:

90 mm HlC M71 Prnojctile, Let WC-91: Glass Comes Steel Cones

Density, gm/cc Hole Volum,,

Charge Wt, lb Hole Depth

Telel No. of Flemmlft: COW. Colorless

For TNT

For Subject HE
isialpel Use: Propellant compositions

3 lack HL. M42AI PrFjele, Lot KC-5:

Density, gm/cc

Charge Wt, lb

TONI No. o F eliw~so: M O of Leodlg:

For TNT
For Subject HE

Frenvat VeezlIty: ft/s•c
At 9 ft
At 2.5V1 ft SlNeseg:

SMethod Liquid

Bleet (tlet•l" to ThTh Hazard Class (Quantity-Distance) Class 9

Atr Compatibility Cowup
Peak Pressure

Impulse Exudatlon

Energy
Preparation: DN can be prepared with approxi-

AMr, Coefisad: wtM'y•5% yield by adding diethyleneglycol
Impulse to mixed acid (50% }H03 , ,45% H2 SOW, and 5%

H2 0). '
1

he temperature is kept at 3OC or
Under Werte.: lower. The separated DEGN is purified by

Peak Pressure washing with successive portions of water,
dilute ,odium carbonate solution and vaterImpulse until neutral.

Enrrogdolyais Acid:

10 days at 22wC 0.003

Peak Pressure 5 dys at 600 0.003

Irrmpulse Solubility in Water, gm/O0 gmi, at:"25M O.40
Energy 60oc M.o6

Viscosity, centipoises: &olubility, gm/lO0 gm, at 25°CC in:
"Ether 00

Temp, 20 0 C Alcohol 00
2:1 Ether:Alcohol 00

"Acetone 00
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AMCP 70&177 Diethylene Olycol Dinitrate (LMElH) Liquid

Origin:

First yepared and studied by Wmn. H. Rinkenbacb in 1927 (Ind Eng Chem 1, 925 (1927) and
later by Rinkenbach and H. A. Aaronson (IM Dig Chem a, 160 (1931)) both of Ficatinny Arsenal.
Used in prortllant compositions by the Germans during World War II.

Destruction by Chtmical Decomposition:

:MN is decomposed by adding it slov•, to 10 times its wight of 18% sodium sulfide
(Na2s.9H2 0). Heat is libermtcd by this reaction but this is not hazardous if stirring in
maintained during the addition of DIN• and continued until solution I ci-,plete,

heferences: 19

,e9 -ie following Picatinny Arsenal Technical Reports on DEN:

0 1 .2a42642.

50 231 72 673 494 346 487 279
180 551 602 1443 16n4 1516 1427 579
620 1391 128P 1616 1487 1439

1490 1421 i_392 1786 1817
1990

19See footnote 1, page 10.
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Bis(2,2-Dinitropropyl) FPumrta (UM) AMCP 706-177

Compeetien: Moleculer Weight: (C1 OH1 2 N"O1 2 ) 380

C 31.6 Oxygen selence:
CO' % -59

H 3.2 [ 2 3 Co % -IT

l 1?,7 C02o cC(No2 )2CH3  Density: gmn/cc Crystal 1.60

0 50.5 Melting Pednt: 'C FO7'm 1 8
Fomt 1II8

C/H Ratio Freezing Point: IC

Impact .eoaitlvity, 2 Kg Wt: e1118 Peont: *C
Bureau of Mines Apparatus, cm 100+

Sample Wt 20 mg Reffective Index, no
Picotinny Arsenal Apporotus, in. 18

Sample Wt, mng 18 n"

Frictien Pendulum Test: Vacuum Stebilfty Test.

Steel Shoe Unaffected cc/AO Hrs, at

Fiber Shoe Unaffected 901C

loo*c 0.66
Rifle ullet Impact Test: Trials 120*C

Explosions 135"C 0.91

Portials 1 50C

Burned 200 GCemm bnb $*ed Tat:

Unaffected Sand, gm

"-splee. Tempereture: C , tiwity to Inifietwe:

Seconds, 0. 1 (no cop used) --- Mi..: -. em Detonatlng Charge, rM

I -.- Mercury Fulminate
S4 Es.kes 250 Lead Aside

10 Tetryl

15
20 *ieliietlk Mwor, % TNTt

(nisuil Teoo. % TNT:
75C Infoetstlenel Meet Toe "(..9 Tat:

% Lost in A'1 HrsMoeD*Tst
Method

l0OOC Heet Test: Condition

% Loss, Is* 48 H-n Confined

% Lv, 2"-o 48 A rs DNnlity, gm/cc

Explosilon i 100 W-ir Brisnce, % TNT

Detftntion Re":
Flemmebifity Index: Coninwnment

Comeotion
Hylirokescityt % Charge Dlometer, In.

tLer4ity, gm/cc 1.49

Role, met( i/second 6050
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AMCP 706-)77 Bts(,,21 Dinitro-opytl) .umarate (DNFl)

F~gmeehd'• Te$t: Shaped Charge Effectivenae, TNT = 100:

90 mm 1,1, ýAY71 Pmjscil., Lot WC-91: Gloss Cones Steel Cones

Deoaty, gm/ce Hole Volume
Charge Wt, lb Ho°. Depth

Total N o. of Fraglmeat: 0 " Whli te

For TNT
For Subjeo.t HE

PFacipel Uses:
3 lach ML M42Al Projectile, Lot KC-St

Density, gm/cc

C1horge Wt, lb

Total No. o Fmewme.M: Metied of Leedlll: Caot
For TNT

For Subject HE

Lodialmli aah': gm/cc 1.50

Foewieo Vealtty: ft/soc
At 9 ft
At 25% ft 5 i
Dentity, gm/cc

Method

hd40 (Relative to "'wNT)s Hazard Class (Quontlty.Dlstance)

Air. Compotlli'ly Growp
Peak Presste
Impulse Exiudation None

Energy
Heat of:

Impulse Combustion, eel/gm 0T

Detoatin, cl/g(calculated)
Under Waoer: Detonation, ca/gm 767

Peak Pressure Vsc t poe:(calculated)

Impulse X0~h~.22aa .8T e m , 9 8 .: 9 C o .5 8Energy 106.5 C 0.435

Undervraeed: Liquid Denuit., _gm/cc:
Peak Prossurv 're.m, 98.9 0 C 1.382
Impulse o6,50C 1.- V5

EnergyOrigin:

Syntheasized in 1952 by M. E. Hill of tbh,
U.S. Naoal Ordnance Laboratory, White Ier,,

Mar7land.

1- r•
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Bio(2,2-Dinitrcpropy!) P•ph•-.rt tyMMn) AMCP 706177

Preparation: (a, b)

KC-cOCl HC-CO2 CH C(NO2 )2CH3
11 + 2-o3C(NO 2)2C 2 H - 2 Hc(o 2 )2 3
HC-COUC %

3.3 mol 7.3 mol 1.6 mol 83% yield
fumaryl chloride 2,2-dinitropropanol aluminum bis(dinitropropyl) fumerste

chloride

Dmnitroprapanol was mixed with chloroform (1320 milliliters) and the mixture heated to
boiling. The distillate was collected in a water separator. At first the distillate ,ms
cloudy and this was dried with calcium chloride before being returned to the system. V),en
no more water was collected in the water separator, the mixture was cooled to room tempera-
ture and the separator removed. Fumaryl chloride was introduced, followed by the aluminum
chloride which was added in four equal portions. Air w-a blown into the flask for a minute
to effect mixing, and the reaction sustained itself without the addition of heat for one hour.
Steam wms gradually introduced so that the reflux temperature was reached P.-1/2 hours after
the beginning of the reaction. After 3 hours of reflux, the hot liquid wan poured into
bucket. As cooling took place the slurry was vigorously agitated until it finally set up ,t
room temperr.i'e. This material was broken up and mixed with dilute ice cold HUIL. The solid
product was collected on a sintered fumnel, washed with water and with hexane. The crude
rraterial was recrystallized from methanol to give a product melting at 860C (uncorrected),
but after storage for several days the melting point was 89

0
C.

References- 20

(a) M. E. Hill, Praerstiono and Properties of 2,2-Dinitropropanol Eaters, NAVORD Report
No. 2479, 3 July 1952.

(b) D. L. Kouba and H. D. McNeil, Jr., Hercules Report on High Exploeives, Navy Contract
NOrd-11280, Task A, 26 may 1954

20_S. footnote 1, page 10.
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AMCP 706-177 Bix(2,2-Dnnitro~r22Y1) Succinate (tvws)

composition: Moecuilar Wiight: (C 10 H14N40 12) 382

c 31.4 Oxvton 3.lefted
Co.,% -63

H 3.7 CO % -21

N 1)4-T C2H*7o)C Deasiy: jm/,: crys CA 1 1.51

0 50.2 aiCH2 C2~C(Xo2 )2 CH3  MehtlOm Peint: 'C 86

C/H Ratio 0.250 Peenxing PeOW. 'C

Impftt Sensitivty, 2 Kg Wt: Sedilg F 1440: 'C
Bureau of Minos Apparatus, cmi

SonvpI. Wt 20 "V Ruleeetfre mdea, nO,
Picatinny Arsenal Apparatus, In.

Sornpi. Wt, mng4

Idctiee Peduhsm Towt: ve"O 11ily Too
Steel Shoo cc/4O His, of
Fiber Shoe 901C ..

1001c 0.2.0
Wifle Ilvllet Impect Teow Trials 120'C

Explosorts %135'C

Partial$ 15o1C

Burned 200Graw Semb SeaTest:
Unaffected Sand, Oms

bpleele. TemPesoture: C soseultvwiy to Inkelini4a
Seconds, 0. 1 (no cap used) - Minim4.sst Detonating Charge, gm

I - Mercury Fulminate
5 0Load As Ide

10 Tetryl

20 Ueiileiek Meetier, %. TNT:

Traelu Teot, %. TNT:
75'C Internationael Mooe Teoo: ~seo e

% Lous in 48 His PaeDmTo
Method

I 00C Neew Test: Condition

% Loss, 1st 48 Hrz Confined

% Loss, 2nd 48 Hrs Density, gm/cc

Explosion in 100 Hrs Brisonce, % TNT

Detoe"ele 1et":
FlammailihJty Ine:Confinemnent

conition
H~,,ese4cbt: ~Charge Diameater, In.

IVoletililty: Density, gm/cc
Rote, meters/second
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Bix(2,2-Dinlfropropyl) Succinate (.DNS) AMCP 706-177

FregMe sM TYoo: Sk1ped Chmeile Iffteciesess, TNT 100:

mm HI, /71 Pi.jeoctie, Lot WC-91: loss Cones Ste.id Cones

Density, sm/cc Hole Volume

C,)arge Wt, lb Hole Depth

Taftl Noe of Fremeon: 1A Whib•te

For 1 NT
For Subject HE

3 lack HE, M42AI Piejectle, Lee KC-$:

Density, gm/cc

Charge Wt, lb

Total N a. e04 FM Ogmev1tst 4Mo *I L edlog: cast

For TNT
For Subject HE

Leal O•eiety: gom/cc

Fragme* Velecity: ft/soc
At 9 ft
At 254 ft Sfeing:
Density, gm/cc

Method Dj-'r

Blast (Reletfoe t. THT) Hazard Class (Quantity.Distance)

AM: Compatibility Group
Peak. Pressure

Impulse Exudotion None

Energy

Air, Coofdand: Origin,
Impulse Synthesized in 1953 by M. E. Hil of the

Under Weter: iU.S. Naval Ordnence Laboratory, White Oak,

Peak Pressure

Impulse

Energy

U,,epgroad:

Peak Pressure

Impulse

Energy

11
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AMCP 706-177 Bia(2,2-Dlnitropropyl) Succinate (DNPs)

Prepaxation: (a)

2CH3C(N02 )2CHH + qffcocl AIM 2 C00CH2 C(NO2 )2CH 3  +2HC1
CaVC'0C % COOcC( N02 )2CH.)

succinyl aluminum
dinitropropanol chloride chloride bls(2,2-dinitropropyl) succinate

A methylene chloride solution of dinitropropanol (0.02 mol in 15 milliliters) was mixed
with 0.01 tol of succinyl chloride. To this solution 0.003 tol of crushed anhyv•rous aluminum
chloride was added. It was necessary to cool the reaction ressel due to the vigorousness of
the reaction. . After 25 minutes at room temperature the ref.ction solution was refluxed 1-1/2
hours. Fine needle-like crystals formed upon cooling and adding hexane. The crystals were
slurried in dilute hydrochloric acid and on recrystallization from methanol gave a 93% yield
of MtNPS (melting point 850 to 85.6 0C).

References: 21

(a) M. E. lU1l, Synthesis of Now , Explosives, NAVORD Report No. 2965, 1 April 1953.

2 1SOe footnote 1., page 10.

112

Downloaded from http://www.everyspec.com



2,2-Mnitropropyl-4,-4,4-Trinit.:'obutyrate (art'i) AMCP 706-177

Compeeitle: Molecular Weight: (cO 9 N 5012 ) 355
%

C 23.6 Oxygen Bal2nce:
CO, % -29

H 2.5 0CHIC(N0 2 )cf 3  CO % +2.3

11 19.7 CIMMO Desayl gam/cc cry'sta. 1.68

"". Making Point: 'C Form I 11 Form I1 95
0 54.2 3) F 111 59

C/H Ratio Froetsing Point: 'C

Impact Sensitivity, 2 KS Wt: Belling point: *C
Bureau of Mines Apparatus, cm,

Somple Wt 20 mg Refractive Ine,. no,
Picatinny Arsmnoa Apparatus, in.

Sample Wt, mg
n*_

FMctio Pe"alum Teo: Vcuum Stability Too-,

fteol She cc/40 Hrs, at

fiber Shte 9 'C --

100"C 0.5
kifle IBullet Impost Tool: Trials 1201C

o% 135*C
Partial$ 1501C

"Burned 20 Granq lomb Sevd Toot:

Unaffected SaOn, gm

bpleewe Temperature: C Se•sitivity to Initletle:

Seconds, 0 1 (no cap used) --- Minimum ODrtonating Charge, gm

1 ... Mei'cury Fulminate
5300 Lead AzIde

10 Te"Iy

20 Nlellistl Moemtr, % ThT:

Tnuvi Test, % TNY:
75C Internatlonal Haut Tesl:

% Loss in 48 Hts Moe Coat Thst.
Method

100'C Neat Test.- Condition

% Loss, Ist 48 Hrs Confined

% Laou, 2ndJ 48 Hrs Density, gm/cc

Explosion in 100 His Brisonco, % iN4T

Flammability Wnadx: Confinement

Condition
h% Charge Diameter, in.

oetlt:ensity, gm/c. 1.67
L Rote, mr•etsii/wond 76oo
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2n

.A2CP 7064177 2,2-mrlnitroprop)yl-4p,44-Trinitrobu1ty1t (DNMT)

lemeotetl Tot: Shaped CheIug Ef111th66 TNT 100:

90 mm HI. M71 Prejrtflk,, Let WC-91: Glks Coans Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

TeOlW NH. ef Freameatr: Wbite

For TNT

For Subject HE
PIadpell Uees

3 lack MhI M42AI Psejetie, Lot KC-5:

Density, gm/cc

Charge Wt, lb

Teel Ne. e* Fragmeet: Ma eo Ledig: C

For TNT

For Subject HE

_Oeenlay: g/cc 1.6T
FP.mai, Vaieity: ft/soc

At 9 ft
At 1•5V t- Sft ber :
Density, grm/c€

* Method Dry

Weot (Relative ft TNT)s Hazard Class (Quontity-Distance)

Alii compatibility Group
Peak Pressurq

Impulse Exudation N'one

EnerGy

AHeat of: (c) Solvent

Impulse Transition, cal/r' E27 -af~n
I - 111 6.2 4,.8

Us&de Weren
Peak Pressure Ii -- - I -16.6 -22.0

Impulse Heat of Solution, •O0C..
Energy AH Solution, Cal/gl

Material CC14 22

P00: Pressures Form III 29.• 8.1
Form I 35.6 12.8

Impuls Form 11 19.1 .9.1

* Origin:

Syrr%;hesized in 1952 by M. E. Wi± of the

U.S. Noval Ordnance Laboratory, White Oak.
Maryland.
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22.Dntorpl444Tiirb to( M AMCP 7064177

'reparation: (a, b)

H3(122H + (No2) 3CCH2 %fCOC2 AMC1 3

trinitrobutyry aluminum J
dintproproanol chloride chlori de

CH3C(No2)2CHooC(NO2)3  + HCi

"nitrogropyl trinitrobutyrste

menitropropanol, trirnitrobutyryl chloride and alumirum chloride were slowly uizad in car-
bon tetr-achloride at 600C. This mixture v refluxed at 750C for two hours. Aftsr the reac-
tion was completed, the mixture wias cooledi und the crystalline product separ~atd and purified.
Water in the dinitroproptno). was removed by suootropic distillation before the acid chloride
was added. The purified product had a melting point of 95 0 to 960c.

Crystallographic JDitA: (c)

Three distinct crystallographic modifications of t*IPT ha-e been observed. These poly-
morph. have been characterized by means ot X-ray diffraction and microscopic robservat~ on.
Form I crystallizes from solution in carbon tetrachloride, chloroform, acetone, chloroform-
hexane, acetone-water, or methanol-water at room teqperature. Prolonged standing of Form I
at room temperature under the mother liquor promotes a transition to Yorm 11. Upon solidi-
fication of molten DNP11B, Form XIIis alveys observed.

idnear, Rate of 'frsenformation of Form 11 to Form I (c)

Ttm~era~urep Average Rate, Stndard I Average Rate,
C sq, inch/hour r. lation 4 m/hour

15 0.34+7 0.036 0.012

20 o.4+35 0.025 0.123

25 o.452 0.048 0.133

30 0.475 0.049 0.l140

35 0.253 0. 0 Y' 0.075

Both Forms I and III gave very erratin sensitivity values. The high temperature polymurphp
Form II of DNM2, gave consistent sensitivity values.

Bflearer~ces-22

(a) M. E. Hill, Prpration and Properties of 2,2-Ilinitropropenol Esters, NALVORD Report
No. 21+97, 3 July I92

(b) W. B4. Hoawson, Hercules Report on High Excplosives, Navy Contract lIOrd-11280, Twok A,
18 October 1954.

(a) J. fl. Holden and J. Wenograd, Phyvsical Prop~ttesjjjR ani Experimental Castable Explo,
siye 2,2-Digitropropyl 2.14.1+-Trinitrobutyrate DNP~Th, NAVORD Report No. 14127, 11 Decembe'r 19!'i.

2256 footnote 1, page 10.
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AMCP 706-177 2, 4-IDinitrotoluene (ttlT)

CampaIitn oeclrWegte(e620) 18
% H3 o xyg e n Bl al n ce .

H 33NO 2  CO % - 53

N 154 Ddasity: gm/cc 1.521

0 35.0 NO2 Mlig CT

C/H Ratio 0.579 Friesling Point: *C

Impact Sensitivty, 2 Kg Wit lowng Point: *C Decomposes 300
Bureau of Minos Apparatus, cm

Sample Wt 20 mg Riefreetlys Wadx, no~
Picatinny Arsitnal Apparatus, In.

Sample Wt, mg nt

Friction Pendulum Test: Vacuuam Stability Test:
Steel Shot Unaffected cc/40 Hru, at
Fiber -Shoe Unaffected 901C

lilfit Bulk#t Impact Toot: Trials 1001C 00

Expiosions 0 3*

Partial& 15O'C

Burned 0 200 Gram tomb Sued Test:
Unaffected 100 Sand, gm 19.3

Expleeion Temnperature; *C Sensitivity to Initiatio.a
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Decomnposes 310 Lead Azide 0.20

10 Tetlyl 0.25
15 

SlitcMra.%TT a20 lelsl atr N:() 71
Tou'aul Test, % TNT: (b) 64

75'C atsrn~etl~nel Hoiet Test: ;
% Loss in 48 Hrs PetDn et

Method

100'C Heet Test: Condition
* Loss, 1st 48 H-rs Confined

* Loss, 2nd A8 Hrs Density, gm/cc

Explosion in 100 Mrs Brisonce, % TNT

*Deteonatio pete:
FIamm,.hjIty Index: Confinement

* Conditioni
HIyg*ePlctY: % 250C, 1007, JIl 0.00 Charge Diameter, in.

Volatility.Density, gm/cc
Volatlity:Rate, meters/second
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2,4-Dinitrotoluene_(hiT) AMCP 706-77

Ftmaiiaestela Teo-, SWePe cht Weffsifem.ss. TRY IGO0:

90 ow H1. M71 Fresjet, Lot W.Z-91: Gloss Conns Steel Cones
Density, gmn/cc Hole Volumes
Charge Wt, lb Haol Depth

* fe~~TeW No. Of Frogmeels: I:Yelo
For TNTcoo.Ylw

* ~For Su.bject HE
Priesipell Uoes Ingredient of propel lant

3 Wh HE., M42AI Pejrtli. WeGI CJ-t powder, dynamites and

Density, gm/cc plastic explosives;

Chorgo Wt, lb

fTOl NO. O Ff"egmee: Metiv.el f Loodig: Pressed, extruded or cast
For TNT composition
For Subject HE

__________________________Loeok" Dsealp g/cc Variable

At 9 ft
At 25)/ ft ~eee
Densty, gm/cc

Ihet 1T IeeIV, w N) Haosrd Class (Quortity-Distancut) Class lP

Alin Compatibility Grou Group D
Peak Pressure

* ~~Energy _ _ _ _ _ _ _ _

Allp Coateds65.50C )a Test:

Imnpulse Minutes 60+

Udele W~tf Rost of:
Peak Pressure
Imnpulse Combustion, col/gal (b) 15l45

Energy' Thermas Conducrivi ty:

uaýý A 8 ý Icsl/sec/co/
0 C4

Peak Pressure Donsi ty 1. 322 Is/cc 6.26 x o
Iwmplse
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rR

AMCP 706-177 2,4-•introtauen* (m)

Pr~eparti on:

see WT.

Solubilly: gm'/100 gm of the follaidng substances:

Ethl cohol Nitrogl~ycerin Water

25 O.16 20 3D 22 0.027
35 0.29 50 0.037
45 0.49 100 0.254
55 0.77
60 1.03

Solubility at 152C, i1.:

Solvent Solvent

CHc 3 65.o76 C-oH (absolute) 3.039
=42.4.31 iir(bolute) 9.422

60.644 A-etmia 81.901
Tbluol 45.470 Ey2. acetate 57.929

ClIM5.014 CS2  2.306
V;&oz 'g6% 1.916 rPyridine 76.810

Origin:

Occurs asT 5% of the products obtained on the nitration of toluene, the remaining 25% being
waiuly 2,6-m and other Isomers of l•.T Also occurs "n an impurity in crude TNT obtained by
standard mnlacturing process. Used in explosive mixtures at least since 1931.

Refavvnces: 23

(s) L. C. Shith and E. G. Wyater, eftysical Testing of Explosives. Pert III - Miscellaneous
Sensitivity Tests, Perforrance Tests, Oa81 Report No. 5746, L7 December 1945.

(b) A. 1. Matt, Compilation of I~ta on Organic Explosives, OSRD Report No. 2014, 29 Febru-
ary 1944.

(d) Also see the following Piaetinny Arsenal TechnIcal Reports on DNT:

0 1, 6 8 2
810 1351 72 43 39 1 1615 186 97 768 69

1830 1501 372 233 80 2125 1556 817 938 149
1651 9'12 343 1o44 1816 837 158 249
1781 _-4- 673 1084 1896 279
1821 16TP 1023 1094 779
2032. 1692 1663 in64 1749
2221 1743 124

2013 1464
1524
1674
17514
2094

"lSes a.o 3z ot 1. page 10,
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Dipentaerythritol Hexanitrate (DPnm) AMCP 706-177

joIlec•lar Weiglh: (COH1 6N6019 ) 554%
C 21.7Oxygen salue"*

S2.9 CO. % -26H 2.9 ,2•° .r co % + 3
N 15.2 ONO N021 C%4

0 60.2 1 2 12ton2  b2 e,,ty: gm/cc crystal 1.63
ON2 ocH2 -oH2 -CH- c- 2 oNo 2  Meltig P0iit: CC 73.7

C/H Ratio 0.154 0112 0bII 2  " isesiug Point: 'C

Impact Sea.Jl#ty, 2 Kq; Wt: "alling Point: "C
Bureau of Minws Appara~tus, cm 14+

Sample Wt 20 mg RIthactive )*dA'. ni
Pic•tinny Arsenal Apparatus, in. 4

Sample Wt, mg 10 n"
flu.

FrIctIo Peoduium Test: Vacuum Stoality Teti

Steel shoo Explodes c€./40 Hrs, at

Fiber Shoe Uaffeectad 90"C

100oC 3.7
111. Bhllet Impact Test: Triols 120*C 11+

% 135"C
Explosions 1501C
Partials

Burred 200 11rem EmoAb SaiW Te:

Unaffected Sand, gm 5T. 4

Expleuson Temperature: C Seseaicvty ie Inlfietleat

Seconds, 0. 1 (no cap used) Minimum Netonoting Charge, gm

1 300 Mercury Fulminate
5 Explodes 255 Lod Azldo

10 Tetryl

15

20 30~811154 Matter, %4 THY: (s 142

Truui 'raiT, % TNT. (b) 1"'-

75*C Iasroortlkoel HNe TeeT:
% Loss In AS Hrs bent TeeIo

Method

100"C Meet Test: Conditiol

% Loss, lst 48 Hri Confined

% Loss, 2nd 4G Hrs 0.10 oDenily, gm/cc

"Explosion ir 100 Mrs NonBriso % TNT

Flemmabillty laest Confinement Coper, tube

Condition Pressed
"Mmgg,"IIy: % 0.03 Charge Ditomefr, in. 0.39

Density, gmn/-c 1.59

Rote, ,neters/seond 7410

lit)

~ ~ ' II H i--l l
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AMCP 706-177 Dpentaerythritol Hex••itrate (DP1O)

Fi#emwke#4 Tet: Spepll Char#e lffclvesee, TNT = 100:

90w mm E LM71 P,.ject~ie, Let WC-91: Glass Cones Steel Cones

Denity, gmn/cc Hole Volume

Charge Wt, lb Hole Depth

Te*el N". of F e: e White

i.,r TNIT
For Sbject HE

?ilpell Uus Ingredient of priming
3 Inch HE. ML4Al PIFecffle, Lot C : KoCoiPtio

Density, gin/cc

Charge Wt, lb

T"ta Me. of FMOgmeues: Medmed of Lsedleg: Pressed
For TNT
For Subiect HE

____ ____ ___ ____ ____ ___ Leed'sg Deesly: Qm/cc

F.oac Velo•ty, ft/w At 3000 to 4000 psi 1.59
At 9 ft
At 2S½ ft S~eoee:
Density, grni"

Methw Dr

skut (R.Ie"Ve to TNT)h Haward Cls (Quntlty.Distonce) Class 9

Ain Compatibillty Group
Peok Pssur.e

Impoul ExuLation
Energy__ _ _ _ _ _ _ _ _

Air, Caieeds t (Chewitr of Powder and

lmpulwe Oive0 , PDvis)

P•,k Peu.o (Ho-.• c-o-c•cC -oJ) 3  - 4
Impuls (02No-CH) 3c-o-c(c%-.oN2 )3
Energy Dipentaerythritol Hexonitrato is procured

In the pure sotate (melting point T2°C) by
UAde"rgew: fractional crystallization of crude PETM

Peak Press•ue from moiat acetone.

Impl"se Origin: Formed onc an impurity iii the prepe-

Energy ration of PErN. Propertias first described
by W. Frederick and W. Brrn in 1930
(Dýer chte 6 , 2861 (1930); Z. ges Schelss-

Spreg, om , T3-6, 125-7, 156-8 (193))

Heat of:

Combustion, cal/gm 2260
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Direntaerythritol Eexmltrate (DW AJ(CP 706-177

Refer-ences: 24

(a) L. C. Smith and E. G. Eyster, Physcal Tooting of Exlouivee Pert 7.11 - iSCOel.4:1COUS
Sensitivity Tests, Performance Tlests, OMUD Report No.576 fLet 4.

(b) A. Stettbac.har, Die Schiess und Spreugstoffe, LeiPsiz, P. 363.

(c) T. L. Mavis, Tht Chemistry of Poivder' and Explosives, John Wiley and Sons, Inc,, Ney
York (1943) pp. 218-2L.3.

(4) S. Livingston, Characteristics of fcplowives W4 and EPM PATR No. 1561, 6 3ept~mber
194+5.

24S~ foonote1. Pogo 10.
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AMCP 706-177 Pynamte, Low Velocity, Picatinny Arsenal (LVD)

CiMe ; 99.5/0,5 RDX/1-MA dYe* 17.5 Molecule, Weight:

TT 67.8 Oxyvm I3.ieaco:
T~ipentaerythritol 8.6 CO %
68/32 Vistac No I/DOS binders- 4.1 CO %
Cellulose acetate, LH-I 2.0

*RMl, Class E; 1-MA Is 96% pure 1-methiylawino- DOOIQ3 g9i /cc Loadlng 0.9
anthraquinozne.
**Vi6stc No 1 in lcr MW polybutene; DOS Ii MaltO Prelt: 'C
dioctylsebacate.

C/H Rotio P1esuulg Pew.: "C

lopedc Seedtlvity, 2 Kg Wh "lMae eqe: *C
Bureau of Mines Apporatus, cm

Sample Wt 20 mg Rollfsevlv h0de3, n%
Picotinny Arsenal Apparatus, in, 22

Sample Wt, rng 19 118

no.

Frit.a Peuduleam Tool: Veco Subldlly Test:

Steel Shoe Unaffected cc/40 Hrs, at
Fiber Shoe Unaffected 90"C

1001C
Rifle Sulket loeIm t Toil: Trials 120"C 0.90

E r% 135'C

Partial$ 1501C

Burned 200 Grem lboot Seed Teoo:

Unaffected Sand, gm 40.5

KlpleeJee Te•lue we: wC Seee"ltey to Iluitltle:
Seconds, 0.1 (no cop used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Ignites 8 Load Azide 0.20

10 Tetryl 0.15

20 sNIWk Mole, % TNT: 92

Trtedi TeO, % TNT:

7'C lontutePWeel Hee TeoT
% Loss in 48 Hns two beat Tew:

Method

100'•C Hoo Test Condition

* Loss, Ist 48 Hrs Confined

* Lou, 2rd 48 H Doiensity, gm/cc

Eplation in 100 Hrs Brisonce, % TNT

Flolotdility Iftiles: Confinement None

Condition Hand taped
NygroeOpleltly: 9 O 31 Charge Diameter, In. 1,25

710C. 954 , . •d, ,a sfactorv De-nsty, gm/cc 0.9
Vehlell•fy: Rote, meters/,econd 4W3)7; or 114400 ft/iec
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Dynamite, Low Velocity, Picetinny Arsena. (LVD) AMCP 70-177

FVgmentattIe Test: Shaped Charg1e EfCtivenesa, TNT 100:

90 mm HE. M71 Prjectile. Let WC-9i: Glass Cones Steel Conr.

Density, gm/cc Hole Voluou

Charge Wt, lb Hole Depth

T ftal Ne. of r alwAm etat : c o r p i k

For TNT
For Subject HE

PIalI Uses: Excavation, demolition,

3 luck HE, M42AI Prijctilk, Let KC-5: land cartering

Density, gm/cc

Charge Wt, lb

T"tal No, e Fregeswh: Mt of a4Ladla: Fall Packer machine loaded

Far TNT
For Subject HE

_LesdW belely: gm/cc 0. q

FreMQuet Valetdty: ft/sec Tamped cartridge 1-1/2" diameter, 8" long
"At 9 ft
At 25yi ft Slge:

Density, gm/cc
Method Dry

Bllet (eibtive to THUh Hazord Class (Quantlty-ODistanc) Class 9

AnConpatibility Group Group A
Pock Presiurs

IrnpuUbeX fldotb

Energy
Sensitivi t to Initiation-

, 4,6 Stick dry, No. 6 Electric cap Positive
Impulse Stick dryo Corps of Engineers Positive

Stick wet, Corps of Engineers Positive

U1 all Wowae -ArGat roesion:
Peak Plaskure Max distance will, inch 2-1/2
Irnk ini distance will not, inch 3
E nseg, 5tick Water Immersion:

Weight gain, 9-16
U-d ,V000do Rest of.- 62

Peak Presauce Mmroa ion, Cal/5m 625

i IWse Gas Volume, c/tgm 611

Ener Cold Storage: Plastic to -65°F
Lo- Temperature Usage:

-65"F, 1 day, M2 cap
crimper Satisfactory
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AMCP 706.177 Dynamite,_rjov Velocity, Picatinny Arsenal (LVD)(

Preparation:

To date this dynamite bias been prepared on a laboratory scale, the details of which are
classified. it has been shown, however, to be machine loadable on a Fall packing machine.

Origin:

Nobel invented the original dynamite in 1866 and gave the name dynautite to mixtures of'
nitroglycerin and kieseJ.guhr. 7he strength of a dynamite was indicated by the percentage
of M~ in the mixture. Later oxidants and comibustibles were substituted for the kieselguhr,
and ammonium nitrate and/or nitrostarch replaced the W3, bringing into existence new types
of dynamites. World War Il military operations required specia~l demolition and cratering
explosives freei from~ the objectionable characteristics of M3 and many "dynamite substitutes"
were developed for specific applications. The subject low velocity dynamite was developed In
1956 by Picetiuxiy Arsenal (Ref a),

References: 25

(a) H. W. Voigt, Deeopet of v-VelocitMi litary Ecplosives Eqauivalent to Commwercial
Dy~namites, PA Technica Report 2374, March 1957.

(b~) Also see the following Picatinny Arsenal Technical Reports on Dyrnamites:

0 1 2 4 1.1 E 2.
1260 l13B 782 864 1285 146 507 848 1819
1360 1611 1532 1~4624 1436 957 1828
1720 1506
1760 2056

2 5 Sgg footnote 1, poeg 10.
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ynmite, Medium Velocity, Hercules (WD AMCP706-177

C ouit'o: 1Molecular Weight:% 1
lDX 75 Oxygen Balance:R 75 CO % -51TNT 15 CO %
Starch 5
SAE No. 10 Ol 4D
Vistanex oil gel* 1 Denetty. gm/cc . 1.1

*80/15/5, SPE No. 10 weight oil/Vistanex B- MelNg Point: 'C
120XC/Navy L wax.

C/H Ratio Freezing Point: 'C

Impact Sensitivity, 2 Kg Wt: Nitroglycerin Equivalent, % 60
Bureau of Mines Apparatus, cm' >100

Sample Wt 20 mg 18 Refrective Index, n'
Picotinny Arsenal Apparatus, in. 25 nla

Sample Wt, mg is

Friction Pendulum Tet: Vacuum Stability Test:

Steel Shoe Cracldles cc/40 Hi's, at

Fiber Shoe Unoffected 90*C
100'C 0.8O

Rille lullst Impact Test: Trials 120'C 0.9

% 135'C
Explosions 0

Partials 0 150'C

Burned 10 200 Grami Bomb Send Test:

Unaffected 90 3ond, gm 52.6

Explooeln Temperature: C Sensettiity te Initiation:
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Lead Axide 0.20

10 Tetryl 0.10

15
20 Seillatic Meter, % TNT: 122

Tmau.i Test, Ye TNT:
751C Intemeational Heat Test: Plate Dent Test:

% Loss in 48 Hrs Method
Method

100'C Heat Teo: Condition

% Loss, I t 48 Hrs 0.62 Confined

% Loss, 2nd 48 Hrs 0.12 Density, gm/cc

Explosion in 100 Hrs None Brisonce, % TNT

Deafteatio" Rate:
Flammability ie4kx: Confinement None

Condition Machine taraped
Hy71•0•C•,• Ric,: dA Charge Olorneter, In. 1.50,71°CP 95% FI 30 days ,, Sotinsfactosi Density, gin/cc 1.1
Volatility: Rote, meters/second (00-46(00; or 20,000 ft/aec
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AMCP 706-177 Dynamite, 1,5edium Velocity, Hercules (tWD)

Fragmentation Test: ShpaWd Cheq. Effote-vemw, TNT 100:

90 mm HE, M71 Projectile, Lot WC-91: Glo Cones Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Total No. of Frme nih: C.i- Buff

For TNT
For Subjtect HE

Pracipal Usses: cavation, demolition, and

3 inc HML M42AI Prjectk, Lot KC-5: craterinG

Density, gmn/cc

Charge Wt, lb

Total No. of Frgiei Maoid ofLU WIn: Hall Packer mmchine loode*

For TNT

For Subject HE

Leo""n, Densty: gmn/cc 1.1

Freolmet Velocity: ft/se Cartridge 1-1/2" diameter, 8" long

At 9 ft
At 251/ ft Stae:

Density, gm/cc
Method

Ilet (Reletive t TNT): Hazard Class (Quantity-Distance) Cl•ss 9

Air: Comapalibility Group Group A

Peok Pressure

Impulse Exudation

Energy

0Senjitivit•to Xnitiation:
Mr, Camillae: Sti ", io. 6lecctrc cap Positive

Impulse Stick dry, Corps of Engineers Positive
Stick vet, Corps of

Undo, Water Engineers > 50% Positive

Peak Pressure Air Gap Propagation:
Impulse Mlax distance will, inch 1

Mnm distance vilI not, inch 2-1/2

quarry Performance, 4 tons rock/ton
hexlofivi:

Peak Pressure Stick Water Immersion:
Imakprsulre Weight gain, 25-2THeat of:
Energy =zp osion, cal•/ 935

Gas Volume, cc/gm 945

Cold Storage_: Plastic to -700 P
gow T rture UUsge:

-6MF 1any, MR cap

crimper Satiaftctory

126

Downloaded from http://www.everyspec.com



Wm.nette, Medium Velocity, Hercules (MVD) AMCP 706-177

Prepiq tior:

1nufttured on standard dynamite linie and packaged on a Hall packing machine. Details of
handling mterivat and tachniques of manufacture are classifird.

Origin:

Military force* frequently require excavation, deolition, and crater~ng operations for
which standard high explosives are unsuitabl2. Co~ercial blasting explosives, except black
powder, ^-e called dynamites although they may contain no nitrolycerin. The subject dynamite
subst~tutte was developed in 1952 by the Hercules .owder Company (Ref a).

Referenc•s? 26

(a) W. R. Baldwin, Jr., Blasting Explosives (Dynamite Subsaitute), Hercules Powder Comp;Any
Formal Progress Report, RI 20b, 15 August 1952, Army Contract Dk-36-034-ORD-II0.

(b) Y. W. Voigt, DevelopMntof o Military Explosives E~uivalent to Commercial
Bynemitss, PA Technica1 Report ih .9,7

2 6
Sae footnote 1, page 10.
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•1z i -•' '"v° 4. • .. ,:. .• .

,.W"

AMCP 706-177 EC Dlank Ftre

Ceomoseitioa: Mielecuh Weight: Approxietiely 503

"1,rocellulose, 13,25 N 80 Oxygen Bla3nce:
Barium Nitrate 8 CO, * +5
Potassium Nitrate 8 CO % -25
Starch 3
Diphenylamine 0.75 Deuaity: gm/cc
Aurine 0.25 ..Meithsg Pednh: *C

C/H Ratio Freteaig Point: 'C

Impact Senalstv',ty, 2 K9 Wt: l"eUns Paist: C
Bureau of Aines Apporatus, cm 19

Sample Wt 20 mg Refractive Index. no
Picotir.,y Arsenal Apparatus, in.

Sample Wt, mg 20 nod
' no

ýrkction Pendulum Test: Vacuum Stebility Test:

Steel Shoe Snaps cc/40 Hrn, at

Fiber Shoe 901C
100" C -

Rifle lullee Impact Test: Triaol 120'C
qb 135'C •-

Explosions 1351C

Partials _ _ ___
Burned 200 G'e., Bomb Sawnd Teo:

Unaffected San, gm 46.8

Exploeio Temperetur.: C Senitivit! to Iitavtion:

Seconds, 0. 1 (no cap used) Minimum ICo.omtlng Charge, gm

I Mercury Fulminate 0.22
5 Decomposes 200 Load Azide

10 TOtryl

IS
20 sinlls•4C Me.lv, % TNT:

T*'ewdleTst, % TNT:,u='

75'C Internetionel Heet Ts UT

OL Loss in 48 Hrs 1.8 Plt6 Okst Test:
Method

100'C Most Test: U.-dition

* Loss, Ist 48 Hrs 2.0 Confined

% Loss, 2nd 418 Hrs 0.2 Density, gm/cc

Explosion in 100 Hrs None Brisonce, % TNT

enelo•e NRote:
Flammability Index: Confiownent

Hygra•e**c y: % 300C, 90',,' M 6.i Charge Diameter, in.

Voletility: 
Density, gm/cc

Rote, meters/second
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W¢ Blank Fire AXCP 706177

Freaesetete Tew: Skeped Chaete fffecOwoeee, TNT = 100:

9amME E, W,71 Prejectile, Lot WC-91: oe Cwn s Stee Cones
Den&4, gm/cc Hole Voluan

Charge Wt, lb Hole Depth

Total o f Fetsmosesf -

- For TNT
For Subject HE

PFdacal Umtt Grenades; caliber . 30 blank
3 1"h HC k4•2; Projetle, Lot KC-C5:

ensity, grm/cc
Chorg% Wt, lb

Yll'ees1 N•. of F t: L e4 lag Loosea

For TnT
Fcw Subject HE

•_ _ _ _ _ _ Leeda Denafty: gm/cc O.4o

YFrSMeu Vele~if: ft/We
At 9 ft
At 25½ ft Star*":
Emlnsty, gm/cc

Meth(d Wet

Ikc* (luletive to TNT): Hazard ClO$$ {QuKntity-.lstonce) Class 0

AlC-ompatibtllity Group Group J
Peak Pressure

irmPulsd Exudation

Energy________________________

Pryeeration, EC Blank Fire is a partially
Air, Ceafim: colloided propellunt -•anufactured by a pro-

Inpulse cess using either acetone and ethanol or a
mixture of butyl acetate and benzene to

Uade We#e: gelatinize only a part of the nitrocellu-
Peak Pressure lose. The process ia controlled so that
hpuIse the product pesses through a No. 12 sieve"and is retained on a No. 50 sieve.
Energy

Origin*

U*&eSadrg : Invented in 1882 as bulk sporting (amoke-
Peak Preoure less) powder by W. F. Reid end D. Johnson at
104MI the Explosive Company (whence the name "EC)

Enegro in E-5lanl (BrTtish Patent 619).

Retfrences:-/(a) See the following Picatinny .20°C Heat Teat: *inutes
Arsenal Technical Reports on EC Blank Fire: 891, Salmon Pink
901, 372, 512, 822, 233, 1373, 854, 65, 667, Red Fumeas 300+
817, 69, 579 and 1399. •-lodes 300+

"1-Sut foutnote 1, pare 10.
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AMCP 706177

Compositlen: M ,,et4 Weight: 178

Haleite (Ethylene Dinitz.uaine) 55 CO , %e -51

TNT 45 CO % -17
Denslty: gm/cc Cast 1.62

Melting Point: "C Eutectic 80

C/H Ratio Freeuzng Point: "C

Impect Senultivity, 2 Kg Wt: lelN0g Poent: IC
Bureau of Mines Apparatus, cm 95

Samp!e Wt 20 mg Refractive Inewx, no
Picotinn- Arsenal Apparatus, in.

Sample Wt, mg 20 nag
no.

Friction Pendulum Tftt Ve"Wm Stebi:it Test:

Steel Shos Unaffected cc/40 Hrs, at

Fiber Shot Unaffected 901C
100"C 1.0

Rifle , llet ilmpct Test: Trials 120'C 1.0

9% 135oC

E xplosions 0*

Partials 0 |50C

Burned 7 200 Gmra •l.e•b Sad Tet:
Unaffected 93 Sand, gm 149.14

Explulo Yempeeetvn: * 'C 36019lYIty to i4 : -I.iti----

Seconds, 0. 1 (no rap used) 435 Minrnim Detonating C.aroe, gm-

1 248 Mercury FuJminote 0. ,".2"
5 Decoposes 190 L Azke 0,26*

10 183 T
15 176 *Alte.u2'Lve initiating charges.

20 168 Sllilic Moee,, % TNT: (a) 119
,,*C(o~omitton lnleite/I, 60/140. ~ TmU TeA, % TNY: (b) 120

75'C Intemerlnael Heet TeO:
%6 Lois in 48 Hrs Plots Dent Teoo: 52/48

Method

10(0C Heat Test: Condition Cast

% Loss, Ist 48 Hes 0.2 Confined No

"% Lou, 2nd 48 Hm 0.1 Density, gm/cc 1.62

Explosilon In 100 Hvi None Brisonce, % TNT 112

OeteNe"le ROte:
Flhmmebiitty Indes: Will not cont1inue tdburn Confinement None

Condition Coit
Hygreepcpkl*t: 9 None Chorge Diameter, in. 1.0

Volatility: Density, gm/cc 1.63

Ryate, ,eters/sond 3•W
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Ed.ato_, 55/45 AMCP 70& 177

fuepee¢ "is Tetst 5.p* Ch,91 o KffeKtlve'f , TNT = 100 50/

mm HE, M71 Psejoelh Lot WC-91: Gloss Cones Steel Cones
Density, goi/cc 1.56 1.62 Hale Volume 126 123

Charge Wt, R) 2.065 2.092 Holt Depth 117 121

Tee Nme. of Fmei*ole Cs. Yellov

For TNT 703 703
PF4icipel Usem Projectilee, bombs; special

3 loch NIL M4H 1 IPpoisetl, W KC-S1 ammunition cosonente

Deraity, gm/cc 1.60

Charge Wt, lb 0.8_45

Teoal Ne. ef Fregpmwem Mo d of ,,"M 3,caste

For TNT 51N t
Far Subject HE 536

_____________________________ Loodlag DOselt': am/cc 1.65

FreM$*wO YdAhiy: f't/we
At 9 ft 2T3) 0
At 25%ft 2143o "V"
Density, gm/cc 1.62 SMetho I

Ikit (elelhwv te TWT) (d, e) tfoozad Clan (Quontlty-Oitonce) class 9

Air: Conpotibillty Group Group I
Peak Pressure 108

Ir'pulad 110 Exudotlcn Does not exude at 650C

Energy 108 __________________________

Mr, Ce4• fed:ct Tmerature, °C: /09.8

Impulsa 7m lHaleite/100 am TNT
79.8 0 C o.148
95.0OC 1.12

Peak PresSUre . Coinpatibility with Metals:

Impulse *.. y Brass, aluminum, stainless steel,
mill steel, mild steel coated with acid-Energr 113 proof black paint, and mild steel plated

with cadmium or nickel are unaffected. Cop-
UW q d per, manecium, magnesium-aluminum allo: and

Peok Preauurv mild steel plated with copper or zinc are

Impulsa slightly affected.
"Enervy Wet: Copper, brass, magnesium, magnesium-

Booster Sensitivity Tenti (d) aluZTnum alloy, mild steel, mild steel coated

Condition Cast with acid-proof black peint and mild steal
TettrIl, gm 100 plated with ccpper, cadmium, nickel or zinc
Wax, in. tor 50% Detonation 1.28 are heavily attacked. Aluminum is slightly
Pensity, gm/co 1,6 affected and stainleab iteel is unaffected.
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0'..

AMCP 7064177 Ednatol, 5514~5

Preparation.,

Wet Haleite in added slowly to molton TNT he.ated at about 1000 C in a isteam jaciteted melting
kettle ea 'uipped with~ a stirrer. Heating and atirring are continued until all moisture is
evaporated. Loading is done by pouring the mixture cooled to 850 C.

Origin:

Mixtures of Waeite (ErtNA) and TN~T, designated Zdnatol, ware developed at Picatinxiy Arnenal
just prior to World War Il.

References! 28

(a) L. C. P ~tt and E. G. Eý'ster, Physical Testing of &c loa1,ves. Part III -Miscellaneous

Sensitivity Tesat; Performance Testst , OSD Report No. ,746.27 De.cember 194S.

(b) Philip C. Keenan and Dorothy-C. Pipes, Tbble of Military High EPxlloaives, Scond Revi-
sion, NAVORD Report No. 8T-46, 26 July 1946.So a

(a) D. P. Ma~cDougall, Methods of Physical Teatirug, OSRI) Report No. 803, 11 Au~gust 1942.

(d) L. C. Smith and S. B. Welton, A Consideration of RDX/Wax Mixture~s as a Subatitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949.

jqe) W. R. Tomlinson, Jr., Bleast Effects of Bomb Explosives, PA Tach Div Lecture, 9 April

(f) Eastern Laboratory, du Pont, netitonof Cavity Effect, &ec 111, Variation of
Cavit Effect w~t oposItion, NDRC Cnrt -7-ORD-5723.

(g) Eastern Laboratory, du Pont, Investigation of Cavity Effect, F~inal Report, 18 Septem-
ber 1943, NDRC Contract W-672-ORD-5f23_.

(h) Also see the f~llowing Picatinny Arsenal Technical Reports on Eclnatol:

0 1 2 a .1 2.
2.29 1291 1162 1193 1294 1325 1796 1457 1198 1279
1400 1452. 137r2 1363 1434 1395 1477 1.388 1469
1420 1651 1482 1493 1885 1T37 1838
1530 1797

28Sde footnote 1, page 10.
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Ethylowne GLycol Di-Trinitrobutyraet (GoiB) AMCP 7064177

Coowpoltio..Molee I Weght (C10H12N6076 468

C 25.6 OZygea Sollouce

H 2.6 CO % 0

N r 1.1 f 2V"* 3 Deinytv Om/CC Crystal 1.63

o 54. CH002%ai2C(NO 3) M~eaih Few:l -C 96

C/H Ratio 0.235 PeeoIe Peolt 1C

Impoct Sensitivity, 2 Kg Wt: I5l4g POW:1 *C
Buriau of Mines Apparatus, cm

SGmple Wt 20 mg UlReEtie INu&Mo. no
Picatinny Arsenal Appoarlus, in.

Sample Wt, "V

Frk#Wo~ Pentdulum Toot: y*COU SoUI 2,t Tool:
Stool Shoe cc/40 Hrs, at
Fiber Shoe 90*C

IR#$ Illuelhi lmped T*ot: Trials 120*C

Ebploslons 3'

Partial 1501C_________________________

Burned ZGrGess lob Seed Tool
Unaffected Sand, gmn

1sploulou. Tomptvotuuo: CSOMsel~liy to l.lWlOVOWS
Seconds, 0. 1 (no cap used) - -- Minimumn Detonating Chavoo, gmi

I --- Mercwry Fulminate
5 50% point 230 Lea Axd

10 Tetryl
is
20 Ilelelde Moubeu. % ThTs

Tuetes Tool, % TNTs
751C l,,fteo ol A oot Tool: Note bo T4

% Laoss In 48 Hrs Mt~

IlO't Hoot Toot: Conditaio

% Lass, I st 48 Hes Confined

% Loss, 2nd 48 Hrs Nonelty, gm/cc

Explasioss in 100 Hvs Brisance, % TNT

D&Nesedh RON?:
PeSaMOOM4U~y loedos: Confinonint

Hygreeepkiyl %Charge Diameter, In.
Ve~t~it~:Density, gm/cc 1.63
OWO3Rots, motors/second T31.0
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AMCP 706-177 pthylene Glycol Di-Trinitrobutymte (OTNB)

Fememtetle Test: Shape Charle Iffectlven ", TNT = 100:

90 mm HE, M71 Projectile, Let WC-91: Gloss Cons Steel cane"

Density, gm/cc Hole Volumn
Chorge Wt, lb Hole Depth

Te"el No. oe Fremenets

For TNT
For Subjeci HE

FrIlcKil Uem: Casting mediu for HE aompounda
3 la.k HE, M42AI Prejelk, Lot KC-4:

Demsty, gm/cc
C0'rge Wt, lb

Teetl N". of Frolle oo pt : M oeth 4 ofel uS g: C ast

For TNT
For Subject HE

__Lseell Doeasy: gm/cc 1.60

FPeegmetr YelV'ey: ft/sec
At 9 ft
At 25½ ft fte

Denity, gm/cc
MethodDr

11140 Mole to T'T)S Hazard Class (Quantlty-Dlatomce)

Ali Coryotlbillty Grouw
Peak Premsue
lIw.-Ate Emidotion None

E n r yP re p ar atio n : (a )

ImlPufi By the addition of nitroform to ethylene
glycol diaclylate. As the method oftpreps-

U""• W~e ration often leeds to products diffioult to
Pock Pos purify, a prepration friom ethylene glycol

Invs aend pure trinitrobutyric acid is in process.

Energy Origint

Usdeegvoemll First synthesized in 1951 by the U.S.
Peak Pressure lRubber Cwpeny, Reseerch and Developmrint
Ir~ulss General Laboratories, Passal, New Jersey.

Ergy YViscosity, poises:

TeM, 98.9°C 0.246
lo6.,50°c 0.193

Liquid Density Z /ccl
TOM, 99.9o C 6

106.50C 1. 4,59

1.34
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ELylene Glyol Di-Trinitrobutyrate CGTJ) AMCP 706177

References- 2 9

(a) U. S. Rubber Company Progresa Report No. 14, Navy Contract NOrd-10l29, 1 February 1951
to I May 1951.

(b) U. S. Naval Ordnance Laboratory, Silver Spring, lNxyland, Letter from Dr. 0. H. John-
son to Comanding Officer, Picatiwny Arsenal, 8 April 1955 (0R1mB 4-.86/44-3, Regl1try No.
39815); and NOL Letter from Dr. D. V. Sioinan to Commanding Otficer, Picatinny Ararnal,
29 November 1955 (O013B 4T1.86/159-1; Serial No. 02894).

29See footnote 1, page 10.
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A.ICP 706-1" E1osive D (Amonum Pim-te)

Cow *A4Dw# "veruh Weigh: (C6H6N40T) 246

C 29.3 0-SH4  Onywin Selcees:t SC0o % .52
H 2.4 02 N NO2  CO % -13

X 22.7 Denesity: gm/cc Crystal 1.72

a 45.6 M•wwe, P.1t: "C Decowgoses 265

C/H Ratio 0.317 NO2 Freews Palo: "C

Imp,, * Sl*m&Wty, 2 KS Wh "eNot Pwt: *C
Bureau of Mirnn Atjpartus, cm

Sample Wt 20 ni Lebttive lIndex. no, ao 1.508
Picatinry Arsenal Apporatus, in. 17

Sample Wt, nrm is bo 1.870
co 1.907

Frt*Wo #*Nivk Tes: Vacuum Steblity Tet:

Steel Sh Unaffect•d cc/40 HrM, at

Fiber Shoe Unaffected 901C

1001C 0.2
K" wllet Imi•ec Test: "lrols 120'C 0.4

% 1•1'C
Eqpwlos 0 1I..C 0.4

Ponilak 0 _________________

Surnod 30 200 G Pe-m, Bomb See Too;:
Unaffected 70 Sond, gm 39.5

£59-66554 TdOiIPOES)Wt 4C Segwhtivil to 10*W4e51.
Se-.nds, 0.1 (no ca used) 405 Minimum Detonating Charge, gm

I 36T Mecury FulmiJnate
5 ecomposes 318 Lood Asi•e 0.20

10 314 Tetryl 0.06

1529

20 295 IeUhsicMerme, % TNT: (a) 99
TtwAl Teoo, % TNTt

751C m1e0,ee..l "s.e Tew:
% Loss in 48 HMrs P Dom TdW:

Method A

100 Noweel' T: Condition P1'sasee

" Ls, L it 48 Hrs 0.1 C .,ed Yea

"9 Loss, 2nd 48 Hrs 0.1 Density, gfn/cc 1.50

Explosion in 100 Hr None . Brisance, 96 TNT 91

-- ---. Deteetle. Ret:

K.m0meblly Index: Confinement None

Condltion Pilasq•d
HNeue.wv*kyit % 1• W 0.1 Charge Diameter, in. 1.0

Density, gm/cc 1-.5

Rote, mrers/second 6150

I1,36

4'
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Explosive D (Am•oaium Picrote) AMCP 706-177

Frels.esiem T*O. Shed CIrP" Iffe"leuec, TNT 100:

90 m NIL M71 Pojdctie. Let WC-91: Glass Cones Steel Cones

Denrity, gm/cc 1.50 Hole Volume

Charge Wt, lb 1.94 Hole Depth

TOWel No. 64 Fr• : Caw .ov.omnge

For TNT 703
For Subject HE 649 Pipell Us". AP projectiles and bombs

I lack NIL M42A, Prujefie LeW KC.S:

Density, gm/cc 1.55
Charge Wt, lb 0.82

TeWd Me. of F"rPsimh: Meebd of Leed•e: Pressed
For TNT 514
For Subject HE 508

3 5 10 12 15 20
111 m. MYIlee~ty: ft/sec 1.33 1.41 1.47 1.49 1.51 1.53

At 9 ft
At 25% ft Sheet
Density, 1/ccM

Ill5h (3.4.w'il TNsh Hoar Class (Quantity-Distance) Class 9

Aln Copatibillty Gnxv Group I
Peak Pressure

Impuls .xudotlan None at 65°0

Enewg

Air, C¢fhed:•d Sensitivity to ElectrostaticImpulA e Discharge, Joules: (d)

Through 100 Mesh:
pO&V W~Confined 6.0
Peak Presr Unconfined 0,025Inhulse Booster Sensitivity Test, (C)

EnA • Condi tion Pressed
Tltr-yl, gm• 100

Uaderqeeu• s Wax, in. ,, 50$ Detonation 1.27
Pe" Pressure Density, go/cc 1.54
Impule Rxest of:

Enegy Combustion, cal/gm 2890

EIplosilon, cal/gm 800
Formtion, cal/6m 395

1.37
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b

AMCP 706-177 Explosive D (Ammonium Picrate)

Preparntion:

Explosive D is manufactured by suspending picric acid in hot water and neutralizing it ith
gaseous or liquid ammonia. As the picrete is formed, it goes into solution; on cooling, it
precipitates. An excess of ammonia leads to formtion of the red form of ammonium plcrate.
This should be avoided. The separated crystals ere washesd vith cold water and dried.

Effect of Storage on Sand Test Value3:

Mi ni mum
Detonat.•ing

Mercury Sand
stor = te C C--IWed

0 0.06 23
3.5 50 0.25 23
2 * Normal 0.03 23
4 0 Normal 0.0m4 23
2** 50 0.24 23

• After 3.5 yeOaU at 500C.
5* After 3.5 years at 500 C and 2 years at magazine temereture.

Solubility: gin/lao gm M), of: (a)

Water Alcohol Ethyl Acetate

C ocC
I o oo

210 1.1 00'S00.290

100 T5 10 0.690 10 0.300
30 1.050 30 0.380
50 1.890 50 0.450
80 3.620 80 0.56o

Origin:,

First prepared by Marchand in 1841 and used by Brugere in admixture vith potassium nitrate
as a propellant in 1869. Used as a high explosive after 1900.

Destruction by ChemIcal Decomposition:

ftplosive D (armonium plcrate) Is decomposed by dissolving In 30 times its weight of a
&olution madc from 1 part of sodi.um sulfide (Ne.s9,gH2 0) in 6 parts of water.

Refferences: 30

(a) L. C. EWith end E. G. Eysteor, fhecal Testin of Explosives, Part IXl - Miscellaneous
Sensitivity Tests; Perforrance Tests, OWD Rport No. 574b, i27-5l-e~erT 4 5.

30Ssq footnote 1, pegs 10.
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&plosive D (Awionium Picrate) AMCP 706177

(b) D. P. MacDougall, Methods of Physical Testing, O3RD Report No. 803, 11 August 1942.

(c) L. C. Smith and S. R. Waltoi, A Consideration of RDX/Wax Mixtures a6 a Substitute for
Tetry'l in Boosters, NOL Memo i0,303, 15 June 1949.

(d) F. W. Brown, D. H. Kusler and F. C. Gibson, Sensitivity of Explosives to Initiation
by Electrostatic Discharges, U. S. Dept of Int, Bureau of Mines, R113852, 1940.

(t) Various sources in the open literature.

(f) Also see the following Picatinny Arsenal Technical Reports on Explosive D:

0 2 y 2
34o 1441 132 843 694 65 266 1737 328 1729
870 1651 582 704 425 556 1797 838 1759

1380 1172 874 1585 796 1838
1352 1234 1655 986
1372 1724 1725 1466
1492 1885 1796

1895

Jll)
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AMCP 706-17". Glycerol Mono'lactate TrIn~trate (OLTH) Liquid

Cem.a~eahMeeuhlr Weight: (C6H9N3o1 1 ) 299

C 214.1 ONO xyen 111le.co:
2C02 % -30

~( 3. t 1 CID 3

N 114.1 CH -0ONO2  Density: gm/cc Liquid 1.147

0 58.8 % ~ 2 - NO 2  Making Point. *C

C/H Ratio 0.180 Faoei"~ Pod,,: *C

Imp.et S enstivity, 2 Kg Wt: "NotJ Polat: 'C
Burtau of Mine% Apparatus, cm 15 (1 lb wt); ~42

Sample Wt 20 nng Refractive i*&%, n.D1
Picotinny Arsenal Apparatus, in. 1.'

Sample Wt, mgno
no0

Friction Pee*dulm Tesl: v.o.e.. see&.illty Teol:
Steel Shoo Unaffected cc/40 Hrs, at
Fiber Shoe Unaffected 9*

ful alotIsetY*s Til 001C 5.9
M~fi mus lapeitTess Trals120*C

% ~135*C

Partial$ 10CC

Burned 200 Gnon I5.mb lSeed Test:
Unaffected Sand, gmn 13.1

Ispleele.. Teaperelute: C SeeeOtielty to ldIel~keI
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulminate
S 223Load Aside

10 Tottyl

20 Sailalhe Morteu, % TNT:

Treesl Teoo, % TNT t
75 1C Imten~tionol Meeo Teoo- ~l et

%Lots in 48Hrs ltDetTo
Method

OO0C "Gel Teas: Condwton

% Lou, I1st 48 Hrs 25Confined

% Loss, 2nd 48 Hrs 1.8 Density, gm/cc

Explosion in 100 Hrs None Brlsarnceý. % TNT

Deteaetwo~ Raew
Flemesedlity lades- Confirnimnt

Condition
"Yomsopkiy. %Charge Diameter, In,

Vedetillty: 600C, z~/m/r 28 - Density, gm/cc
~/cm2 /hrRate, mewters/second

140
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Glycerol Monolactate Trinitrate (GLT) Liquid AMCP 706-177

Frellwmqtotioa Teat: Shaped Chafte [ffectývoas•, TNT 100:

90 am HE, M71 Projectikl, LeW WC-91: Glass Coem Steel CAme

Density, gm/cc Hole Volume

Chorg* Wt, lb Hole Depth

To• al N.. of Fresm ewto:
For TNT

Far Subject HE
Pidoielpa Uses: Gelstinizer for nitrocellulose

3 inck HE. M42AI Pjeistile, Let KC-5:
Density, gm/cc

Charge Wt, lb

Toeta NM. of fsogents: MethW o L~edi":

For TNT

For Subject HE --'_

Leediog D0@4y: gm/cc

PFrme•vt Velecity: ft/soc
At 9 ft
At 251 ft $lto":
Density, gm/cc

Muthad Liquid

IBlas (4.el4w ve NT): hHazord Clos (Qu•nlty.Distance) Claas 9

Aki Compolibility Grew
Peak Pressure
Impulse Exdtion

Energy

Hydrolysis, % Acid:

Impulse 10 days at 220 C O.O2
5 days at 6o0c 0.0114

Upler Weter: Solubility In Water,
Peak Pressre gm/3.00 gm, at:

Impulse 25 0C, C0.01
Energy 600C 4 0.015

Solubility, gm/100 gm,

UOieommhd: at 2,5.C, in:
Peak Pressure Ether -

Inmuls 2:1 ,ther:Alcohol -

Energy Acetone

Heat of:

Combustion, cal/gm 21407

141
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AMCP 706-177 Glycerol Monolactate Trinitrate (OLI) Liquid

Pc'epara tion:

Glycerol monolactate (GML) is prepared by heating a glycerol lactic acid mixture containing
4% axcess lactic acid at 116 C for 112 hours with dry air bubbling through the liquid. The
product which contains 0.67% free acid is carefully mixed with 6 parts of 40/60 HNO/}sSO4
maintained at 20

0
C, stirred for 1 hour, cooled to 50 C, and poured on ice. It is extracted

with ether, wAter-vashed, adjusted to pH 7 by shaking with a sodium bicarbonate solution, and
&ag&n water-washed three times. It is then dried with calcium chloride, filtered and freed
of ether by bubbling with air until miniml' loss in weight is obtained. The product has a
nitrate-nitrogen content of 13.43% (theoretical 14.1% N). Another batch, prepared from GML
obtained from glycerol-lactic acid containirg 6.5% excess glycerol, had a nitrate-nitrogen
coutent of 14.30%, corrosponding to a mixture containing 5.5% nitroglycerin. It is not con-
sidered practicable tc prepare the pure GLTN.

Origin:

The preparation of a nitrated ester of lactic acid and glycerol, by nitrating a glyceryl
lactate with ultric and sulfuric acids, for use in explosives, was reported in 1931 by Charles
Stine and Charles Burke (U. S. Patent 1,792,515).

The preparation of glycerol monolactate by heating glycerol with equimolamr proportions of
a lactic acid ester of an alr.otol boiling below 1000 C (ethyl lactate) was patý.nted by Richie
H. Locke in i936 (British 7atert 456,525 and U. S. Patent 2,087,980).

Reference:.31

(a) P. F. Macy and A. A. Saffitz, Explosive Plastici:ýers for Nitrocellulose, PATR No.

1616, 22 July 19146.

ISee foo.tnote I, page 10,

142
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Ggvol Dinitrete (GDN) Liquid AMCP 706-177

Q,,, Hume: Molecular Walsht: (C2HAN2 06 ) 152

C 15.8 Oxyg len lance:
2 C02 % 0.0

H 2.6 CH2  CO % 21

N 18.4 Dusuity.: gm/cc Liquid, 250C 1.4t8

0 63.2 Me tal Ptlat: 'C -20

C/H Ratio 0.092 2 freezing Pelt: *C

SImpect Seefilvity, 2 Kil Wt: ".1109 Polnt: 'C
Bureau of Mines Apparatus, cm 4i (1 lb wt); 56

Sample Wt 20 mg Refre4.liv hades, no
Picatinny Arsenal Apparatus, In. n

Sample Wt, mg 1.J452

bidcle P-dulium Teao: VVeut Steility Tesh

Steel Shot cc/40 Hrs, ot

Fiber Shoe 90C

100'C

Rifle lullet Impact Teal: Trials 1201C

Ep o 135'C

Partuial 1501C

Burned 200 Gram Bomb •lad Tee:

Unaffected Sand, gm

Explesion Tempeorture: 'C ssasit•iiy to I#4letl04m:
Second&, 0. 1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminate
5 •x~plodes 257 Lead Axide

10 Tetryl

is
20 ellllst Moetr, % TNT:

TIeval Teoo % TNT:.

75'C Iltemeatiaol Neen Tadsa
% Loss in 48 Hrz Moo 0**t Too:

Method

IO'*C Neew Te: Condition

a Los•, Iit 48 Mrs Confined

% Loss, 2nd 48 Drs Density, gm/cc

Explosion in 100 Hrs risonrce, 1% TNT

*Deteeelle1 to",:
Filninwmbilty bed.. Confinemrien! Olasa tube

Conciltion Liquid
HNyguteepkl yl % 300 C, 90% 111 0.00 Charg3 Diameter, h. W

Density, gm/cc 1.485
vollit: Rate, meters/second 7300 end 2050

143
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AXCP 706477 Glyco Dijnitrate (OM).I Liruid

fftWAMee 4ti. lsti ShaUped Charlie V1ectfruauu. TT 1O0t

90 am NE4 M71 fmjec.tili. Lot W041,. Glass Comcs Steel Conu"
Density, Orm/cc Hole Volumne
Charge Wt, lb Holm Depth

Teiwi ?A*. *f FfagmtkN. Ceicit Yellow

Fat TNjeT H
Fo ubet EFrWPM4.41 UMea Ingredient ot non'freezing

3 1h~ 111L M42AI PFoj.NtdI. Lot KC-Z: dnmt

Denvity, gm/cc
Ch~rec Wt, lb

Total Ne *f Fregewwh: M*s#.d of Lalg
Fo,( TNT
For Subject HE_______

At 9 h,
At 25V, ft siterege:
Donlity, GM/cc

Method Liq~uid

Aled (lufthel ite TKT):, Hazard Class (Quanftly-Dittance) Class 9

Ak Can.wot~blllty, Group

Itnp~jie tUxudatlon

Energy

ESol~ubility in 1.000 cc Water:
Air, Comfleeds

15 6.2
UW4e Waftr: 20 6.8
Peak Preassre 50 9.2

luInVO Viscosity, cantipoises:

EnrgeTmp. 200C 4.2

Vapor Pressure:

Peak Pressure mmMercury

Im.pulse 0 0.00424
Enrg 20 0.038

40 0.26
60 3
80 5.9

100 22.0
Heat of-

Co-mbustion, cal/gm 2.T64
______________________________ Formation,_cal/gm (b) 366

144
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GLycol DinitrLte (,DN) Liouid AMCP 706-177

Preparation:

Glycol dinitrate (ethylene glycol dinitrate, dinitloglycol, nitroglycol, d~nltrodimethyl-
eneglycol) may be prepared by nitration of ethylene glycol, HOCH 2 C1{2OH, with a mixed nitric
acid in the same apparatus toat is used for the preparation of nitroglycerin. The glycol is
prepared by synthesis from ethylene, and ethylene chlorohydrin:

HOCI .H ,,0
CH2 * CH2  HOCH 2 CN2 Cli -- -- HOCH CH2OH

NaUCO3

* Origin:

Henry was the first to prepare and identify glycol dinitrate (Ber 1, 529 (1870) and Ann
chim phys (4 ]27, 243 (1872) but Kekul6 had previously nitrated ethylene and obtained an un-
stable oil whici be supposed to be glycol nitrate*-nitrate. No Immediate practical use was
made of glycol d!nitrate because glycol itself was relatively rare and expensive at the time.
It was 1904 before a patent was granted covering the use of GCN as an explosive (DRP 179,789).
but It was seven years later betore its actual use aq. an explosive was recorded (Mim poudr 16
(1911) p. 214). The principal physical properties of GID were determined or recorded by RiiW-
embach (Ref b).

Refertnces: 32

(a) Ph. Nanum, Nitaoglycerin and Nitrog3.'erin 'it01osivea, trar.slation, E. M. Symmes, The
Williams and Wilkins Company,/Bitimore (1922), ,P. .

(b) Win. H. •inkenbach, "The Properties of Glycol Dinitrate," Ind Eng Chem 18, 1195 (1926).

(c Wm. H. Pinkenbach, "Glycol Dinitrat. In Wnsiite Manufacture," Chem Met Eng, 1, 296

(d) Wm. H. Rinkenbach, Appliction of the Vacuum SGability Teat to Nitroglycerin end Nitro-
glycerin Explosives, PATR 1i24, 27 August 194b.

32see footnote 1, page 10,

S- - "-45
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AMCP 706-177 H6

Compositions Molecular Walght: 93

RD)C4 Oxygen 11ele6"e~:
TUTr3 CO, % -66
Aluminum 20 Co % -36

D-2 Wax 5 DenSity: gm/cc cast 1.74
Calciumi Chloride,

added 0.5 N.5tI.Og Point: 'C

C/Hi Ratio Froostng Poinst 'C

Impact Sonsitivity, 2 K9 We: "Halln Polio; *C
Bureau of Minos Appciratus, cm -- ________________________

Sample Wt 20 mg Refractive aiwdei, no
Picai~tnny Arsenal Apparatus, In. (C) 14

'camplo Wt, nmg flU

Frietian Penduuiun Towt Vacuum Stabillity Toes:
Steal Shooe Unaffected cc/40 Hrs, at
Fiber Shoe . 901C..

Rlis svllet Imposet Test: Trials (b) 1001Co.4

Explosion$ ao 1351C
Partial, -- 5.

Burned -- 200 Green 111mb Send Teals
Unaffected 20 Sand, gm 49.5

Explealees Temperature:, 6C (a) Sensitivity to initiations

Secoinds, 0. 1 (no cap used) -Minimum Detonating Charge, gmn
I ... ~ Mevcury Fulminate ..

5 6 10(min) (c) Load Aldo 0.20
10Tetryl 0.10

20 lellistid Matter, % TtT: (d) 135

Trousil Teat, % TNT:
7VC lo,te"etenlo Neat Teas:PaeDn et

% Lous in 49 Hrs PaeDt et
____ ____ ____ ____ Method

1001C Hest Teao: Condition

"9 Lou, lI t A8 I-Irs .7 Confined

"9 Lou 2nd 48 Hrz 0.00 Density, gm/cc
Exuplosioni in 100 lHrs None Orsne 96 TNT

Doretekeie Rafts: (a, b)
Flfammability I164611 Conf inamont N~one

- . Condition Cast
Hylineece,4iilty %6 O 94 mi, 'r days 2.01 Charge Diameter, In. 1.0

XC95 Il, T days 1.77
Density, gm/cc 1.71

Voltilty:Rate, meters/sacond 7191

1461
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H-6 AMCP 706-177

leesthr Sdasitviy Test: DeaomPSoGIN Iwet".:
.or~ition Oxygen, atomn/sec

Totryl, gm (Z/sec)
"Heat, kllocolorle/mols

Wax, in. for 50% Detonation ' (AH, kcal/mol)
Wax, gm Temtisrature Range, IC
Density, gm/cc Pth*e

miet ofT
Cmlbuttlon, cal/gm 3972 Al'•e. . lmlect Teo:
Explosion, cal/gm 923 60 mo M~oe P00146" lot

Gas Volume, cc/gm 733 50% Inert, VelocIty, ft/ser

Fknmotlon, cal/gmn Alumirnum Fineness

Fusion, col/gm 180 C (b) 10.25
s00-1b Godeml Pulpse rembe:

3pesli4N Heat: col/gml'C (b)

30'C 0.269 Plate ThlckMness, inches

500C 0.268 1

1%
lur"Ing Rate:

cm /sec t o m b. . .. . . .
_______________________________ Bob Dtet leet:

Thermal C4dwitflvIty: (b) 3
cal/i"c/cm/*C 35 0C 1.10 X 10 1Y7, 2000-lb Sesol-Armew.Piers•at Sm vt Cemtete:

Coaislcat o# Gxpoenlea Max Safe Drop, ft

00nCr 11/0Inc0" 500-lb Gemeral Puq#os Bomb ye Cio"srteLax
35 0 C 83 x 10"4
700C 131. X 10 Height, ft

Trials
"Hemimase, Mabia' W4eal. Unaffeced

'(b) Low Order

E', dyes/cmi 9.0 x 1 High Order

E, Ib/InchW 1. 30 x 10• V000-lb Geneuael Purpe4 tomb vs Ce"qretes
Density, gnm/cc 1071

- Height, ft
C€mpre4Iv4 Streiogths lb/Inch' See below Trials

,_,_Unaffected

Vepe Pressare: Low Order
.C mm Mercury High Order

o ehslv ,et : lb/Inch 1083
.Nst. f7itcY, c 1.72.
Ultimate defuortretlon, % 1.32

141
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AMCP 706-177H-

Fregraeatetl.. Too.: (b) Sheped Charlie Eiffactivenes", TNT = I40s

90 mm HE. M71 Projectile, Lku EGS-1-IT: Gloss Cones Steel Contes
Density, jm/cc: Hole Volume

Charge Wt, lb Hole Depth

Tetal Me. of Fragnmosh: cim.Ga
For Comzposition B 998 C~rGe
For Subject HE T1.4
For 80/20 T~itonaJ. 616 Priocipell UMes HE charge

3 lack HE. M42AI Projectile, Lot KC-S:

Density, gm/cc

Charge W1, lb

Totel No. of Fregments: Moth"d of LoedImg Cast
For TNT
For Subject HE

__________________________________ LeeIg Density: gm/cc; 1. (

Fregment Veliwity.- ft/se
At 9 ft
At 251/ ft Soee
Density, gm/cc

Method y

West (Relative to TNT): (a) Hazard Class (Quantiti.Distonce) ClAsS 9

Airs 3-25" diameter sphere Coopatibility Group Group I
Peak Pr~essure A psi Catenari 25.~4

Impulse VYGC Pendulum 19.8 Excudation ron*

Energy .... __ _ __ __ _

Air, Confined:
Impulse

UAsdev wate,:
Peak Pressure
Impulse
Energy

Peak Pressure
Impulse
Energy

148
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H-6 AMCP 706177

Effect of Altitude, Charge Diameter and Degree of Confinement on Detonation Velocity,

(Reference a)

One-Inch Column foTlhCun
RxPlosive Simulated Altitude, Confined Unconfined Confined Unconfined... Fe__" rn/a--• i '

J* P~eet W a -7- V

TNT, Ground 682O 6720 6670 5270
density, I

Q 30,000 6660 693o(2) 661o 676o(4)
gm/cc 1.59

*6o, cox 6800 6520 6400(4)

90,000 681o 6720 6550 6610(1)

Average 6798 6790 6588 6260

H-6, Ground 7190 7360 7340 =70
density,

gm/cc 1.69 ) 7'3D 7360 798
60,ooo 7280 7490 7550 7o10

90,000 730(3) 7270 7500 7000

Average 7268 7385 7438 7215

*Confined charge in 1/4" steel tube, AISI 1015 seamless, I" diameter 18" long, and 2"
diameter 7" long. All means were determined from sets of five values unless othervrie
indi.cated by C )+ A 26 gm tetryl booster ves used to initiate each charge.

Average Fragment Velocities at Verious Altitudes* (e)

Simulated Altitude, Feet

.•Aplunive Charge Diameter, Ground 20=_. 60 000 90,000
Inches -M.r.-

TN,12940 1 2991 3119 2868
density, 2 3623 4191 5077 4980

gm,/co 1.52.

-6,1 3461 3405 3467 3563
density,
gm/cc 1.71 2 4603 4726 4998 5288

*Outaide diameter 2.54"; Inside diameter 2.04"1 length 7".

References:

See HBX-1; HBX-3 reference list.
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Y.A U , L L

AXCP 706-177 Halelte (Ethylene Dinitramine) (EDWA

(In recognition of its development as a military explosive by the
late Dr. G. C. Hale of Picatinny Arsenal.)

CMmp~iea: M1e0cusur Weight: (C2 H6 N40) 150% N02 Oya 111"~
C 16.0 O2  - .- 20y*.n Ueisac.: -

C 6oH2C-N Co., ,% -ý2

H 4.o H CO % -10.5

N 37.3 NO, Density. m/cc Crstal 1.71

0 42.7 H2C-- N O2  Melling PoIat: 'C Decomposes 175+

C/H Rotio0.066 FHresslot Point: 'C

Inspect Senilbity, 2 K* Wt: Ilolling Points 'C
Bureau of Minos Apparotus, cm 48

Sample Wt 20 mg RIefrCtive Index, no
Picatinny Arsenal Apparatus, in. 14

Sample Wt, mg 17 nal
o.

Frktloo Pendulum Test: Vacuum Stability Tesit
Steel Shoe Unaffected cc/40 HIrs, at
Fiber Shoe Unaffected 901C

1oo1C 0.5
Itull luiflt Impeat Teat: Trials 120'C 1.5

% 135'C -

Explosis 0

Partials 60 150'C 11+
Burned 20 200 Gramm lamb Sand Test:
Unaffected 20 Sand, gm 52.3

hpleoJol TeYlPeoreve 4C Ssistity te Inlkestlen:
Seconds, 0. (no cup used) 265 Minimum Detonating Charge, grn

1 216 Mercury Fulminate 0.21
5 Decomposes 169 Load Aside 0.13

10 178 Tetryl

15 173
20 170 Balliltic Me**e#, % TNT: (a) 139

TreusI Test, % TNT: (b) 122

W5C limntrtleni Hiiet Yeat:
, Los, in 48 HIrs 0.01 Woeto Teat: (c)

Method A
100Q1 "ee$ TCo Condition Pressed

"% Loss, 1st 48 Hrs 0.2 Confined Yes

"% Lous, 2nd 48 HIrs 0.3 Density, gm/cc 1.50

Explosion in 100 Hrs None Brisonce, % TNT 122

Dete,0e0tlenRte:
plesm~edlly Isisw 138 Confinement Unciantl ned

CondJ ito, Pressed
Hyirmes•kglry 0.01 Charge Diameter, in. 1.0

Density, gm/cc 1. 40)
Velety: lNi Rote, meters/wcond 7570
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H-ale-ite (Ethylene Dinitromine) (EDNA) AMCP 706-177

Boaster Sensitivity Test: (d) Decempoeitloo E4uetlee: (e) 8 ý i (f
Condition Pressed f Oxygen, atoms/sec 10 10 10 1.
Totryl, gin 100 j (Z/sec)

H-eat, ki loca lorie/mole 30.5 3T7.3 30.8
Wax, in. for 50%6 Detonation 2.09 (.AH, kcol/modl)
Wax, gm Tempirrature Range, *C 1814-254 -- 1l4~4-i6l

Density, gm/cc 1.42 Phose Liquid Solid Solid

Hoet of: ta lfImatTs.
Combust ion, Cal/gm 2477 An.Po.l~~tTs

Explosion, cal/gmn 1276 60 ton Mortar Proijitde:
Gas Volume, cc/gmn90 50% Inert, Velocity, ft/se

Formation, cal/gm 134 Aluminum Finosposs
Fusion, cal/gmn

____________________________________ 500d1b Giereeie Paurosi Bombs:

Sp~rfic oot.col/m/'CPlnt. Thickness, inches

''.4

Burning Rate:
cm/w Bomb Drop Test:

Thetmiloucity T7, 2000db11 SemI.Atmor.Pierclots eomb lee Cemutete:
Cal/sec/cm/'C

Ceifficls.nt of Expansion: max Saft Drop, ft
Linear, %PC 500ol Gaemeral Pup ern. So e "Ceeeeetes

Volume, %/*C Height, ft

Trials
Meidnoess, Mahe' scales Unaffected

Low Order
Young'se slls High Order

E', dynss/cml
E, lb/or-ch' 1000dIb Generel Purpoe Bom lesh Comseete
Der'.ity. gm/cc

Height, ft
Compresuive Sf ueagthi lb/inchl Trials

______________________________________ Unaffected

Vepow Preetwe: Low Order
C mm Mercury N.£'igh Order
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AMCP 706-177 Hadleite (Ea :ylene Dinitramine) (EDNA)

Fmgwmf*tsm Ted: TSpe" Cher" Effectivewm, TNT - 100:

90 ma HN. M71 Pmjatulo, Let WC-91: Go"r Cones Steel con"
Density, gm/cc 1.61 Hole Volume

Charge Wt, lb -- Hole Depth

To"d NH. *t F"Iogneh: Ce•. h to

For TNI -.

For Subject HE
P.4s1.l Use": Booster

3 iaqh HE. M42A1 Pmkcfo4l.,LA
Density, gm/cc

Charge Wt, lb --

Toetl No. of Fr•lmetst Moth"d of Lo~dleg: Presaed

For TI IT 514

For Subject H! 600

_Ledleg Doosty: gm/cc pal x 103
5 10 12 15 20Fral,,m Velseft: ft/s4c 1.28 1. 38 -. 141 1.44 1-149

At9ftAt 2,5% ftr Sft~ew

Density, gm/cc

gleel (lolivehto T TU Hazard Ckm (uanity.DistowA) ClassI 9

Peok Pressure

Impulse Exudation Boa*

Energy

Air, Coeflsed:
Impulse

Peak Pressure

Imoulas
Energy

Peak PresswKe
Iny'v,.,l"

Energy
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Haleite (Ethylene Dinitramine) (EHA) AMCP 706177

Compatibility vith Metals:

Dry - Copper, brass, aluminum, mild steel, stainless steel, mild steel coated vith acid-
proof black paint, and mild steel plated with copper nickel, cadmium or zinc are unaffected.
M.gnesium and ma•esium-aluminum alloy are slightly affected.

Wet - Copper, brass, mild steel coated with acid-proof black paint, and mild steel plated
witS-oppsr, cadmium, nickel or zinc ar heavily corroded. Aluminum is slightkr affected and
stainless steel is unaffected.

Impact Sensitivities of Various Crystal Habits:

Bureau of Mines Impact Test, 2 tg WI:

Habit CM

)st plate 55
2nd plate 55
Bi-pyramid 71
Bracydoam 66
Sphenoid

Solubilit,: g•0/l0 gm (_) of:

Wat.er Alcohol

20 0.25 20 1.00
40 0.75 40 2.46
6o 2.13 6o 5.29
8o 6.38 78 1O.4

100 >20

Preparation,

(Sjuwy Technical Report of the NUC, Div 8, Vol 1)

CH20 + HCN --+ HO CH2 c

(98% yield)
HO0 CH201 + MH'3 -I ?rd2cH2cN + H2 0

(88% yield)
C +2-K 211 CH -2l CIUNH

I r2-- CO +H20CH2-- 2 CH 2---MI
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AMCP 706-177 Haleite (Ethylene Dinitramine) (EDNA)

Cli NH (l-N- NO, Cif -N-N

1 + 2H
tn2-" CH 2-N NO2  C11 ' -N i 02

H2- NH - NO2  + co
1 21.42- fnH -- VO

The raw materials used in this process are cheap and available; the first three reactions
proceed smoothly, rapidly and in good yield (7051 overall), and only the third requi;:ae high
pressures. The reaction of ethylenediarmne with carbon dioxide at about 2200C ana ''20 atmos-
pheres has been worked out and is more satisfactory for the preparetion of ethyleneurea than
the use of chlorethyl carbonate or urea and better than the reaction of acetic anhyiride and
ethylenedia-sine to yield N,N'-dlacetyl-ethylenediamina which can be treated In a way similar
to the above to yield Waleite.

Ethyleneurea is very easily nitrated, with strong nitric acid (-"). "t ordlr.asry temperature,
and in a very short time, and the dinitroethyleneurea produced appear,' .... .rolyze, yielding
Haleite, immediately after solution in water at 950 C. Both the nI.ra-Ion aiu hydrolysis are
practically quantitative.

Origin:

First described in 1877 by Franchimont and Klobbie (Rec trav chim 7, 17 and 244) but it
was 1935 before its value as an explosive was recognized. Standardiz;d urlr.ig World War II
as a military explosive.

Destruction by Chemical Decomposition:

Haleite is decomposed by addition to hot, dilute sulfuric acid. L;itrous oxide, acetalde-
hyde and ethylene glycol are evolved. Haleite is also decomposed by addition to 5 times its
weight of 20ý sodium hyd•roxide.

References:, 3

(a) L. C. Smith and E. G. Eýyster, Pbssical Testing of Explosi=em. Part III - Miscellanecus
Sensitivity ',Tests: Performance Tests, O•RD fReport No. 5746, 27 1ce aber 1945.

(b) Report AC-2983/Org Ex 179.

(c) D. P. MacDougall, Methods of Physical Testing, OMHD Report No. 803, 11 August 19a2.

(d) L. C. Smith and S. R. .Walton, A Consideration of *rx/w'ax 1.:Uxturex as a Oubstitute for
Tetr-y1 in Boosters, NOL Memo 10, 303, 15 JuneiT9)

(e) R. J. Finkelatein and G. Gamov, Tieord .of the De.,)nntlor. Process, NAVO.qD Fepo~t No.
90-46, 20 April 1947.

(f) 14. A. Cook and 14. Taylor Abbeg, "Isothermal Decomposition of Explosives." University
of Utah, Ind Eng Chem (June 1956) pp. 1090-1095.

3 3 S.,e footnote I, pAge 10.

If54
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ld
kHaleite (Ethylene Dinitrwdne) -(-,.U _ AMCP 706-177

(•) A1so see the following Picatinny Arsenal Technical Reports on Haleit•.

2 i _ I 1- 6 T 8 21200 1231 1162 1113 414 1255 766 897 1198 12791290 1451 1232 1493 1294 1325 1796 1737 1288 13191360 1651 1252 1923 1434 1395 1797 1378 13791360 1352 1885 1937 1388 1469
ILoo 

13723
16o0 

21T? •B

1579

I! j?:IjItý!II Nl
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AXCP 706-177 HXo3

cmiesitioe: Melecule, Weight: 102
%

•iDX 40 Oxygee laleec1.:

TNT 38 Co.,% -68
CO % -35Aiwuinum - 17

D-2' W4x 5 De"e-y: gm/cc Ceat 1.72

CNeIo1 Chiloridae ,4.11mg Pelat: C
added 

0.5

C/H Ratio Preziing PeW: *C

WImest Sensutiviy, 2 Kg Wt: "Dolg lant: "C
ureu i of Mines Apparatus, cm .
Som~ple Wt 20 mg Refrective Ilde" nlo

Picotinny Arsenal Apparatus, in. 16
Samiple Wt, ma 21 nos

0

Ftteel Pendulum Ter: (') Vecuum Stebility T0t: (a b)
Steel Shoe Unaffec.ad cc/40 Hrs, at
Fiber -- 901C

100OC 0. 4•

IUIlk e lImpet Teot: Trials (b) 1204C o.4T

xploions 3 35'C ....

Partials -- 1501C 114

Burned -- 200 Gram iBmb Seed Tev:

Unaffected 28 Saond, gm i8.1

ExIloe"e Tomispewu.. eC (a) Seneiltivlty te INiNetlN:

Seconds. 0.1 (no C4P used) --- Minimum Detonating Charge, gm

=•-I ... Marcury Fulminate ....
S",. Load Aside 0.20

10 Tetryl 0.1015

20 56WOi Metter, % TNT: (4) 133

75C 0-Y lrel Teo, % TNT:
•]75'C lntevusteaei Meet Test: PesDn et

% Loss in 48 Mrs Fo wt Tea:

Method

100'C meeo Teo: (b) Cesdition

% Loss, lt 48 Hrs 0.058 Confined

% Loa, 2nd 48 Hrs 0.00 Dens;ty, gm/cc

Explosion in 100 HrI Ilone Brisorce, % TNT

Famsou I& D~tfoeat"Iten ts (e, b)
Fklmmedliy hdes: Confinement None

Condition Cact•

HY210arkir % 'C ), RH, 7 days 2.98 CniinCs
NygeesegleijTy: l 7O1C, 95, RH, 7 da'y 1.13 Charge Diameter, In, 1.0

Density, gm/cc 1.69
Veletifty: Rote, meters/wecond

/5

Downloaded from http://www.everyspec.com



HBx-1. AMCP 706-177

Cendition Ce•t Oxygen, atoms/sce
Toryl, gm 100 (Z/we)

Heat, ki loco loria/male
Woax, In, fo;- 50% Detooatl, 1.25 (.IH, kcal/mol)

Wax, gm Temperature Range, *C

Density, gm/cc 1.73 Phase

Heat of (b)
Combustion, cal/gin t02 Anus. Ptste lmp•ct Test:

Explosion, cal/gen 919 60 mm Matter Proj.ctilm
Gas Valuro, cc/gm 50% inert, Velocity, ft/sec

Formotion, cal/gm 758 Aluminum Fineness

Fusion, cal/gm 780 C 9.25Ge
____________________________ 500.lb Genevel Purp• lembe:

Specific Heat: cal/gm/'C (b)

30 0C 0.249 Plate Thickness, inches

50°C 0.2r'• 1
114

Doming Rate:
cm/s 

gBomb Drop Test.:
Therma CA*44Avt*,•: (b) 3 T7, 2003 ~ lAmrP~civBn&v 04rt

cal/sec/cm,'C 35 C 0.97 x 10 T7, 2000-lb Semi-Arwoq-leucixg gemb vs Csucrete:

"* Coeffiientf ~ pellaleiio (b) Max Safe Drop, ft

00
olnc•' 46 rc i0.1 500-lb Goemoral Pirps lomb vs Co•€uet:

Q~ -435°C 95 x 10.
703C 159 x 0"4 Height, ftTrials

Hoadmeu, Moha' Scale: Unaffected

Young's Modulus: (b) Low Order

E', dynes/cmr 10.3 X 109 High Order

E, lb/inch2  1.49 x 10-5 1000-lb Geneo-i ,'urpeom Bomb vs Can"eet.,

Density, gm/cc 1. l9
Height ft

Compmsivo Strength: lb/inchl See below Triu!4

Unaffected

Vepor Petsou": Low Order
".C n'mm Mrcury (b) High Order

Compressive Strep t4h Wb/inch2  1303

Density, g7'cc 1.69
Ultimate deformation, % 1.38

157
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AMCP 706-177 H).X-1

Fregmea•l~e. Teo: (b) Soep"d Chat"e Effectiveness, TNT -- 100:

90 HE, N M71 Prijectile. Lot EGS-I-17: Gloss Cons Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Tetel No. of Frm letg sCrs: C olor. C r

For Com•osoition B 998
For Subject HE 910
For 80/20 Tritonal 6U6 Priaiepal Uses: HE Lzarge

3 lIck hE, M42A1 ;mietIle, Let XC-5:

Density, gm/%."

Charge Wt, lb

Tele No. of FItlmeah!: MatkS of LodInlg: Cast

For TNT
For Subject HE

Las4i r~enelIty: gm/cc 1. 69

Fremenm Velecity: ft/soc
At 9 ft
At 25V ft steregs:

Density, gm/cc MethodDy

Ils# (Rletfive to TNT): (a) Hazord Closs (Qu•ntityýDistonce) Cleana 9

AIr: 3.25" diameter sphere Compatibility Group Group I
Peak Pressure A psi Catenery 24T
Impulse NOC Penduulum 19.6 Exudti-on None

Energy ....

Air, Ceifined:
Impulse

Un04e Weter'
Peak Pressure
Impulse

Energy

Undeg eind:

Peak Pressure
Impulse

Energy
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____- AMCP 706-177

compogitiom~ moeclarl. Weight: 6

F.DX 31 Oxygen S*lance:
CO-A % -T5TNI29 CO % 4

Aluminum 35
D--2 Wax 5 D~nsltyl gm/c.c CostI.V

Calcium Chloride, Melting Point: 'C
added 0.5

C/H Ratio Freezing Point:, 'C

lImpact Sengitivity, 2 Kg Wt. W1110in1 Poinat: 'C
J8uroau of Mines Ap~paratus, cm -

Sample Wt 20 mg Ref vective Index, noo
Picotinny Arsenal Apporotu.,, in. 15

Sample Wt, mg 23 A

Friction Pendulum Test: Vacuum Swebility Test: (a, b)
Steel Shoo Unaffected cc/40 Hrs, at
Fiber Sh~ot . 901C..

11ifle Bullet lmped Test: Trials (b) 120'C

Explosions T8 1351C
partials -10

Burmad -- 200 Grah tomb Send Teat: Wb
Unaflocted 22 Sand, gm ia4.9

Explosion Tamptsteturv: C (a) Senltitity to Initiation:
Secords, 0. 1 (no cap u~sd) --- Minimum Detonating Charge, gm

I ~ Mercury Fulminajte ..
50 Lead Axide 0.20

10 Tetryl 0.10

0Ulollistc Matter, % TNT: (4) 111

Treusi Test, % TNT:
75'C International Heet Test:teDntTet

% Loss in A8 Hrs Fs.Dn et
Method

100'C Heast Teat: (b) Condition
Ol Loss, 1st 48 Hri o.'ro Confined

% Loss, 2nd 48 Mrs 0.00 Densily, gm/cc

Explosion In 100 Mrs . Nons, Brlsuce, % TNT

00eON" t he R*: (a, b)
Flanmmability Index: Conf inement None

HygrvueV~cpciy: % 3D0*C 95% RH, 7 days 2.01 - CniinCs
(b) 710C, 95% Fa, 7 days 0-31 Charge Diameter, In. 1..0

Density, gm/cc 1.8i.
velotility: Rote, meters/second 6917

159
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AMCP 706-177 3

loostr Sensitivity Test: Decompoeltlon Equetion:
Cowdition Oxygen, otoms/sec
Tetryl, gmn (Z/sc)

Heat, kilocolorle/maol
Wax, in. for 50% Detonation (AH, kcol/rmol)

Wax, gm Temperature Range, *C

Density, gm/cc Phase

Heat *It (b) Armor Plate Impact Test:

Combustion, col/gmn 4495

Ulxplosion, col/gm 7 60 mm Matter Projectile:
Gas Volume, cc/gm 50% Inert, V*iocity, ft/swc

Formation, col/gmn 491 Aluminum Fineness

Fusion, cal/gm 9.30
$___Ib General Purpose lombs:

Specific Haot: cQi/gm/*C

30'C 0.254 Plate Thickness, inches

500C 0,254

: ~I :!

Blurning Rate:
cm/sec

lomb Drop Test:

Thermal Conductivity: (b)
cal/sec/cm/'C 35

0
C 1..70 x 10 1 T7, 2000-Ib Seml-Arme,-Plorcing lomb vs Cactote:

oefficItent of Lxpensien: (b) Max Sof Drop, ft

Linear,,IX /Anch -4 500-1b General Purpeoe lomb We Cocrete:
OOC Lo0X 10 4
350C 8 00130 x 0 ight, tTrials

Herdnes, Mobs' ScSle: Unaffected

Young's Modulus: (b) Low Order

E', dynds/cmV 11.5 x I0
9  High Order

F, ib/Inch' 1.67 X 105 1000-lb Gonerel Purpose lomb vs Concreta:

Ce onsity, gm /cc 1.8 H g
Height, ft

Comoretslve Strength: lb/inch' See beloa Trials

Unaffected

Vapor pressure: Low Order
.C mm Mercury High Order

Compressive _3tren,,th lb/Inch2 1610
•er, s , mcc 1.61l

Ultimate deforrotion, % 1,37
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Downloaded from http://www.everyspec.com



X AMCP 706-177

Fregmientetie Test: Shaped Cheat" iffectiveaeu, TNT 100:

90 M HE, M71 Projectile, e DGS-1-l: Glos Carns Stool Con*$
Density, gm/cc Hole Volume

Charge Wt, lb Hole Dopth

Total No. of Fre m mea ft: Colon G rOY

For composition B 998
For Subject HE 47r6
For 80/20 Tritonal 616 PriVIpel U4W: HE charge

3 Inch HE, M42AI Proje*tie, Let KC-5:
Density, gm/cc
Charge Wt, lb

Totel No. of Fregme-n: Metked of Lemolalg: Cast
For TNT
For Subject HE

_____________________________ Laedhqa Dexeset: gm/cr 1. 81

Fregmeat Velocity: ft/stc
At 9 ft
At 251/, ft Sisege:
Density, gmi/cc-•Method Dry

lites (Reletive to TNT). (a) Hozard Class (Quntity-Distance) Class 9

Ale: 3.25" diameter sphere Compatibility Croup Group I
Peak Pressure A psi Catenary 25.5

Impulse N'OC Pendulum 20.6 E.xudatlon None

Energy

Air, Co•aflod:
Impulse

Usker Weter:
Peak Prejure

Impulse
Energy

Peak Pressure
Impulse
Energy

VE161
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7. 7W' W A 4;f 17-Wrr" ;

AMCP 7064177 HBX-i.; HI3X-3

I'e Stability, of HBX Compovitiona MAde With and
Withou Desiccants and Containing Added Moisture

Moisture A 1000C Vac Stab Test Hviroscopicity,
Explosive cc gas Hours 95• Rif
Composition 0

30C0 710 C

i Standard HBX-I 0.73 0.011 o.47 40 +2.98 +1.13
U+.25 moi-ture 0.68 4o
+o.4% moisture 0.62 40
+0.6% moisture 0.-50 40

HBX-I vithout CaCL, 0.00 0.029 0.36 40 -o.06 -0.25
+0.25 moisture 0.25 40+0.6% moisture 0.27 40

HEX-l with silica gel 0.06 0.031 0.73 4o +0.08 +0.04

Standard I3X-3 0.54 0.012 o.45 40 +2.01 +0.31
+0.05 moisture 0.47 40
+0.:4 moisture 0.43 40
+0.6% moisture 0.41 40

BX-3 u CaClP 0.02 0.049 0.46 40 -o.o6 -0.29
+0. moisture 0.26 40
+0. 4% moisture 0.26 40
+0.6% moisture 0.20 40

IHBX-3 with silica gel 0.04 0.100 0.45 40 +0.09 +0.05

Standard H{-6 0.71 0.017 0.47 40 +2.01 +1.77
+0.27 moisture 0.88 4o
+0.4% moisture 0.63 40
+0.6% moisture 0.65 40

H-6 without CaCd 0.03 0.0&m o.4o 40 .0.06 -0.25
+0.62 molature 0.10 40
+0.4% moisture 0.25 40
+0.6% moisture 0.23 40

11-6 with silica gel 0.05 0.028 o.43 4o +0.09 +0.06

* All samples were ground to 20/100 meash size, 7 days before tests. Silica gel used was
Fisher Scientific Company, Lot 541492, through 100 mesh U. S. Standard Sieve.

162
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AMCP 706-177
HBX-l; HBX-3

Preparation:

IIBX explosive mixtures are prepared by melting TNT in a steam-Jacketed melt kettle equirped
with a mechanical stirrer. Water-wet ROX is added slowly with stirring and heating until all
the water is evaporated. Aluminum is added, and the composition is stirred until uniform.
D-2 wax and calcium chloride are then added. The desensitizer wax, also known as Composition
D-2, consists of 84% paraffin and other waxes, 14% nitrocellulose and 2% lecithin. The mixture
is cooled from approximately 950 to 1OO0 C to a temperature considered suitable for casting
(the lowest practicable pour temperature). HBX can also be made by adding the calculated
amcunt of TNT to Composition B to obtain the desired proportion of RDX/TNT. The appropriate
weights of the other ingredients are added to complete the mixture.

Origin:

Developed during World War II, as relatively insensitive mixtures, by adding 5% desensiti-
zer to Torpex II, for high blast eplosive applications.

References: 34

(a) 0. E. Sheffield, Blast Properties of Explosives Containing Aluminum or Other Metal.

Additives, PATR No. 2353, November 195;.

(b) S. D. Stein, G. J. Horvat and 0. E. Sheffield, Some Properties and Characteristics
of UhX-i, HBX-3 and H-6, PATR No. 2431, June 1957.

(c) L. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo. 10,303, 15 June 1949.

(d) S. R. Walton, Report on the Program to Develop an Improved IIBX-Thpe Explosive, NAVORD
Report No. 1502, 26 July 1950.

(e) A. W. O'Brien, Jr., C. W. Plummer, R. P. Woodburn and V. Philipchuk, Detonation
Velocity Determinations and Fragment Velocity Determinations of Varied Fxplosive !tstems
end Condition_, National Northern Corporation Final Summary Report ,C-F-13, February 1958
TC-ontr-a-ý- •x-19-O20-501•-ORD-(P)-58).

(f) Also see the following Picatinny Arsenal Technical Reports on HBX Exploaives: 1756,
2138, 2169.

34Se [cotnotoe I. page 10.

1W3
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AMCP 706-177 H=X-24

I CompolI..ir Weight. 47.6

Pot~assium Ni1o0stvii 32 OUY,4u 96leuej

(17 micros CO, '( .42
Aiwurinum, atomized 4.8 CO 9% .34

(20 microns)
RX(th~rouwh 325 mesh) 16

Aspaktu (hrou~h 100 mesh) 4 2

C/8'(R1ot lo Pesdswo Psiut0: 'C

~et Seoic~ivdhy, 2 K9 Wt. ".40's Pont: 'C
'u eau of MIres Apparolus, cmrn
Sotmple Wt 20 mg Wrectitth 18Ailx, no

Picatinny Arunal Appioratus, In. 1.6 1
scirrplo Wt, MV 24ý

b(ivtom Poniiulwoi Teoo: Vouu SUadity Teel:
SteelsiiSho Datnrnotes CC,'40 HIes, Ot
Fiber Shoe UnsfXec ted Q0C ..

1001C 1.25
Rile At~iwt Impect Tooe: Treios 1201C

E~.l~ions1351C
1501C

Burned IN Q~v s~a.Dmb Se*% Tueal
U'.afectedSond, gm.

IxpkGW*J To'mpeeetuwe: 1C 1~Ayto :Owwtie001
Seconds, 0. 1 (no cap used) - -- Minirrutm Otoriatiri Ch~fjo, fini

I - Mercury Fultninate .--

550 Lood Axide 0. 1^0
10 ~Tttryl 02

20 NelliIM Meofte, N TNTi

- - L~T"MhilTes, % TNTI
731C Inten..$lew HeOW Towt ,

% Loss in 48 Hrs lf0* To
Method

100'L meet Too Condition

* Loss, lI t A8 Hts 0.15 Confined

* Loss, 2nd 40 H-rs 0.00 Density, qm/cc

Explosion in 101) Hrs ZUgne 8uianc., 96 TNT

Deteue*ee. Rete:

s~ Con itnement
- Condition

Hyr~(kftyi % lionse Charge Dlamneter, in.

Density, gm/lcc
vo~w; NoeRot#, meters/seond
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tI

M.X-2, 4 AMCP 706-177

WMe•als.hte Toa:. Shaped Coere IffectiveeS, TNT = 100:

90 mm HE, M71 Pejectlle, Loe WC-91; Gloss Con*s Steel Cones

Densiity, grn/.' c Hele Volume

Charge Wt, lb Hole Depth

Total No. of Fromaeh: Ceoetr, Gray
For TNT
For Subject HE

Pvfacpe I U14t HE filler for small caliber
3 1bk Ht, 4 -. M A1 Prej*cte, Lot KC-S: projectiles

Denihty, gm/cc

.horge Wt, lb

Total No. of Foveqmesl: 4 D L.d if : Pressed

For TNT
For Subject HE

Loadlog Doelw gm/cc

Uremoen VYlecatyl ft/sec Pressed at 20,000 psi 2.1
At 9 ft
At 25V ft S~malge

Denalty, gm/cc
Method Dry

Blast (Ro•laive to TNT): Hazard Clas (Quantlty.Dlstonci)

Ain Compt•iblty Gfoip
Peak Pvessure

Imipulse Exuudotito None
Energy

Static Tetes:
Air, Ceofi4fth 20 rmm w1l Proicctilel

Impulse- iPA Peek Th ureTs i psi 55
IIFOC 20" Bllast Cube 44

Umkt Wawe: APO 24" Blast Cube 44
Peok Presure Otatic Tests:
IMPUlse 2 ;TM7r7ProJecti le:
Energy }{EX-24 Tritonal Torpex

Foxboro psi 19 1 3.0
Uuder reiia, CstenarIj ,si 46 .... ....

Peak Pre,,ure Diration, icrosee 533 ...

Impulse AP0 24" T !.t Cube 36 21 32

Enerav fleet of:

Flame Temperature, OK 2552 Combustion, cal/gm 419T
Activation Energy, kcal 20.4 Explosion, ral/gm 1858

Temp, C- 4O to 570 Gas volume, cc/gm 159
Sp'epcific reaction

rate, kc 1.64 x 10-5

16,
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AMCP 706-177 -.__x-48

Compusition: Molecular Weight: 47.6

Potassium Perchlorate 32 Oxygen Balance:
(17 microns) CO.. % -42

Aluminum, flaked (I micron) '4 CO % -34
RDX (through 325 mesh) 16
Arphaltum (through 100 nesh) 4 Dentiy g1/c= e

Making Point: 'C

C/H Ratio Freezing Point: "C

Impact Sensitivity, 2 Kg Wt: Boiling Point: 'C
Bureau of Mines Apparatus, cm

Sample Wt 20 rr Refractivo Index, 10•
Picotinny Arsenal Apparatus, in.

Sample Wt, mg

Friction Pendulum Test: Vocuum Stobility Test:

Steel Shoe Partially/ detonates cc/40 Hrs, at

Fiber Shoe Unaffected 90'C
100'C 1.52

Rifle Bullet Impact Towt: Trials 12QiC

135'C

Explosions 
15'C

Portials 150"1C

Burned 200 Grom Bomb Send Test.

Unaffected Sond, gm 23.7

Empleeion Tomporetuvo: C Senst~ity ty V* InOteOe:

Seconds, 0. 1 (no cop used) --- Minimum Detonating Charge. gm
I --- Mercury Fulminate ....

5 545 Le•d Aide o.02o
10 etryl 0.25

15

20 Ballitic Mastt, % TNT:

Trouul Toet, % TNT:

7W'C Intemettionl Heot Tet•:
% Loss in 48 Hrs Plet Dont Too:

Method

100'C Heat Test: Condition

"% Loss, Iit AO Hrs Confined

% Loss, 2nd 48 Hrs Density, gm/cc

Explosion in 100 Hrs Brisonce, % TNT

Doootin Raete:
Flammebllity Index: Confinement

Condition
Hygrscepicity: % i Charge Diameter, In.

Density, gm/cc

Rate, meters/tecond

111W"
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AMCP 706-177

Fregmentetl. Test: kSheped Cl, 'g Effectiveness, TVNT 100:

90 mm HE, M71 Prejetile, Lot WC.91: Glass Cones steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Toetl No. of Frogwents: Gray
For TNT
For Subject HE Prlnipal Uses: HE filler fcr small caliber

3 inch HE, M42AI Frojectil, Lo KC-Se es

Density, gm/cC
Charge Wt, lb

Tetal No. of Frements: moth" of Leeding: Pressed
For TNT

F o r S u b je c t H E _ _ _ _ _ _ _De n si t y_ _ _ _ _ _ _
Lodigl0g Dqe~dry: gm/cc

SFragment Velcity: ft/sc PPessed at 20,000 psi 1.62

At 9 ft
At 251• ft item.:

Density, gmn/cc Method T

Blest (Reletive to TNT): Hazard Clan (Quorlty.Distonce)

Air: Compatiblity Group
Peak Pressure
Impulse £xudatlon fane

Energy

Impulse" 
PA Peek ereseure, psl T"
'.7•C 20" 'lest C-Ibe 45

Uqder Wete,: A?'; 24" Bleat Cube 42
Peak Pressure 2tt c 'tets:
Im p u ls e 7 1C) " e t'Pr o ' c t e :

Energy roctoro pxi V-3 75 r.
Ca ;er.ar psi 143 26 28

Underground: T'aratiot,, mlcrosec 517 560 530
Peak Pressure AP, 24" Bleast (,';be 21) .. 10
Im pu lse '!e et o f :

Energy 2re,; 'ý 2 Corluestlon, cl/gn 141l9
,'.:Y',:."•" *o:.'" .... kcsl. 25.. Explalun, ca)I/gm 1735u: r!, kca 2 rae Volume, cc/gm 200

a. "0 to 470
re.,k 7.,,4 x 1

107t
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AMCP 706-177' M.4

Cook-Off Tests: (a)

20 I• '215l MEX-48 Loaded Projectiles With Dye-Coated RDX Top-Off

Projectile No. Cut-Off Te-pf e C 00Cook-off

3. 170 Yes (198)

2 150 N

3 155 Yes (nSo)

4t 4 150 to 175 NO

National Northern Projectile Load:

MOX-2B (no top-off) 195

IMOX-2B (Tetryl top-off) 150

t.OX-2B (97/3, RDX/wax top-off) 1715

MOX-2 (no top-off) 175

Fragment Penetration Tests: (a)

1 Avg. No. of Penetration. per
I Round in Zone 6•5-130w

PrQjectile Filler Altitude, Feet 0.020" 0.0401 0.051"

I H=X-48 Ground 352 264 282

6o,ooo 676 432 388

T282l MOX-2B Ground 634 290 235

60,000 807 367 250

Mod 0 o X-2B Ground 476 268 224

60,oo0 672 264 256

'The fragment penetration test records numbers of complete penetrations of aluminum panels
of various thickneases at 2.5 feet from the static detonation. The total penetrations recorded
on the 24ST-3 aluminum panels occurred with the projectile note alvaya pointed toward C0 and
the base toward 1800.

The teat data indicate that on th. thicker penela, 0.040" and 0.051," the I.-48 loaded
T215EI projectile produced more coc':ýeta fragment penetrations at ground and altitude than
MOX-2B loaded 7282EI and EXB Mod 0 projectiles.

J168
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ME-24; HE- 48 AMCP III7

Preparation:

TIhe H= compocitiona were pleparad by blen'.ing tho appropriate weight of the drty Ingred~tents
in a Patterson-Kelly t-win-shell blender for at least 30 minutes.

An alternate procedure for 100 to 200 gram batches used #A "Cradle-Ro~ll mixing device.
This. device consisted of a half-barrel type cont~iner constructed of wood and lined with an
clectrical conductive m~terial. A plastic roll war allowed to move over the ingredients by
remote control action of the container The roll action prevent~td c.aking of the mix but had
no adverse effect on the particle size of the ingredients. The period of time roquired to
obtained a uniform and intimate mixture was approximately fifteen minutea.

origin:

The development of "slow-burning" explosive mixtures which wculd produce increased blast
effects in enclosed or nearly enclosed spaces directed attention to their use for possible
military application. In 1950 Picati.ny Arsenal, developed a high capacity filler for 20~-Z
projectiles consisting of 85/10/5 mD/aluminum/desensitizer which wVt3 more powerfnil than stan-
dard tetryl filler. However, in comparison with MOX type explosives, there was little doubt
as to the superior performance of the MOX mixture. B=C (high energy explosive) mixtures were
developed at Picatinny Arsenal in 1953 (Ref a) ae superior- higE blast compositions suitable
for use in small caliber projectiles.

References: 35

(a) 0. E. Sheffield and E. J. Mu-roiy, Development of 2rxplo91veq-41etalli zed Explosives--
High Blast Fillers for Small Caliber Shell., Picatinny Arsenal Memorandum Report No. MR-49

21 Dcembr 153.

(b) 0. F.. Sheffield, nropeties of MOX-Tay-e Explosive Mixtures, PATR No. 2205, October
1955.

(~c) National. Northern Corporation, Letter from Dr. C. M. Saffar, Jr., to Coinandir~g
Officer, Picatinny Arsenal, 12 June 1957.

35e oonote 1, page 10.
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AMCP 706-177 ,4,b,2, ,4' 6'-Hexanitro-oxa.ni1ide (Im0.

Composition: Moleculea Weight: (CljH6.:•OlI,)

C 33.0 - •e nce:
i CO. ab 53.4s

h 1.2 N;CO 009.

•2--9 Density: gm/ccS, 21. 9 0 i o.0 ___________

0 L43.9 Melting Point: 'C Decoiaposes 302

C""H Ratio 0.7117 *;2 Freezing Point: "C

Impact S.e-.itivity, 2 Ke Wt: Ioioing Point: iC
Bureau 1-1 Mires Apparatus, cm - -

Sample Wt 20 mg Refractive Index, n
Picotinny Arsenal Apparatus, in. 15

Sample \'/t, mg 12 nJ,
n0

Friction Pendulum Test: Vacuum Stcbility Teot:

Steel Slhoe Urnafected cc/A0 Hrs, at
Fiber 5ho. Unaffected 90-C

lO0OC 0.40O

Rifle Wullet Impoct Test: Trials 120 o
120 C

Eplosions% 135C

Partials 150 C

Burned 200 Grai laimb Sand Test:

Unaffected Send, gm 52.1

Explosien Temperature: C sensitivity to initiation:
Seconds, 0. I (no cop used) -- Miivmum Detonating Charge, gm

I Merctry Fulminaote -
5 ~ l Leow Axide 0.30

10 Tetryl u.25

15

20 *elllsic Mettor, % TNT:

Treusi Test, % TNT:

75'C Inteonetienal Heet Test: TaiTo e THe t

, Loss in 48 Hrs Plate Dent Too.
Msithedx

100'C Hneat Test: Cor-irtion

% Loss, 1st 48 Hrs 0.07 Confined

% Loss, 2nd 48 Hrs 0.0ý Density, gm/cc

Explosion in 100 Hrs onoe Brisonce, % TNT

betenetli•n P.ae:
Flammability Indos: Confinement

Conditi•n
HygrescoPicity: % 25 0c, V4• pll 0. !1 Charge D,ometer, in

Volatility: Density, gm/cc
o Rate, meters/second

1701
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2,4,6,21' ,1' ,6'-Hexanitro-oxanilide (WrO) AMCP 706-177

Frogrmentetto Test: Shaped Chat" OffHvieness T?^T =10:

90 mm HE, M71 Projectile, Lot WC.tm• Gloss Co•es StIe| Cones
Density, gm/cc Hole VolUme
Charqe Wt, lb Hole Depth

TO W No. of Fregments: A lw t w

'For TNT

For Subject HE
1,t. P.ielpd USes: Igni tar powder; pVyrotechni c

3 Inch ME. M42Ai PIeojtle., Let KC-S: Co tpo$s tions

Density, gm/cc

Charge Wt, lb

TOWol Ne. of Fromemnt: Moed of L*edhMj: Pressed mud *xtrued

For TNT
For Subject HE

Laed"lg Desity: gm/cc

Urolme." Velocity: ft/sec
At 9 ft
At 25k. ft Sileote

Density, gm/cc

Blest (Reletive is TNT): Hazard Clas (QWnflty-EVistanco) class 9

Air: Cariptibility -w

Peak Pressu,-e

Impulse ExLdation None

Energy

Air, Coifimed:
Impulse

Undor Weter:

Peol Prussure

Impulse
inergy

ueelergreard!
Peak )retsure

Impulse

Energy

171
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AMCP 706477 2.,4,6.2',4 .•;6'.-Heomnit.-oxa.iltde (IOo)

Solubility in the following substances:

Solvent

Xitrobenzene e3 gm in 100 cc, at 230 C - 5 gm in 100 ,c, at 2100 C
Water 0.10 g1Q in 100 cc, at 100°C
Alcohol (Ethyl) Insoluble
Acetone Insoluble
Benzene Insoluble
Butyl acetate Insoluble
Ckrbm• tei,rachlbride Insoluble
mivethylformQiuda Very soluble
Ether (Ethyl) Insoluble
Acetic Acid Insoluble
Witric A•-id Soluble
Crystalline form Long rectangulti- glistening plates freva nitrobenzene

To prepare hexntitro-oanillide, first prepare tetraitro-oxraillde as described herein
under the entry "2,4,2',4'-Teatanitro..o:•nillde (Tno)."

A 1.5 liter round bOttom flaik is equipped with a stirrer of the type which causes a down-
ward swirl. The flask Is Jacketed for hot and cold water. 187 grams of nitric acid ok' speci-
fic gravity 1. 4 9 (co.me-.cial grade) is placed into the flask and 100 grams of sulphuric acid
is added to tht. u~itric acid uider agitation. "he rixed acid is cooled to 10 0

C. 29.2 grams of
tetranitro-oxanilide In alo•vy added to the mixed acid under rapid %gitation maintaining the
temperature at 8o-i0OC. After the addition of the TO is completed (approx1mately 25 iJ.nutes)
the temperature is raised to 850

C over a period of 2 hours and held at 85
0

-90
0

C for one hour.
The hexanilro-oxanilide (HNO) "slurry" is filtered on a Bachner funnel and purified as ex.
plained under "Tetranitro-oxamnilide."

A. G. Perkin in 1892 obtained hexawliro-oxanilide directly by heating to boiling a solution
of totranitro-ox~uilide in a mixture of sulfuric aud nitric acids. He olco prepored the aake
ccmound f'rom ouanilide by the action of a boiling mixture of fuming nitric and sulfuric acids
(J anest sue 61, 46e (1892)).

References. 36

(a) L•o owen and R. Duigena, Case Gun Ignition Studies, HAVORD Report No, 23,1, 13 June
1952.

(b) D. Dubrow and J. Xristal, Substitution of Tetranitro Oxanillde and Hexanitro OxanilIde
for Tetranitro Carbazole, PA Py-ot~ehnic Research Laboratory Re4or-• 68-m , 20 December 195'i.

(c) S. LiAvingston, Precaration of Tetranitro Carbazole, PA Chemicsl •eoearch Laboratory
Report 136,330, 11 Aprio l o eo ,

(d) S. Livingston, Development of Im , ~ed Ignition Type Povderap PATH No. 2267, July 1956.

36is. footnote 1, paeg 1i),
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bete-}HVC (a) AMCP 706-177

CompostionI H2  Moecular Weight. (C4 H8 N8 08 ) 296

C 62 02 N-N-NO 2  CO.- % .21.6
H 2.7. H.C CHCO% 0.0

N 37.9 02 Nl - N-N2 Density: gm/cc Crystal 1.90

143.2 ýH2  Malting p~Itt.C C~iJaymeto
Micer ro Ho' 2ta 0

C/H Ratio 0.095 Freezing Paint: 'C

Impact Sensitivity, 2 Kg Wt: "ofing Point: 'C
Bvrwxu ,)f Mines Apparatus, cm 32

Sample Wt 20 mg Refractive Index, n.
Picatinny Arsenal Apparatus, in, 9

Sample Wt, mg 23 s

Frictian Pendulum Test: Vacuum Stability Test.
Steel Shoe Explodes cc/40 Hrs. at
Fiber Shoe Unaffected 90*C

100*C 0.37
Rifle lullet Impact Test; Trials 1201C o.145

Explosion$ 3'

Partial$ 5'Co6

Burned 200 Gram lomb Sand Test:
Unaffected Sand, gm 6.

Explosion Temperetsivre: C Sensitivity to Iflitietia..
Seconds, 0. 1 (no cop used) 380 Minimum Detonating Charge, gmn

I- Mercury Fulminate
5 327 Leoad Ade 0.30

10 3o6 Tetryl

20 11111qllistic Moitst, % TNT: 150

Treuzi Test, % TNT: 1145
75'C Interqetlenel Hoet Testi 5, et

% Loss in 48 HrsPlisDnTet
Method

100'C most Test: Condition

"9 Loss, !st 48 Hrs 0.05 Conflned

"9 Loss, 2nd 48 Hns 0.03 Density, gm/cc

Explosion in 100 H's None Brisonce, %6 TNT

*Detonation Rate:
Flammeablity Index: Confinament

* Condition

Hygroscopicityc) % Charge Diameter, In.
30C_5 Ml (c .0 ensity, gm/cc 1. 81L

Volatility: I Rate, meters/seond 91214

17:3
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AMCP 706-177 beta-1IC

Uooster Se.sitiviry Test: D 41cmpstion IEqoMtiaa
Condition Oxygen, otoms/stc ( 10 .
Tetryl, gm (Z/$Sc*

Heat, kiiocalorie/mo)s 52,7
Wax, in. for 50% Detonation (UH, kcal/mol)
Wax. gin Temperature Range, *C 27i- 31l4

Density, gm/c¢. NIGo Liquid

Heat of: A

Combustion, col/jnm 2362 Ar. Plot. lmie+ Tst:

EXoloSiOad, col/gm (e) 1356 60 mom Merea, ProjectJk:
Gas Volumie, cc/gm 50% niert, Velocity, It/1eC

Formation, col/gm (e) -60.- Aluminum Flnenes

Fusion, col/gm
SOO-b General Pus.e 261mb":

Specific Heat; col/gm/'C Recrjstallized (g)
0 c OC Plate Thickness, inchri

-75 0.153 85 0.28a
0 0.228 90 0.290

25 o.2L8 100 0.295 /,,
50 o.266 125 0,307
75 0.282 150 0.315

ow rtsi Rate:
€m/sec

Bomb Deop Test:

"rhdrmol Catiduetivity:T /en /¢m/Cosductlv:, 2000-I4 Soml.Armor-Piercing 3omb vs Concrete:

Coeafildo eoft oE pansion Max Sofa Drop, ft

Line, %/'C S -1s tnel Per gpe bomb vs encrot:

Volume, %/*C Height, it

Trials
14daN4le, Mhe*' Scow: (e) 2.3 Unaffected
Young's mo d•4ul Low Order

VE, dyn e/ High Order

E, lb/inch 1t000-lb ¢Uemrl Purpose Iorn vs Concrete:

Density, gm/cc

Height, ft
Compressive Strellth: lb/inch2 Trials

_ _ __Unaffected

Vapor Protsure: Low Order
'C mm Mercury High Order

E'l IN
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beta-HMX AMaCP 706-177

Uegaration: (b) NO2

SC CH -- N -- CHCNN N 2
2I 2

CA Xh2 N 02 N-O -* ON-N N -NO2H2 0 N N CH N-NO2 1 1 2 2
C11

CH 2  CH/ CH -N-.Ci1 NO,.

N N

CH ----

Tvo men are required to regulate the addition of reagents and control the temperature dur-
ing the initial jta~e adclition; one man cen complete the procedure, A 1-liter 5-necked flask
is used, the center neck for an efficient 4tirrer, one side neck for a thermometer, and the
other necks for burrettoz and 4 gag outlet (to water trwAp), he flaxk ia placed in a pan with
ateam and cold water inlets, for temperature control.

Five nc of acetic anhydride and 250 ce glacial acetic acid are poured Into the flaUk and
tha temrirature brought to 45 + 10 C, end held there for the duration of the entire reaction.
TLe reagents (a solvtilon of 33.6 gm hezmine in 55 gm of glacie& acetic acid, 100 cc of ace-
tic anhydrid6 tuid 40 cc of a solution of ha. 3/57.7-amonium nitrate/98% nitric acid) are then
added simultaneously, contlnuously and, equivalently over a 25-minute period. The reaction
mixture is aged 15 minutA$.

The second stage reagents (60 co of 42.3/57-., woniura nitrAte/98% nitric acid and 150 cc
acetic a•niyd~ride) are then a•,ad iimultaneoualy, continuously and equivalently over a 2,5-iain-
ute period. The mixturn It aged 65 minutes, poured into 1.5 liter of water and sirmered on a
steam bath fcr 12 hoors. Cool, filter wnd dry the RDX-HVC pre,.opitsto (yield 73% I=4o).

The RDX is dastroyed, leavig HMX, as follows: 1025 •M of the urude product arc placed in
a solution of 15 gm sodium tetraborate dtva).ydrate in 5 liters of water, heated to boiling
with agitation, and 5 N NaOH added at the rate o'): 3 cc/min. When about 730 cc have beerl added
the pH increases sharply frum a littlc over 8.7 to over 9.7 which corresponds to ciuplete
destruction of the RDX, Filter the H0V 1roa the hot mixture; yield 612 gm, mp 279,50-280.0C.
Rec•rstallization from nitromethane yitlds material melting @.A 28l.-•82oC.

Origin.

Was discovered as an impurity (by-product) in the nitration of hexamethylene-tetaramine to
form RDX. Xt is now msnufacturqd directly by the procesp describ3d above and has valuable urns
in explosive systems.

Removal of RW from Iflc-RDX Xitxtures ant Recover". of a RDX-Ih4 Mixt,,nL(.a, procedure appears

7u-itale ',•,or,• use.•.,. • "•*•" vitb mlxtures c iYmor 194 .... "
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J40MV•' -`-4 WT. ... .77...

AMCP 7C6-177 beta-IHV

Procedure,

500 grams of WdX containing 12.25% RDX are placed in a 1500 cc beaker, 500 cc of acetone
is added and the slurry is agitated for several minutes at room temperature. Before complete
settling, the RDX-IUX-acetone solution is decanted.

To the residual MIX-RDX, another 500 cc of acetone is added. The slurry is heated on the
steambath and while boiling, agitated for several minutes. The boiling RDX-WMX-acetone solu-
tion is decanted. The residual IMC is now washed with cold acetone into a funnel. This HMX
is now taken up in 95% alcohol, filtered and dried. Yield 35j.9 gm or 70.78%.

All the acetone extracts are combined and evaporqted to dryness. Yield 137.5 gm or 26.5%.

Yield Balance:

Pure 1JM obtained - 353.9 gm 70.78%
Total RDX-•MC mixture recovered -

137.5 gm 26.5o0%
Samples taken during process -

2.4 gm o-4%
Loss during process 2.24,

Total 100.00%

Various samples were analyzed for RXD content:

1. Crude MMX 12.25% RDX
2. After first acetone washing 6.0% RDX
3. After second acetone washing 2.0% RDX
4. After third acetone washing 0.0% RDX
RIfX-194X sample recovered 54.5% RDX

Preparation of Fine Particle-size MAdX by the Aspirator Method:

I. Dissolve 1100 gm HMX in 44N cc of dimethyl sulfoxide.
2. Filter the HkX solution.
3. Connect a clean aspirator to the water line.
4. Place a 55 gallon clean drum under the aspirator.
5. Fasten a polyethylene tubing, long enough to reach easily to the bottom of the H'V-

dimethyl sulfoxide container, to the side intake of the aspirator.
6. Fasten to the bottom of the aspirator another polyethylene tube long enough to reach

to the bottom of the 55 gallon drum.
7. Open the water faucet and then place the polyethylene tube in the HMX container.
8. White milky fine MO.•X separates out in the drum. Total duration of run is approximately

7 minutes.
9. After all the INX solution is sucked out of the container, the water is turned off.

i0. The material is filtered and water washed.
11. If ury MQ.X is required, the material can be alcohol and ether washed.

A more efficient method to recover the RDX-IWMX mixture:

1. Filter the combined hot scltone extracts.
2. Pour while agitating the filtered extracts into at least 4 times its volume of water.
3. Filter and dry, ctc.

176
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beta-HaX AMCP 706-177

Color.

White

Storage,

Method Dry

Hazard Class (quantity-Distance) Class 9

Coopatibility Group Group r L (dry)

Group M (wet)

Exudation None

References: 37

(a) 0. E. Sheffield, E. J. % mrray, A. L. Rosen and B. W. Kanouse, Propertiei of HMX, PA
Chemical Researcch La~oratnry Report No. 52-•'I-23, 7 April 1952.

(b) W. E. Bachmann, The Preparation of EMX, OSRD Report No. 1981, 3 November 1943.

(c) S. Livingston, Characteristics of Exnlooives IMX and fPEHN, PATH No. 1561, 6 September
..945.

(d) R. J. Finkelstein and G. Geamw, Theory of the Detonation Process, NAVORD Report No.
90-46, 20 April 1947.

(e) 0. H. Johnson, H.X a% a Military Explosive, NAVWRD Report No. 4 37.L, 2 October 1956.

(f) Also see the folloving Picatinny Arsenal Technical Reports on H.X:

1741 2183 2016 1737 1709
2059

(g) C. Lenchitz, W. Beach and R. Valicky, EnthaIPY Changes, Heat of Fusion end Specific
Heat of 3ania Explosives, PATR No. 2504, January 1955.

3 7
See footnote 1, pege 10.
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AMCP 706-177

CompositionS. Moleculer W6ight 91

49 Oxygon Balence:
96 % -51

29 0 % -27

Alominum 22 Oanalty: gm/cc Cost 1.90

Melting Point: *C

C/H Ratio Freezing Point: *C

Impact Sensitivity, 2 Kg Wt: Boiling Point: *C
Bureou of Mines Apparatus, cm -.
Sample Wt 20 mg Refractive It dex, no,

Picotinny Arsenal Apparatus, in. 17
Sample Wt, mg 2 n25

not

Friction Pendulum Test: Vecuum Stability Test:

Steel Shoe Unaffected cc/40 Hirs, at

Fiber Shoe Unaffected 90C -

100l-C ....
Rifle Bullet Impact Test: IOTrials, 120*C 0.37

346" steel 1/8" Al 1...51C
Exj)Ila.i•ns 90 50

rortiols .... 150C
Burned 10 -" 200 Gram loqmb Send Test:

Unaffected 0 50 Sand, gmn 61.3

xp.. Slion Tempereifre: °C Sensitivity s lnit4e.ton:
So onds, 0.1 (no cop used) --- Minimum Detonating Charge, grn

I --- Mercury Fulminate ....
5 Flames erratically 370 Leoad Azide 0. 30

10 Tetryl ....

Is
20 eollistc Meeter, % TNT. 120

Treusl Test, % TNT:
75'C laternetlenei Heot Test:

% Loss in 48 Hrs Plete Dent Test:
Method

100'C Heat Test: Cond'ion

% Loss, 1St 48 Hrs Confined

% Loss, 2nd 48 Hrs Density, gm/cc

Explosion in 100 Hrs Brisonce, % TNT

Detonation Rte:
Flemmob•lity Index: Confinement None

Condition Cast
Hygroclpicity: Charge Dioneter, in, 1.0

Density, gm/cc 1.90[ Veleti4ity: Rote, meters/wecond 7866
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HTA-3AMCP 706-177

Boaster Sensitivity Test: Oaom"Positlaex Equaetion:
Condition oxygen, atoms/sec

Tetry, gmHeat, kilo-alorie/male
Wax, in. for 50% Detonation (.%H, kcal/mol)
Wax, gmn Temperature Range, 'C
Density, gm/cc Phase~

Hoot ofarorPae s:o et
Combustion, col/gmn 368 T ArrPltIaocTet
Explosion, cal/gm 1190 60 mm Novrte Projectile:

Gas Volume, cc/gm 6050% Inort, Velocity, ft/sac
Formation, cal/gm ... Aluminum Finenali
Fusion, cal/gmn

500-lb General Purpoeo Iambs:

Specific Heat, cal/gm/*C
32' to 74'C 0.245 Plate Thickness, inchas

13~
turning Rate:

cm/sec
_________________111140la4 Drop Teet:

Thermel Conductivity: TY, 2000-b Uall-Awer- Piercing lamb ve Concrete:
cal/sec/cm/*C

Ceoafficlant ot Mxaso:hax Soft.. Drop, ft
Linear, %/'C 300-l1b Genseral Pusrpose lamb vs co~efrte:

Volume, %/*C Height, ft
Trials

Hardnesso, Mah.' Scaeo: Unaffectesd

Youngs Modlus:Low Order
Tewig M~du~ss:High Order

E', dynos/con'
E, lb/inchl 1000-lb Gooeroll Purpose. omb vs Concrete:
Density, gin/cc

Height, ft
Compresselve Strenj~th, lb/Inch' 22i0 Trials

ACe L.elav Unaffected

Vapor pressure: '.ow Order
.CmmMercury -High Ord

Coorsl' tren,rth: lb/lnch' #

91l0 lll..h 3.22
Low 2.52

.eel, specimen 1!'2".~ 172cl.re (approximntelý.' 3 ,M) press*,.; at. -4 -..IB ('-.000 1b) total
load or 30,000 pal w4I~h a 2 :nin.ite time of dwell.
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AMCP 706-177

Fragmen~tationm Toot: Sho0*4 Charge Effectiveneus, TNT -100:

90 mw HE. M71 Projectile, Lot WC-91: Glass Cones Steel Cones
Density, gm/cc Hole Volume
Charge Wt, lb Hole Depth

Total me.ef Pregmeute: Colo.~ Gray
For TNT
For Subject HE

Principal Uues: HE projectile and bomb filler
3 Inch ME. M42AI Projectile, Let KC-S:

Density, gn,/cc
Charge Wt, lb

Total so. of Fragmewts: Moh of Lo~n:Cs
For TNT
Foo Subject HE_____________ ______

__________________________________ Leeding Doinaiy: gm/cc 19

Frogment Velocity. ft/sec
At 9 ft
At 2514 ft Stoe"g:
Density, gm/cc

mc~hw Dry

311elt (b1.~tfe to THThl Hazard Class (Quontity-Distance) nages 9

Air Canpatib~l~ty Growp Group I
Peak Preuurs .
Impulse Exidatlkil None
Energy _ _ _ _ _ _ _ _ _

AlfCAMW"IWorkc to Produce Rmpture: ft-lb/.ncks3

Impulse Average (10 tests) 2.77
High 3.39

U014er waetr: LOW 2.1.0
Peak Pressure
Impulse Effl~ux Viecosity, Saybolt S~econds: 214.8

E-ergy

Peak Pressure
Impulse
Energy

*esat specimen 1/2" x 1/2" cylinder (approxi-
ratelY 3 gmn) preseed at 3 tonv ('ý,000 lb)
total lood or 30,000 psi vith a 2 mfinult*
time of dvall.
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AMCP 706-177

Modulus of Elasticity: *

lb/inch 
,

Average 89,200 I

High 9 7 ,I4 00

Low 76,300

* Teat specimen l/L'" x 1/2" cylinder (approximately 3 gin) pressed at 3 tons (6,000 ib)

total load or 30,'00 psi with a 2 minute time of dwell.

Setback Sensitivity Test: (a)

Critical Pressure 119,000 psi *

Density, gm/cc 1.92

* pressure below which no initiation is obtained and above which an increasing

percentage of initiations can be expected as the setback pressure increases.

Preparation:

Procedure similar to that used for Torpex.

References: 38

(a) ist Indorsement from Chief, Explosive* Development Section, to Chief, Explosives
Research Section, Picatinny Arsenal, dated 12 May 1958. Subject: "Properties of Octols
and HTO-3."

(j) R. Brown and R. Velicky, Heat Capacity of HTA-3, Picatinny Arsenal General lAboratory

Report No. 58-Hl-509, 5 May 1958.

38
See footnote 1. pasge 10.
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AMCP 706-177 Lead Azide

Coempesiton: Molecular Weight: (PbN6 ) 291

Oxygen Baloncii:
N 26.8 CO. % -5-5

N-N-N--b-N-N-N CO % -5.5
Pb 71.2 Density: gm/cc Crystal 4.80

Dexzrinataa -4. 38
MOW;,n Point: *C Decomposes

C/H Ratio Freezing Point: *C

Impact Sensitivity, 2 Kg Wt: Pure Dextrinated soiling Point: 'C
Bureau of Mines Apparatus, cm iu 17

Sample Wt 20 mg Refractive Index, nO
Picotinny Arsenal Apparatus, in. 3 5

Sample Wt, mg 30 28
n

Friction Pendulum Teat: Vocuum Stability Test: Duxtrinated
Steel Shoe Explodes cc/40 Hrs, at
Fibm. Shoe Explodes 901C

1001C 1.0
Rifle Bullet Impact Test: Tr!,ds 120'C 0.07

% ~135'C
Explosions
Partials 150'C

Burned 200 Grgm lomsh Send Test:
Unaffected ýoVadnftdi1powder fuse 19.0

Explosion Teomwature: 'C Sensitivity to Initietio.:
Seconds, 0, 1 (no cap used) 396 Minimum Detonating Charge, gm

1 356 Mercury Fulminate
5 Explod3a 340 Load Axide

10 335 Tetryl
15 335
20 335 Ballistic Metter, % TNT:

Treuxl Test, % TNT: (a) 39
75'C International Heot Test:l

% Lots in 48 His Mato Dan# Test:
Method

100'C Hset Test: Condition
% Loss, Ist 48 Hrs 0,34 Confined

% Loss, 2nd 48 Hrs 0.05 Density, gm/cc

Explosion in 100 Hrs flat- Britonce, % TNT

Detenntles Ratel Pure Lead Azide
Flemmebility Index: Confinement

Condition Pr£ealed
% Dextri:.eted ;;o Dextrinated

O0 ',• 13 0.. 0.03 Charge Diameter, In.
- Density, gm/cc 2.0 3.0 4.0

,Vlatility. Rate, meters/second 4070 4630 5180
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Load Azide AMCP 706-177

Fragmentatlon Test: Shaeped Charge Effectiveness, TNT-- 100:

90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Total No. of Fragments:

For TNT
For Subject HE

Principel Uses: Detonators, priming compositions,
3 isch HE, M42AI Projectile, Lot KC-5: and commercial blasting caps

Density, grn/cc
Charge Wt, lb

Total No. of Fragments: Method of Loading: Pressed

For TNT
FrSbetH Loading r~ensity: gm/cc psi X 103For Subject HE

3 5 10 15
Fragment Velocity: ft/soc 2.62 2.71 2.96 3.07

At 9 ft
At 25.: ft Storage:
Density, gm/cc

Method Wet

Ils, t (Reletive to TST): Hoznrd Class (Qt..ntity-Oistatice) Clias 9

Air: Compatibility Group rGroup M (wet)
Peak Pressur'

Impulse Exudation ';one

Energy

Cormatibilit:. •ith :.Metal,:
Air, Confiead:

Impulse Dr' lead azide does not react with or cor-
rode steel, iron, nickel, aluminmm. lead.

UnderWater: zinc, copper, tin or radmIum. V' does noteak Pressure affect coatings of acid-proof Uls,:k aair,t,Peak Pressure oil, W1C compound or shellac. ýdd azide in
Impulie the presence of moisturu corrodes zinc an:]
Energy copper; and wlit copper, it forms the extreme-

rl sensitive enc. iar.jerous Qo;per azide.
Undekoraou41: .pecif Ic Res t: cal/m/'C

Peak Pressure OC
Impulse -50 0.110

Energy . 0.110
"l!"', of* 25 0.110

r.Omb s.ion. cal/,3m 630 50 0.110

Yxplosion, csil/,,m 367 ',"hermal Conductivit
Cas Volumne, cc/gm 30d

Formation. mol/lm -346 .sllsec,'vn°C (Pire) ',ý5 x 10"

SIN
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AMCP 706-177 Lead Azide

Compatibility with Metals:

D Steel, iron, nickel, aluminum, lead, zinc, copper, tin, stainless steel, brass and
bronze were unaffected by six years' contact vith dry lead azide at ambient temperature and
500C. Monel, chrome-nickel and Inconel were unaffected under the same conditions in two and
one-half years.

Wet: Copper and zinc are rapidly attacked by moist lead azide, while aluminum is not
attrc-ked in 24 hours. Monel, chrome-nickel and Inconel a.e not attacked by lead azide (i%
moisture) after 29 months' exposure at ambient temperature and 500C, and J-1 magnesium-alumi-
num alloy is very slightly .:orroded.

Lead Azxie
Lead Azlie Lead Azide 20

Lead Azide lus
Sample Tested 25T Wter 20f-Waer

Friction Pendulum Test:

(All IA dextrinatad)

Shoe Fiber Fiber Steel Fiber Steel Fiber

No. of Trials 1 10 12 10 4 1
Explosions 1 0 0 0 1 1
Cracklings 0 2 0 2 0
Unaffected 0 10 10 i0 1 0

Impact Sensitivity, 2 KXg Wt:

(All 1A daxtriated)

PA Apparatus, inches 4 9 9 4

Activation Energy: (c)

Kcel/mole 23.74
Induction Period, seconds 0.5-10

Initiating Efficiency, Grams Required to Give Complete Initiations of:

Dextrinatet Azide (gm)

TNT 0.25
Tetryl 0.10
RDX 0.05
PE'Z 0.02

Sensitivity to Static Discharge, Joules (Pure Lead Azilde) (b) 0.0070

184
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Lead Azide AMCP 706-177

Coalbilt of Dxtrnated Lead Azide with Black Powder:
-- l0C Vacuum Stability Test, :c74 'hr:

4-
gemple Wt (gm) :;Aterial cc

1.0 Lead Azide 0.50
1.0 Black Powder ('.38
2.0 50/50,Lead Azide/Black Powder 1.26

Solubility of Pure Lead Azide; gm/IOO gm of Water:

occ

20 0.05

Preparation of Lead Azide (Dextrinated): (du Pont procedure)

2 IA - X - Nm N + Ph (0)-# Pb(N 3) 2 + 2 Z~NM

Lead nitrate solution: This to prepared by dissolving 164 lbs lead nitrate and 8.25 Ibs
dextrine in deionized water, the solution allowed to settle, and sodium hydroxide added to
bring the solution to a pH of 5.4. 'Ie final concentration of the solution is then adjusted
to 7.4% lead nitrate, 0.375% dextrine by addition of delonized water.

The lead azide is precipitated at a solution temperature of 1600F, using 60 parts lead
nitrate and 00 pakts aodium azide solutioa. The latter is added to the former in 23 minutes,
under agitation (no baffles are used in the precipitation vessel), the mixture coolad to room
temperature in 12 minutes, and allowed to settle 10 minutes. The mother liquor is decanted
and the remaining slurry washed before packing.

.)Origin:

First prepared in 1891 by T. Curtius (Bar 24, 3345-6) by adding lead acetate to a solution
of sodium or amonium azide. F. Hyronimu% (17ench Patent 384,792) should be credited with the
first attempt in 1907 to use lead azide with some r. ccess in the explosive Induatry. Its com-
merciul manufacture started in Europe before World War 1I and i- the United States since 1931
u military or commercial grade "dextr.nated" lead azide.

Destruction by Chemical Decompositioni

Lead azife can be decomposed by

(1) mi•dng with at least five times its weight of a 10$ solution of sodium hydroxide
and allowing the mixture to stand for 16 hours. Decant the supernatant solution of sodium
azids and drain into the soil.

(2) dissolving in a 10% solution of ammonium acetate and adding a 10% solution of
sodium or potessitim bichronate until no more lead chroaute is precipitated.

(3) wetting with 500 times its weight of water, slowly adding 12 times its weight
of 2r% sodium nitrite, stirring, and then adding 14 timn, its weight of 36% nitric or glacial
6cetic acid. A red color produced by the addition of ferric chloride solutiou indicates Lead
Azide is still present.
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AMCP 706-177 Lead Azide

(4) dissolving in 50 times its weight of 15% ceric ammonium nitrate. Tne' azide is
decomposed with the evolution of nitrogen.

References: 39

(a) Ph. Naoum, Z ges Schiess Sprengstoffv, 181, 229, 267 (27 June 1932).

(b) F. W. Brown, D. H. Kusler and F. C. Gibson, Sensitivity of E-losives to Initiation
by Electrostatic Discharges, U. S. Dept of Int, Bureau of Mines, RI 3b5•, I§46.

(c) C. Lenchitz, Ice Calorimeter Determination of Enthslpy and Specific Heat of Eleven
Organometallic Compounds, PATR #224, November 1955.

(d) Also see the following Picatizuy Arsenal Technical Reports on Leed Azide:

0 1 2

550 561 832 393 534 255 326 56T 628 609
580 861 852 1393 784 525 856 63T 708 719
60o 1451 882 1493 824 1325 866 657 748 749
76o i651 932 2093 944 1485 1316 707 788 769

1450 1132 2133 2164 1486 1737 838 849
1152 2Z04 1556 222T 1388 999
1352 1528 2179
1372 1838

2198

3 9Sae footnote 1, page 10.
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Lead 2,
4
-Dinitrorcsorcinate (r.DNl) AMCP 706-177

Comnpouitio: Molecular Weight: (PbC6 H2 N2 06 ) 405

C 17.8 0 xgnBalance:C 0 -% -32
H 0,5 CO..% -32

N 6.9 NO2  Co % -8

0 23T7 Pb
"11b 511 Density: gm/cc Cstal 3.2

Melting Point: 'C

C/H Ratio 0. 54 2 Freezing Point: "C

Impact Sensitivity, 2 Kg Wit sailing Point: 'C
Bureau oO Mines Apparatus, cm 1 k9 1t 30

Sample Wt 20 mg Refrective Index, nL-
Picatinny Arsenal Apparatus, in.

Sample Wt, mg 20 nri_

Frictla Pedualusa Tet: Vecuum Stability Test:

Steel Shoe cc/40 Hrs, at

Fiber Shoe 90*C

Rifle Bullet Impact Test: Trials 120"C (73 minutes) clodee

M mxplos)ons

Portia?, 150*C

Burned 200 Gram omb Send Teat:

Unaffected worpowder fuse 20

Explosein Temprture: 1C Sensitivity to Initietlen:
Seconds, 0. 1 (no cop used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 ]•'plodes 265 LeaQ Azide

10 Tetryl

15
20 aBllistic Mortar, % TNT:

Tramuzl Test, % TNT:

75'C Internatlonel Heat Test:
% Loss in 48 Hrs Platt Dent Test.

Method

100'C Heat Test: Condition

% Loss, 1st 48 l-Irs 0.20 Conrned

% Loss, 2nd 48 Hrs 0.02 Densit-y, gm/cc

Explosion in 100 Hrs None Brisonce, % TNT

Detonatlfon Rate:
Flammability Index: Confinement

Condition
Hylr-ncopklty: % .300C, 90% RH 0.73 Charge Diameter, in.

Density, gm/cc
Volatility: Rote, meters/second
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A]MCCP 706-177 read 2,-Dinitrorenorcinete (=R)

Fregmanloteti Teot: Skeped Cho"q Effectiveness, TNT 100:

90 nm NE. M71 Projectile, Lot WC-91: Glass Cont Steel Cones
Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Total No. of Fregmenht: Cele. Red or yellor
For TNT
For Subject HE PFencipal Usee: k-ectric detonators

3 lack HE, M42A1 Projectile, Let KC-S:

Dar~•ty, gm/cc

C)h41vg* Wt, lb

Totel No. of Freomeeot: Moth"d o Leeding: Pressed
For TNT
For Subject HE

LeadIng D",,y: gm/cc

Fregment Velecty: ft/mw
At 9 ft
At 251/1 ft Stw"ag:
Density, grTi/cc

Method "Wet

aleat (Relative to TNT): Hazard Class (Quantity-Distance) Class 9

Alt: Comnatibility Group
Peak Pressure

Impulse Exudatlon None

Energy

Air, Comflied: Initiating Efficiency: 0.o4 g LDNR does not
Impulse initiate tetryl pressed at 3000 psi.

Under Water: Heat of:
Peak Pressure Explosion, cal/gm 2TO
Impulse

Energy

Underround:
Peak Pressure
Impulse
Energy

188.
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Lead 2,4-Dinitroresorcinate (LD:?R) AMCP 706-177

PrepAration:

OH
0

OH +Pb(N0 3)2  0Fy 2N

N02 O 02

To a solution of 5 grams of purified dinitroresorain and 2.65 grams of anhydrous sodium

carbonate in 500 cc of boiling water is added slowly a solution of 10 grams of lead nitrate
dissolved in 60 cc of boiling water. The reaction mixture is constantly stirred during the
addition of the lead salt and for about an hour afterward while the solution is allowed to
cool to room temperature. The precipitate is filtered and washed thoroughly first with water
and then with alcohol and ether. It is dried in a steam oven.

Origin:

2,4-dinitroresorcin was described in the 1881 edition of Beilstein (Beil VII, 885). The
same compound was described in more detail by Weselsky, BenedIkt and Hibl in 1882 (M II, 323).
The lead salt of 2,4-dinltroresorcinol appears to have been prepared between World War I and
World War I1 by treating resorcinol with nitrous acid and oxidizing the resulting dinitroso.
resoroinol to dinitroresorcirol. Lead nitrate solution was then added to a solution of the
2,4-dinitroresoreinol to which sodium carbonate had been added to form the soluble sodium salt
(J. D. Hopper, PATR No. 480, March 1934). The LZNR exists in two forms differing in physical
characteristics but possessing similar explosive properties. These forms are red and orange
in color (K. S. Warren, PATR 1448, September 1944).

References: 40

(a) See the following Picatinny Arsenal Tecbhical Reports on Lead 2,4-Dinitroresorcinate:

o 4 8 2

48o 453 1004 1328 859
58O 1448 1079

40see footnote 1, Page 10.
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AMCP 706-177 Lead ls,6-Dinitroresorcinol. Basic (LDNR Basic)

Composition. Nolet Mr Weight: (Pb2CAHN 2O8 ) 646

0-P HOxygen Baane;4:
H 0.6 0 2N CO % -5

0 g.80 -Pb-OH Density: gm/cc

NO 2  Makting Point: *C 213

C/H Ratio 0. 17 Freezing Point, 'C

Im"Pact Sensitivity, 2 Kg Wt.,"igPon-1
Bureau 'nf Mines Apparatus, cm- I. k- Ut 60 Uii~Pit

Sample Wt 20 mg Raftective Index, no
Picatinny Avsonni Apparatus, in.

Sample Wt, mg 20

Friction Peadulinu Teest: Vocsssan Stability TeeO:
Steel Shoe cc/A0 Hrs, at
Fibs- Show 90*C

1001C
Rifle Bullet Impact Test: Trials 120*C

Explosion& 3*

Partila$ 150*c

Burned 200 Grdm Bomb Sen4Test:
U.-caffocted 1"FT~iowder f~use 15(

lissien Temperature: C Sopsitivity to Initiation.,
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminate
5 Explodes 295 Load Azide

10 Tatryl
15
20 Ballistic Matter, % TNT:

Trewxi Test, % TNT.,
?SIC lnawraetHe.al Heat Test: Pleft Dent Test:% Loss ir 3 Hrz eto

100*C Heat Teeo:Codtn
"% Loss, I1st 48 Hrs 0.4 Confined

"% Loss, 2nd 48 I-rs 0.0 Density, gm/cc

Exuplosion in 100 Hrs Nalle Brisance, % TNT

I leammebillty Index- Confinement
Conidition

Hygracipkit: %Charge Diameter, in.

Veledlit: j Density, gm/cc
Volatlity:Rate, meters/second
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Lear: 4,6-Dinitroresorcino2. Basic (LIR.m Basic) AMCP 706&177

Fragmentation Test: Shaped Chegep Effectiveness, TNT =100:

90 mm HE1, M71 Projectile, Lot WC-91- Glass Cones Steel Cones
Density, gm/cc Hole Volume
Chorge Wt, lb Hole Depth

Total No. of Feelimepts. Color: Red or yellov
For TNT

Fo ujc EPrincipal uses% Electric detonators

3 inch HE1, M42AI Projectile, Lot KC-3:
Density, gm/cc
Ct4rge Wt, lb

Total No. of Fragmensh: Moth" of Loedslag: Pressed
For TNT
For Subject HE_________________

______________ _____________________ Loedlng Density: gm/cc

Fragment Yelecity: ft/sec
At 9 ft
At 251/ ft storegot
Density, gm/cc

Method Wpt

Seit (Relative to TNT): Hazard Class (Quantity-Distance) class 9

Air: Compatibility Group
Peak Pressure
Impulse Exudation None

Energy____________________________

Air, Cenfixeds Ef'tiIciency: 0.4~ gm LUIR Basic
Impulse deS Ixt, iniiate tetry]. pressed at 3000

psi.

Under Waten:
Peak Pressure
Impulse
Energy

Undergreand:
Peak Pressure
Impulse
Energy
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AMCP 706-177 Lead 146-Dinitroresorninol Basic (LM Basic)

Preparation:

OH OH 0-Pb-OH

OH Fb(CH3 COO) 2  N -- -OH

NO2  NO2

(a) One hundred grams of pure resorcin is fused in a porcelain casserole and immediately
poured on a glass plate. After cooling, the cake is ground in a mortar to pass a U. S. Stan.
dard No. 6 mesh screen. Four hundred grams of 98 percent nitric acid in a one pint capacity
Dewar Jar is stirred mechanically while carbon dioxide snow .i added in smell pieces. When
the temperature falls to -40 0 C, 40 grams of the granulated resorcin is added in small quanti-
ties. Simultaneous addition of solid carbon dioxide as required prevents a rise of tempera.
ture of more than 5 degrees throughout the entire experiment. Five minutes after the last
portion of resorcin is introduced, the mixture in further cooled to minus 500CP and finally
drowned with vigorous stirring in five times its volume of cracked ice, in water. This mix-
ture is allowed to stand for cne hour and the product then filtered, washed, and partially
dried, weight 43.6 grams. The crude 4,6-IR is purified by first dissolving the product in
an aqueous 5 percent sodium hydroxide solution (17.14 grams of sodium hydroxide in 340 cc of
water), The resulting solution is then neutralized by gradually adding it to a boiling solu-
tion of 21.4 grams of 98 percent sulphurio acid in 150 cc of water. The resulting precipitate
of 4,6-=ni is filtered hot on a suction filter and air-dried. Yield, 27.5 grams (3_T.8 percent
of the theoretical).

(b) Five hundredths (0.05) mole (18.96 grams) of lead acetate is dissolved in 6T cc of
warm water, into which is gradually stirred 0.10 mole (14.0 grams) of sodium hydroxide dis-
solved in 67 cc of water. Stirring is continued for five minutes. After settling, the white
lead hydroxide is washed by decantation three times with 100 cc portions of distilled water,
and used immediately for the next operation.

(c) A 0.0278 mole (5.56 grams) quantity of the 4,6.WR prepared une (a) above, is dis-
persed 1; 270 cc of water by vigorously beating with a motr stirrer. After heating this
dispe i to 9000, the 0.05 mole of lead hydroxide prepared above in slurry form Is intro-
duced In small portions. Agitation is continued for three hours at 900 C. The basic lead
4,6-DNR is washed once by decantation, and again on the filter with alcohol. After drying
overnight in a desiccator charged with calcium chloride, the product weighs 15.6 grams.

Origin:

Both the 2,14- and 4 ,6-dinitroresorcin were described in sowe detail by Weselsky, Benedikt
and Hilbl in 1882 (M II, 323). Typk* prepared the 4,6-dinitroresorcin in 1883 by hydrolyzing
the nitration product of resorcin diacetate (Bar 16, 551). A more direct and economical
method of preparation suitable for production scaile manufacture was developed during World
War II by the British (Ministry of SuppIv Pouch Item W-154-21a, "Nnufscture of 4,6-Dinitro-resorcin and Lead 4,6-Dinitroresorclnsta"). This procedure consisted of preparing 4,6-
dinitroresoruinol by direct nitration of granulated resorcin and allowing the product in slurry
to react with an excess of lead hydroxide at 9000. This basic salt can be prepared in two
forms: (1) a micro-crystslline, yellow, low-den,'ty form and (2) a denser, brick-rea form.
Both products have the same chemical composition Lad the same sensitivity to impact (PATH
1448, September 1944).
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Lead Styphnate AMCP 706-177

Composition; Molecule, Waight. (PbC6H.YYO)0) 468% o
C 15.4 ,,Oxygen lelance:4C. % -19
H 0.6 0 2  CON% 2
N 9.0 PbH0%

0 30.8 0 2 DenSity: gm/cc Crystal 3.02
Pb 40*. 2

NO2  Metn"g Point: "C Explodes 260-310

C/H Ratio 0. 320 -- Freezing Point: "C

Impact Sensitivity, 2 Kg Wt: Soilng Polnt: *C
Bureau of Mines Apparatus, cm 17

Sample Wt 20 mg Refractive Index, no-
Picatinny Arsenal Apparatus, in. 3; (8 oz wt) 8

Sample Wt, mg 22 46

Friction Pendulum Test: Vacuum Sallty Tet:
Steel Shoe Detonates cc/AC0 Hrs at

Fiber Shoe Detonates 901C
1001C 0.4

Rlife Bullet Impact Test: Trials 120'C 0.3
%6 135*C

Explosions
Partials 150C

Burned 200 Gram slome Send Test:
Unaffected 24nd, 2

Exploslo. Tempesature: C Sensitivity to Initletion:
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulmlnato Tzrcw*
C Explodes 282 Lead A"ide Trace*

10 276
15 272 Z t al~¶m.sternative

20 26T Ballilstt Matter, % TNT:

._ __ _Tramvl Teoo, % TNT: (a)
75'C Internetlonel Heet Too:

% Loss in 48 Hrs Pk% Dent Test:
Method

10CC He Tet: Condition

% Loss, it 48 HM 0-38 Confined

% Loss, 2nd 48 Hrs 0.73 Density, gm/cc

"Explosion in 100 Hrs None Brisonce, % TNT
•- Deteeetlen Pete:

SFlammability Index: Confinement
Condition

Hygrosceplelty: % 250 C, 100% IU 0.05 Charge Diameter, In.
,300, 9 ,H 0.02 Density, gm/cr 2.9

Volatility: Rate, meters/second 5200
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AMCP 706-177 Lead Styhnate

Fregmentetion Test: Shaped Charle Effectivenees, TNT 100:

90 mm ME, M7I Projetele, Let WC.91: Gloss Cones Steel Cone•
Density, gnI/cc Hole Volume
Charge Wt, lb Hole Depth

Totel No. of Fragments: CeOW: Orange-reddish broun
For TNT

For Subject HE Frncipul Uses: igniting charge, and ingredient
3 Inch HE, M42A1 Projectile, Lot KC-$: of priming compositions

Density, gm/cc
Charge Wt, lb

Tetel No. of Fragments: Method of Loeding: Pressed
For TNT
For Subject HE

__ Loedial Density: gm/cc

Fregment Velecity: ft/se4
At 9 ft
At 25 /a ft itwose:
Density, gm/cc

Method Wet

Blest (Releaive to TNT): Hazard Closs (Quantity.Distance) Class 9

Air: Compatibility Group Group M (wet)
Peak Pressure
Impulse Exudation None

Energy

Air, Coa#47,4d: Activation Energy:

Impuise 
kcml/mo. 75-39

Under Wes: Induction Period, sec 0.5-10

Peak Pressure Specific Heat: cal/cm/_C (C)
Impulse
Energy

Undergrond: -50 0.1•,10 0.158Peak Pressure 25 o.164

Impulse 50 o.167

Energy

Heat of:

Combustion, cal/gm 1251
E'ploaion, cal/gm 457

Gas Volume, cc/gm 368
Formation, cal/gm -92

1.94
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Lead Stmhnate AKCP 706-177

Preparation:
OH 0

+pb(cHq3 C:O) 2  N NO

0 2N NO2 P(H3CO 2  0 2N NO 2

I O ---- - 0 PbH2 0 + 2CH3 C0.

NO2  NO2L _j

Dissolve 14.4 gm lead nitrate and 1 cc of 36% acetic acid in 320 cc distilled water. Dis-
solve 4 gm 2,4,6-trinizroresorcirol and ..73 gm sodium carbonate in 80 cc distilled water.
Add the lead acetate solution to the trinitroresorcinol solution, under agitation, keeping
the %emperaturc at 7T

0
-7T

0
C and continue stirring for ? hours at this temperature. Cool to

20
0

C in 5 hours. Evaporate the solution to 1/3 its volume, cool, filter and wash the product
well with water (to neutrality).

Sensitivity to Static Discharge, joules: (b) 0.0009

Wais in Weight at 105 0C:- %

3 hours 0.02
6 Iours 0,23
9 hours 0.23

Effect of Storage for 2 Months at 80 0C, on:

Explosion Temperature Test Value Nil
Sand Test Value Nil
Sensitivity to Initiation Nil

Solubility, gm/100 gm (%) in:

Glycol Diacetate

20-25 0.1

Origin:

First described in 1914 by von Hurtz and found to be a relatively poor initiator by Wall-
baum in comparison to other primary explosives. (Z gem Schiess Sprengstoffw 1, 126, 161, 197
(1939)). Moisak showed that lead styphnate could be used as an insulating (-over) material
for lead azide providing protectioli from mechanical and chemical influences and, at the pame
time, increasing the detonating ability of the total charge (Transactions of Butlerov Inst
Chem Tech Kasan (Russia) 2, 81-5 (1935).
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AMCP 706-177 Lead Styphnate

Destruction by Chemical Dec Wosi tion:

Lead styphnate is decomposed by dissolving it in at least 40 times its weight of 20• sodium
Ihydroxide or 100 times its weight of 20% ammonium acetate and adding a solution of sodium
dichromate, equal to half the weight of styphnate and 10 parts of water.

References: 4"

(a) Report AC-956/Org Ex 74.

(b) F. W. Brown, D. H. Kusler and F. C. Gibcon, Sensitivity of ixclosives to Initiation by
Electrostatic Discharges, U. S. Lept of Int, Bureau of Miines, 352, 196.t0t

(c) C. Lenchitz, Ice Calorimeter Determination of Enthalpy Pnd SpecIfic Heat of Eleven
Organometallic Compounds, PATR No. 2224, November 1955.

(e) Also see the following Picatinny Arsenal Technical Reports on Lead 3typhnate:

0 1 2 6 8 2

1450 11 1352 453 2164 1316 407 318 2179
2220 2032 2093 1737

20TT

4 1See footnote 1. page 10,

1k
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Mannitol Hexosnitrste (Nitromnn4,e AMCP 706-177

Copeiio;H ONO Moleculis, Wekilh: (cAHN 6018) 452

QNOCt( COxle %aan
C 15.9 Co 7.1

H .8 02fNOC'X Co % 28.3

N 1.6HCNO 2  Ukat.-.it: gm/cc 1.73

0 63.8 Molting POWn: 'C 112-113

C/H Re iO 0. 133 012ON02  Froeewat Point: *C

Imspact Seneitivi", 2 Kg Wt: "Not1m Point: *C Decomposes 150
Bureau of Mines Apparatus, cm 11

Samiple Wt 20 mg Rtefractive Index, nto
Picatinny Arsenal Apparatus, In. 4 .

Sample Wt, mg 11 a

Friction Penduums Tesm: 'Vacuu Stobllilty Teoo:
Steel Shoe Detonates cc/40 Hrs, at
Fiber Shoe Unaffected 90*C

1 001C
Rifle lullot impact Test: Trials 120*C

% ~135*C
Portials 11501C

Burned 200 Gee. Bomb Star! Towt:
Unaffected Sandl,gm 68.5

Expleellom Temperature- C 5eeei)Vth' to lu*1sitlete:
Seconds, 0.1 (no cap used) 160-170 (a) Minimum Detonating Charge. gm

1 232 (b) Mercury Fulminate --5 175 (c) LoW Aside 0.06
to Tetryl --

is

20 111111otlic Meslar, % TNT:

Traeall Test, % TNT: (a) 1T2
75*C limenotlenoi Heet TeW. Pit etTt% Lous In 48 Hrs 0.4 Mlethoden~

100*C Woet Test: Condition

% Loss, hst 48Hrs Confined

% Loss. 2n 48 Hrs -- Density, gm/cc

Explosion in 100 Hrs (Frothad) 48 hc~r Brizonce, % TNT

Detonation ROte: (d)
Fleammeblity Index: Confinement Yet

Condition Pressed
Nygvoeceplslty: % 3 00C, 90% rO{ 0.17 Charge Diameter, in, 0.5

Dens~ty, gm/cc 1.73
Volatility:Rate, meters/second 86

1.97

Downloaded from http://www.everyspec.com



AMCP 706-177 Mannitol Nexanitrote (Nitromennite)

FIe'we0i6ai Tew: mosep" Ckeqb e Iffeclve*es, TNT = 100:

90 mw ME. 1471 Prejectle., Lot WC-91: Glass Cones Steel Cones

Density, gm/cc Hole Volume

Chorge Wt, lb H4#e Depth

T*tl No. eo FremeeM*t: ¢4k

For TNT
.. • For Subject HE PFSeeijHe Uses: Secondary charge in detonators

3 loch ML. M42Al fr**je Lot~e KC4. ?ref i), and in blasting caps designed to
Density,4 Fm K.:be initiated by a fuse (ref J)
Density, gm/cc

Charge Wt, lb

Total Ne. of Frelmehte: Meth" of Le os: Pressed

For TNT
For Svbjict HE_

Ledl;a Deuelty: gm/cc

Vetgmeot Velocity: ft/sec
At 9 ft
At 25,/_. ft SteJee:

Density, gm/cc
MethodDr

lihet (Iu latove S TNT): Hazard Class (Quantity-Distance) Class 9

- bn Com"atiblllty Group

Peak Pressure

Irl•mlse Exudation None

Energy

A•,. Ceifldawl: 65.5
0C Kl Test:

Impulsenutes 6

Uo4,r Weter: Heat of: (e, f, g)
Peak Pressure

Impulta Combustion, caJ./gm 1515 1525

Ene•gv E'Vlosion, Cal/6M 1390 1454 1468 1520
Formition, .al/m 33. 7 345 366

Peak Pressure

Impuls*

Energy
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Mnnitol Nexanitrate (Nitremannite) AMCP 706.177

Solubili ty:

a. Insoluble In water.

b. Slightly soluble in cold alcohol (2.9 gmat 130C).

c. Slightly soluble in ether (4 gw at 90c).

d. Very soluble In hot alcohol.

Preparation: (Laboratory M1ethod) (k)

a. Cool to below 0°C, 50 gm of 98%-l00,6 nitric acid placed In a 300 milliliter Erlenmayer
Pyrex fla~sk provii.ed with a theivmomter and. imeraed In san ice-salt mixture.

b. Introduce in small portions, 10 gm of d-eannitol, while swirling the flask to break up
any lums of mannIte which might form. Keep the toerature below 00 C.

c. After solution is coplete, add 100 gm of ocentrated sulfuric acid from dropping
funnel, swirling the flask in an ice-salt mixture to keep the teperature below O0C.

d. Filter the resulting porridge-like slurry through a filter paper previously hardened
by treatment with mixed acid.

a. Rinse the precipitate directly on thq filter with water followet by dilute aqueous
sodium carbonate and finally with water. (The resulting crude manaitol hexanitrate gives
18.-2 N as determined by the nitrometer.)

f. Dissolve the crude meanItol hexanitrate In boiling alcohol ens filter through a water-
heated funnel.

g. Bring the filtrate to boiling and gradually add hot water until the appearance of the
first turbidity.

b. Cool in an ice-salt bath, separate and dry the crystals. (Yield should be about 23
gm of material, molting rt 112

0
-1131C and having 18.58% N, the nitr•gen being determined by

the nitrometer. Theoretical yield vould be 24.8 gm.)

Origin:

Mannitol hexanitratc was diacovere? An 184T by Ascanio Sobrero who racommended it as a sub-
stitute for mercury fulminate in percusaion caps (cow2 rend, 1847, 121). It is the hexanitric
ester of d4-mnnitol which is widely distributed in nture, particularly in the plant Fraxinua
ornus. N. Sokoloff, A Russian chemist, investigated the explosive properties of W4 and recom-
mended in 1878 a method of preparation. :annitol hexanitrate was thoroughly studied by Berthe-
lot, Sarran and Vieille, DWmonte, Menard, Strecker, !ichanovich (Ph. Naoum, Nitro cerin and
Nitroglycerin Lxplosivos, Baltimore, 1928, pp. 156, 247-250), and particularly by J. H. Wigner
T Ber L, 796 (1903)). -More recent data have been reviewed by Ouastalla and Bacciu ("Mode. n

* Eplosivea," Industria =hmica 8, 1093-1102 (1933)).

References:
4 2

(a) G. C. Hale, Abstract of Available Information on the rearation and Explosive Proper-
ties of Hexanitromannite, PA Special. Report No. 2, 30 July .192

42see footnote 1, page 10.
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AMCP 706-177 Mannito? Roxewitrate (Nitrow=mite)

(b) C. A. Taylor and W. H. Rlnkenbach, "Sensitivone~s of Detonating Compounds to Frictional

Impact, Impact, and Heat," J. Frank Inst 20, 369-T6 (192T).

(c) Ph. Naoum, Z ges Schless - Sprengstoffv (Munich), pp. 181, 229, 267 (27 June 1932).

(d) H. Kast, Z anjew Chem, _, 74 (1923).

(e) A. Schmidt, Z gee Schless - Sprengstof 2, 22, (1934).

LAndolt and Wrnstein, E l1=, p. 2914.

(f) A. MMarshall, Explosives, Their Manufacture, Properties, Tests, and Hiztory, Vol II,
London (1932) p. 39. M. Naoum, Nitroglycerin ;nd Nitroglycerin ExLplosives, Baltimore, (1928),
pp. 156, 24T-250.

(g) A. Schmidt, Z ges Schiess - SprengptofM 2, 262 (1934) G. Fleury, L. Brissand and
P. Lhoste, "Structure and Stability of Nitric Eaters," Comp rend 224, iO16-18 (1947).
W. R. Tomlinson, Jr., Fundamental Properties of High Explosives. 2Lrg samic Relations for
Use in the Estimation of Explosive Prorerties, PATH No. 16l5, 22 April 1947.

(h) SamrrAn and Viello, M4dm poudr 2, 161 (1884-0889).

(i) E. von Hurtz, U. S. Patent 1,878,652 (20 Saptember 1932).

()L. A. Burrows, U. S. Patent 2,h'2T,8 9 9 (23 September 1947).

(k) B. T. Fedoroff, Handbook of Explosives and Related Items, Picatinny Arsenal (unpub-
lished).

(1) 0. E. "Sheffield, Literature Survey on Mannitol Hexanitrate, PA Chemical Research L*N,-
ratory Report No. 52-Mi-1b, 23 January 1952,

((m) Also see the following Picatinny Arsenal Technical Reports on Me~altol Hexanitrate:

4 6

13152 24 8r) 6
64

2(k)
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Mercury Fulminste AMCP 706-177

% Mte.,4•tll Mecvlk, Welht: (HC2N202 ) 285

C 8.4 0-N C Oxygen leleuce:8.C o 0 ¢•% -17

N 9 .8 H " ' C O % - .5

0 11.2 N 0 -N -C Desity: gm/cc Cryst-1 4.43

Hg 70.6 MeIN02 Point: IC Decomoees

C/H Ratio Freesltg Point: C

Impeat Sensitivity, 2 Ki Wt: IIoiing Point: "C
Bureau of Min.e Apparatus, cm 5; (1 kg wt) 35
Sample Wt 20 mg Refractive Index, no.

Picatinny Arsenal Apparatus, in, 2; (1 lb wt) 4
Sample Wt, mg 30 n.l

n

Friction Pendulum Teot: Vacuum Stebilky . Tod:

Steel Shoe Explodes cc/40 Hrs, at

Fi%'*r Shoe Explodew s0"c

Rifle Bullet Impact Teai: Trials 10 E'C

E n% 1351C S1501C

Burned 200 Grem lemb Send Test:

Unaffected ornd %n~

Expllesn Temperture: C SesL t tOe Initle23m.

Seconds, 0. (no cap used) 263 Minimum Detonating Charge, gm

1 239 Mercury Fulminate -

5 Explodes 210Ase
10 199 TetAyl '

15 194 ey

20 190 leakiMe• Neter, % TNT:

MmTpuel Test. % TNT: (a) 51
75"C IntsnmetlonuI Heet Tes:

% Lo In A8 Hrs 0.18 Flts Dent Tet:

Method

100'C Heat Test: =P1loded in 16 hours Condition

% Loss, lit 48 Hrs Confined

% Loss, 2nd 48 Hrs Density, gm/cc

Explosion in 100 Hrs Brisonce, % TNT

SFlammability Indexi Cowew Rie"..m
Detoestlee Rote:

Fhmneblhy Inex:Conflnen~snt

. Condition Pressed
Nyllmetcolclly: % 3%0°C, 90% m 0.02 Charge Diameter, in.

a Density, gn/cc 2 C, 3.0 4.0
VeletlMty: Rate, meters/second 3500 4250 5000

201
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AMCP 706-177 Mercury Fulinate

Frgmentatiol Test: T•eped Cherlle Efftctiveees, TNT = 100:

90 wim Hi, M71 Projectile, Let WC.91: Gloss Cones Steel Cones
Dcnsity, gm/cc Hole Volume
Charge WI, lb Haol Depth

TowI Nt. of Fragments: Ca: White to gray
For TNTS~For Subject HE •SPrincipel 

Usee: Detonators and ingredient of
3 ioch HE, M42A1 Projectile, Lot KC-5: priming compositions

Density, gm/cc

__•l Ne, of Fresmebs: Metkod ef Loeding: pei x i0J

For TNT 3 5 10 12 15 20

For Subivo HE 3~.00 1-2 1. 60 3. 70 -1.82 4.o
_L _oading Oensity: grnm/f

FtMeg*1t Vs.*'sit: It/sac
At 9 tt
At 251/., it slow"!.
Den sti y, grn/QcSMethod Wet

Ilelat (bh•tlve ev TNT): Hoaurd Class (Quantlty-D•Isan•ce) Class 9

Ai. Compatibli/y Group Group M (IM,
Peak Pressure

Impulse Exudation -Iona
Eneigy

Stab SO:n.itivit•
Alt, Confined: Density Piring Point (Inch-ounceo)

Impulse M./C. 2 2_ 1 10-02k
r3.91 3.2 4. 5.5Under Water. 4.26 1.6 2.6

Peak Pressure 4.32 1.6 P.6
Impulse 4.50o 1.• 2,5 4.0
Energy Activation EnBirF.:

kcal/mol 29.81
Underground: Induction Period, sec 0.5-10

Peak Pressure Heat of:
Combustion, c,/gm

plEnergy Explosion, Cal/gi

Gee Volume, cc/gM 243
Formation, cal/gm

Specific Heat: cal!gm/OC 1.1

Thermal Conductivity':
ca'./lec/cm/0 c I x 10"4
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Mercu.. Pulminate AMCP 7C,-177

Initiating Efficiency; Grams Required to Give Complete Initiation of:

Piuandate, gm

TIT 0.20
Tetryl 0.20
RIX 0.19
PFE 0.17

Comp~atibility with Meta~le:

D: Reacts rapidly with aluminum and manesium. Reacts slowly with copper, zinc, brass
andironze. Iron and steel are not affected

Wet: Reacts imnediately with. aluvinum &nd magnesium. Reactt rapidly with copper, zinc,
bra-s and broaze. Iron and steel are not afZected.

SensitivitZ to Static Dipcharge, Joules: (b) 0.025

'The Effect of Storage at 50 0C (]ry) on the Purity of Mercury IVuminste

Months Recrytallized Lote Wnrstlied Lots
Storage M 2-A?55cF7t!11553/1

0 99.75 99.77 99.79 99.79 98.86

6 99.38 99ý45 99.54 99.47 95.95 98.7
8 97.4

10 94.9
12 98.74 99.56 97.49 99.06 go.65
13 98•26 98.79
14 984~2
15 97.52 99.30 99.30 98.19 83.76
16 97.00 99.01 97,.75
17 95.70 98.66 96.69
18 94.81 98.58 98.46 95i.90 79.99
23 74.52
26 63.80

(.hemiasty:

Mercuric fulminate readily decomposes it the presar.:e of aqueous solutions, chlorides, car-
)onate and many other materials. IUe to the presence of small amounts of mercury, formed by
exposure to light or elevated temperatures, it readily forms am'gams with topper, bras- and
bronze, tha coWmponrento containing these mvtals must be protectively coated if used with ful-
minate.

.,ab.1ItGr .o. of Mercury Fulminate In 100 Gram of Water (%):

OC

12 0.07
49 0.18

I , Q,

ý'w ZE•" P'"RN- NO

' / /' '• .. N ' ' " /" " " -

,• ., ,. ,, :• ... .•--, .

Downloaded from http://www.everyspec.com



AMCP 706-177 Mercar' Fulrdnate

,•] Pepar-ation:

•emietr �of Powder and Ehrplosivea, DcV1*)

C11 CH -011 -4 Clf;-CHO-.4 CH O•(~-H

so- N -OH

NO NO

0 ~ - CH 1 - H OS 4 I-COOH

H aOH NH -OH

11g(ONC) 2

Fi'e gw mercu=7 is dissolved in 25 cc of nitric acid (sp gr 1.42) without agitation, and
this, solution poured into 50 cc of 90% ethyl alcohol, resulting in a vigoroua reaction,
attended by evolution of white ftUmes and aubaequent appearance of fulminate cryatala. Red
:ames then appear as precipitation of the product accelerates, and then white fumes again are
evolved Le the reaction moderates. After about 20 minutes the reaction Is over; water is
s4dod, and t0e crystals are repeatedly washed, by denAntation, with water to remove all acidi-
"ty. The product Is purified, rendered white, by solution in strong amonium hydroxide, fol-
loved by reprecipi 4tion with 30% acetic acid.

Origin:

Mercury fulainate was first prepored by John K. von Lowenstern (1630-1703) and in 1800 its
preparation and properties were first described in detail by Edward Howard in a paper presented
to the Roysl Society of London (Phil Trans, 204 (1800). It was 1867 before the compound wa
uaed as an initiating agent, wheiTa--_;d-obel invented the blating cap and used mercury ful-
minmate to detonata nitroglycerin (Aritiah Patent 1345 (186T)).

Destruction by Chemical Decomposition:

Mercury fulminate is decomposed by adding It, while stirring, to at least 10 times its
weight of 20% sodium thioculfate. Some poibonouL cyanogen gas my be evolved.

References: 
4 3

(a) Ph. Naoum - z ges Schiese-SprergatoMf (Munich), pp. 181, 229, 267 (27 June 193).

(b) F. W. Brown, D. H. Kasler, and F. C. Gibson, Sensitivity of Exploaivea to InititttL.n by
ElectroxtAtic Discharges, U, S. Dept of Int, Puresu,of Minea, RI 3052, 190w.ei""

43See footnote 1, page 10.
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Mercury Fulminate AMCP 706-177

(c) Also see the folloving Picatinny Arsenal Technical Reports on Mercury Yulminate:

0 1. 2

250 301 132 23 144 65 266 277 25 199
480 381 452 203 294 105 366 297 78 609
510 561 522 393 534 255 556 407 278 749
550 1651 582 433 624 285 566 537 318 849
610 782 833 694 365 866 567 788 999
680 882 1183 784 415 986 637 1838 1079
760 932 1393 874 425 1316 857 1389

1220 1192 2093 1104 1325 1486 173T 2179
1450 1352 1365 1556

1372 2146
1722
2032
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AMCP 706-177 Zletriol Trinitrete (MIN) Liquid (or Tiimethylo ethane Trinitrate)

Composition. MAlecuir Weight. (C5 qg) 255

C 23.5 0 N0--CHi Oxygen Blanece:
2 2COIJ % -35

X 3-5 0 NO - CH - C- CH C %

N 16.6 2 3DeesIty gm/cc Liquid .47

0 56.4 02N C2 mallwag Point: C -
C/H Ratio 0. 150 Frow~ns Point. 1C

!mpost Seoistivity, 2 Kg Wt: @In on:'
Bureau of Mines Apparatus, cm 4T; (I lb vt) 4 5PntC

Sample Wt 20 mg Refractive enden, n.0
Picotinny Arsenal Apparatus, In. n 0-45

Sample Wtmg 2075

Friction Pendulum Test. Vacuum Steh6uo Test
Steel Shoe Explodes cc/40 His, at
Fiber Shoe 901C

Kifi6 Bulke* Imp"*t Test: Trials 0* /g 1.

ExploiI %135*C

partials SI

Burned 200 Coemm Bomb Send Teot.
Unaffected Sand, gm 43.7

Exple~Ion Temperetiure: Seiseltivity to Initiation:
Second%, 0. 1 (no cap used) Minimum Detonating Charge, gm

I Mercury Fulminate
5 Ignites 235 Load Aside
10 Tatryi
1b

20 WeleIWI Meeter, % TI4T: (a) 136

Treuzi Teat, % TNT: (b~) 14i0
75'C internatlional H~eet Tetowen et

% Loss In 48 His MoethDoeT :

1100, NoeT*W-Condition

% Lous,lIst48 Hrs 2.5 Confined
% Lous, 2nd 48 Hrs 1.8 Density, gm/cc

Explosion in 100 His Not:. Brisance, % TNT

Flummeblilty Iadax Confinemewnt

Condition
HYgAroscapicity: % 300CO 90% FIN 0.07' Charge Diameter, In.

I- -g= Density,, gm/ccVeletility: 60C h 24 1 Rate, meters/second
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Metriol frlnitrate (,M) Liquid AXCP 706-177

Fregmatation Teoo: Ske'A Clsgll ffedfivem TNT = 100:

90 er HE. M71 Projectile, Lot WC.91: (aos Cones Steel Cone

Density, gm/cc Hoae Volurn

Charge Wt, lb Hole Depth

ToWel Ne. of Freanenft: : *l1htlY turbid
For TNT

For Subject HE
PrINeel~l Uwe: Ingredient of rocket and

3 lac*. HE. M42AI Projecile, Let KC-5: double base propellants

Density, gm/cr

Charge W",

Tetel No. of Fre ohe.n: I Mabed d
For TNT
For Subject HE

"'eINe Demelly: Vm/cc:

Fregmeet Velocity: ft/sec
At 9 ft
At 251/1t SftrnO

Density, gm/cc
Method Liquid

Mies (Reletive te TNT): Hazard Class (Quantity.Oistance)

Air: Compatibility Grow
Peakl Pressure

Impulse Exudotion

Energy

Air, Comfived: Solubility In Water,

Impulse 0w/100 gm, at:

25 0 C 40.015Under water. 600C O.0,

Peak Pressuri" <O0015

Impulse Heat of:

Energy-
Combustioin, Cal/as 2642

Peak reisre Hdrolysis, % Acid:Peak Pressure

Impulse 10 days at 220C 0.018

Energy 5 days at 600c 0.115

M0 a

.. ,_... ...
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AMCP 706177 ~Metriol Trinitrate (MTN) Liquid

Pregaration:

Metriol (trimethylolme hylmethane) is obtained by the following procedure, based on work
by Hosaeus (Annalen ., 16 '1893):

Into a 5 liter round bottom flask is weighed 2700 gma of water. To this are added 26T gms
of 36% formaldehyde and 60 gms of propionaldehyde. The mixture is stirred for a few seconds.
To the mixture is added 150 gie of calcium oxide previously slaked with 600 gma of water.
The mixture is heated in boiling water for four hours, and then a'lowed to cool spontaneously
overnight. After filtering off the insoluble calcium hydroxide, the solution is heated and
treated with a saturated aqueous solution of oxalic acid to precipitate all the calcium. The
precipitated calcium oxalate is filtered off, and the pale-yellow filtrate concentrated as
much as possible on the steam bath to a thick lemon-yellow syrup. After dissolving !n abso-
lute alcohol, the solution is filtered and concentrated in the steam bath to about twice the
volume of the concentrated syrup. The solution is then chilled in a cold box to hasten cry-
stallization. After allowing it to warm up to just above 0°C, the mi•xt•urw lo filtered. The
resulting product is not aufficiently pure and is recrystallized from absolutt elcohol. The
melting point of the product 9i• gm) is then about 1960 C (Hoeseus given 199 0C).

Metriol is nitrated by cLrefclly mixing it with 3.5 parto of 65/35 KN0/FPSO4 maintained
at 200C, stirTing for 30 minutes, cooling to 50 C, and pot, tng the reactioý mIxture on ice, It
is extracted with ether, vater-washed, and adjusted to pH 7 by shaking with a sodium bicar-
bonate solution and again water-wshed three times, It is then dried with calcium chloride,
filtered, and freed of ether by bubbling with dry air until minim•al rate of loss in weight is
attained. The yield is 88% of the theoretical. The product has a nitrate-nitrogen content
of 16.35% (celculated: 16.4T%). Its refractive index at 250 C is 1.4752.

Origin:

MTX, according to Italian sources, was first prepared and patented by Bombrini-Parodi-
Delfino Company of Italy under the name "mstriolo," A German Patent of 1927 also describes
the preparation and gives some properties. This compound was known in France before World
War II under the name of "Nitrupentaglycerin" and Burlot and Thomas determined its heat of
combustion (Ref b).

References: 44

(a) A. H. Blatt, Compilation of Data on Organic Explosives, OSRD Report No. 2014,
29 February 1 944 .

(b) E. Burlot and M. Thomas, Mew poudr 22, 262 (1939).

(u) Also see the following Picationy Arsenal Technical Reports on Metriol Trinitrate:
1616 and 1817.

"44Se footnote 1, pge 10.
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Mlnol-2 AMCP 706-177

Compsiton:Moleculur Weight: 71

Oxygen scelnce:
Awmonium Nitrate 40 CO2 % -38

CO % -20
TNT 40

Aufu20Density: gm/cc 1.62-1-68
Aluuzni 20Malting Point: *c

C/H Ratio Pressing Point 'C

Impact Seniltivity, 2 Kg Wtt "oling Point: IC
Bureau of Mines Apparotus, cm 35

Sample Wt 20 mg Refreeth.. Index, n.
Picotinny Arsenal Apparatus, in, 13 CO

Sample Wt, mg 17 ni,
4

Frictien Pendulum Tedt: -Vacuum Stability Teoo:
Steel Shoe cc/40 Mns, at
Fiber Shoe 90.C

Rifle Eullet Impact Test. Trials 1001C2.

Explosions13'

Partiols ISM______________________

Burned 200 Gra, Bomb Send Tedt:
Unaffactedc Sand, gmn

-, Expieelea Temnperature: C . Sensitivity to Initietiens
Second~s, 0. 1 (no cop used) Minivi'uni Detonating Charge, gm

1 Mercury Fulminate
5 Ignites. 435 Loead Azide

10 Tetryl
i5

20 $wlk leto Neter, % TNT: (a) 14&3
Treuam Teot, %a TNT: (b) 165

W5C International Heo" Teot-~t a~ et a
% Lous in 48 Hrz lt atTo C

Method B

1001C Hoet Test: Condition ?roused

"% Loss, lI t 48 Mrs Conf ined NO

"% Loss, 1W, 48 Hrs Density, gm/cc 1.73
Explosions ins 100 Mrs Orisauic, % TNT 66

Flammaebility Index:. 100 Confinaev No(4)

Condition Cast
Hgocpct:%Charge Diameter, In. 1.6

Densty, gm/cc 1.68
Rote, mutters/second 5820

209
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AILCP 706-177 Mro-

Soeete, Sexumil~t Test: (e) Decampookwoo 94~400HO:
Condliticin Preseod Oxyg~n, atoms/we

Tetryl, gm 100 (Z/We)
Hesat, k~localorie/mole

Wax, in. for 50% Detonation 1.46 (SH, kcal/mol)
Wax, gm Temperature Range, 'C

Density, gm/cc 1.74 Phaose

NtM i~sll n clgm: An~. Plote Impact Test:()

Explouion, cal/gmn1206 mm Mortar P'rej.Nle:
Gas Volume, cc/gm 50% Inert, Velocity, ft/sec 828

Formation, cal/gm Aluminum Finenass
Fusion, cat/gm

2________________ 500-lb Geiierat Purpsee Ilombe:

* Specific Hoot. col/gm/'C
At-0C 0.0 Plotc Thickness, Inchts

Density, gm/cc 1.T41

I :t4

INFRIPS ROte:
cm/sec

lomb Drop Test:

Thensoul Ceaductivlty: (b) 4 7 Q l m-msPrl#Bm sCmiscol/w/cm/ctC 16.5 X ioT,20-b e0AmePkta obvsGeeoe
*Denisity gr,/cc 1.T4

C~eflel~t f Exonsee:Max Safe Drop, ft
Linear, %/*C 500-lb Geaeroll Purpet lSab vs Ceosreta:

Volume, %/'C -ghf

4 ___________________________- Trials
Horaveiss, Makes Scale: Unaffected

(b) Low Ord.ir

E', dYrts/cni" 5.03 x 10 0Hg re

E, lb/Inch" 0.73 X 0 1000-flb Grammel upw~ees 100b vs Ceametos:
Density, gm/cc 1.66

camposalveStrnoth- 1/inch"(b)Height, ft
C~r~ol. tea~b:It/ich () 1910-2070 Trials

*Density, gml/cc 1-68 Unaffected

Vapor Paressre Low Order
'Cmm Mercury High Order

/ *,~ 210)
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Mino*-2 AMCP 70.177

leme e Tet,, Shaped Cha•rge ¢ e* Iffho'ee TNT = 10.

90am H14 M71 PrFejhk, Lot WC.91t Glass Cones Steel Cones
Density, gm/cc Hole Volume
Charge Wt, lb Hol Depth

Tetel No. of FrgtI ep Caller Gray
For TNT
For Subject HE

prinipl Uee: Bombs and depth charges
3 Wish HI. M42A1 Projtlle, Lot KC-5:

Den•tly, gm/cc

Charge Wt, lb

Te 4lNe of Fregmmeste Mehdo eda.Cs
For TNT

For Subject HE

"WIN 0e,,aty gm/cc 1.62.-1.68

F"10e0 Veleal: ft/sec
At 9 ft
At 25V, t Sfete:
Density, gm/cc

meth~od k

iest (Reat a to TNT): Hazard Class (Quantilty-DIstance) Class S

Ak'. Compatibility Group Group I
Peak Pressure 115
Impulse 116 Exudatlon

Energy 133

Air, Cooflned: Preparation-
Impulse 9Minol is a castable mixture consiating of

4IO percent NT, I4O pvrcent ammonium nitrate,
Uudev Weten: and 20 pe~c~t powdered aluminiu and there-

Peak Pressure 108 fore can be prepared by add~inr the dr in.
Impulse 126 gredients to volten UT at 90 C under agita-

tion.. Rtinol ilso can be prepared by addingSEnergy 1.0 25 paris of aluminum to 100 parts of 50/50
amatol prev4ousl4y prepared.

Peak Pressure 134
Impulse 139
Energy 117

211
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r -

AMCP 706-177 Minol-2

Minole are British ter•ary explosives developed during World War 11. There are three for.
mulationa:

Composition, •Minol-l Minol-2 M ..i

TNT 40 40 42
Amwouium Nitrate 42 40 38
Aluminum 10 20 20

References: 45

(a) L. C. Smith and E. 0. Eystor, Physical Testing of Ex'ouave., Part III - Mciaellatitous
Sensitivity Tests; Performance Tests, OWR Report No. 5746, December 1945.

(b) Philip C. Keenan end Dorothy Pipes, Table of Military High Explosives, Second Revision,

NAVo~b Report No. 87-46, 26 JuiY 1946.

(c) D. P: Mca1ougall, Methods of Physical Testirg, OSED Report No. 803, 11 August 1942.

(d) G. H. Messerly, The Atte of Detonation of Various LEplosive Compoude, OSD Reort No.
1219, 22 February 1943. mons SDRpr o

M. D. Hurvitz, The Rate of Detonation of Various Compounds and Hixturce, OSRD Report
No. 5611, 15 January 1946.

(e) L. C. Smith and S. It. Walton, A Consideration of RDX/Wax Mixtures an a Substitute for
Tetryl In Boosters, NOL Memo 10,303, 15 June 19Ig.

(f) Coittie of Div 2 aud 8, bWCp, Report on HBX and Tritonalp OURD No. 5406, 31 July 1945.

(g) W. R. Tomlin.re, Jr., Blast Effects of Bomb Explosives, PA Technical Div Lecture,
9 April 1,48.

(h) Also see the following Picatnny Arsenal Technical Reports on Mtnol-2: 1585 end 1635.

//

4 5s22 footnote 1, pe 1Q.
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HOX-1 AMCP 706177

"" f: -, Weights 4o.6

Oxidizirnk agent (A.conius onyg4a hele0"s
P/ ahlorate) 35.0 CO, % .4

Aluminum, atomized 26.2 CO % -3T
Cupric Oxide ....
P4gnesium, atomzed 26.2 Dwooft: gm/cc Proced 2.0
Other Igr,•dient (Te-tr1) 9.T
Calcium Stearate 1.9 Mal•ag Pe01t1 OC
Graphite, artificial 1.0

C/H Ratio i'eealg Pelnt: 'C

lope*t sewesivlty, 2 Ki Wt: IeI409 PelWt: 4
Oureau of Mines Apporatus, cm .

Sample Wt 20 mg Refractive leex, no
Picatinny Ar1enal Apparatus, In. 13

Semple Wto mg 22

FPricti Pesdukim Te Vocuum Stebility Toet:
Sk.l Shoe Detonaten cc/40 Hrs, at

* Fiber Shoe Unaffected 90C ..100"C O.AT

54111,116 lvlet ih 0t Testi Trials 1201C

Exlsit % 135*C
pal'ialI 1501C

Burned 200 Grant 8mb $60d Teatt
Unaffected Sand, gm 10.6

, plkllen Temperetu.e: C Stliltity te Iml0le"en
Seconds, 0. 1 (no cap used) --- inimum Detorting Charge, gm

1 --- Mercury Fulminate
5 285 Lead Azide 0.20

10 Tetryl 0.25
15
20 laldle Mader, % TNT:

Tragal Test, V. TNT:
73'C Inutemeteiel Neet Test:

% Loss in 48 Hrs P D~t Ta
Discoloration, fumes, odor None Method

100'C Mot To. Condition

% Loss, I i 48 Hrs 0.10 Confined
L ou, 2nd 48 Hrs C.O1 Density, gm/cc

Explosion in 100 Hrs None OrlIsone, % TNT

00160sweae Rae.
flemme tloy hax Cf Inern

Nyimeceict: % Charge Diameter, in.

Density, gm/cc
Rate, meters/seondo

213
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AMCP 706-17? O-

Uregs 9& 1@61a Teoo: Shop"d Ci..rto Iffoqtivenees TNT 100t

90.. ME. Ditl Peejufile. Lol WC-91: Glos Cones Steel Con"s
Density, gm/cc Hole Volume
Charge Wt, lb Hole Depth

TOWe No. of FImeusaw colon Gray powder mixtuxe
For TNT
For Subject HE AI *3 Smlcaieansrnf

3 lash HE. M4A1 VI eet.Laet KC-53 projecti les

Defsiity, gm/cc
Ch.arq* Wt, lb

F~or INT
For Subject HE!

At 9 ft

Iha0 (ReIetor I TNT): Hazard Clans (Quantlty-Dlstonice) Class 9

Alsi Compatibililty Group Group I
Peak Prmr Bureau of Explosives Classification Class A

Impulse Exudationl

Energy______________________________

Heat of:
Ati, Ceaflamed:

Iumpulse Comubustion, cal/gm W087
Explosion, cal/gm 2087

U~e wewl Geea volume, co/gm1 212
Peak Pressure PromneTss
Impulse 20 muT21.5EI Projectile:

1U'0C Pressure Cube 35
admeA APO Bleat Cube 140

Peak Pressur
impulse Activation Energy:

Energy keel/mol 12.5
Tamp, CC 300 to 380
Time to Ignition, e'oconds .7T x 2.0"

2-14
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• /

MOX-213 ARCP 706-177

C.m~e mgo: -Ile'le, Weight: 42

Oxidizing agent (aoonium Oxygen leldene.
Perchlorate) 35.0 CO% % .49

Aluminum, atomized 52.14 CO % -43
Cupric Oxide ....
Magnesium, atomized .... Defy: gm/cc Praesed 2.0
Other Ingredients* 9.T
Calcium Steerste 1.9 MeImol Podit: *C
Graphite, artificial 1.0

.*5.8% REX and 3.9% TNT coated paA~gU Fr~eiula Point: 'C

loped Someltviy, 2 Kg Wt: Swung Po;ot: 'C
Burau of Mines Apparatus, cm --

Sample Wt 20 mg £kmciive htea, no
Picatinny Ausenal Apparatus, In. 12

Sample Wt, vV 24 no

Frlicioe Poedelem Teom: Vsc Stebility Tedt:

Steel Shae Unaffected cc/4O He$, at

Fiber Shoe Unaffected 901C

.100C 0.21
ROSie Dullte Impect Tes: Trials 120"C

SExplosions t1354C

Portials 1501C

Burned 200 Gram Bomb $**A T.e:

Unaffected Sand, gm 11.5

,xpleke TempeoNeft: C e8u84vitiy to Imit~tieoa:
Seconds, 0, 1 (no cap used) --- Minimum Detonating Churge, gm

1 ... Mercury Fulminate ----

5 375 Load Azxido G20
10 Teotyl 0.2015

20 flli6c Mo4ter, % TNT:

Tnaevl Toe, % TNT:S.75C lntemetleeel Hoot Teat:

% Loss in 48 His P6#4 Nt Tetl
Discoloration, fumes, odor None Met)hd

1001C Hoet Tew Condition

% Loss, lit 48 HMn 0.2- Confined

% Los, 2nd 48 HMs 0.12 Dansity, gM/cc

Explosion in 100 Hrs None Bris•nce, % INT

Detonatin Rote:
Flemasebility Index: Confinement

Condition
HMiyoscoieuity: % Chargv. Oiameter, in.

Density, gm/cc

V.eIt Rote, meters/second

215
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AMCP 706-177 MOX-23

Frolmoeatlte Ted: Swp.i Clqea. EIlfeiveoe TNT = 100:, /
90mm NI, M71 Frojectile. Lt WC-91: ,.Glos Cones Steel Cone

Density, gm/cc Hole Volume
Charge Wt, lb Hole Depth.,

Teed No. of Fregmeafe: J. "rey

For TNT
For, Subject HE FuSbeHIac Us: HE filler for small caliber

3 lach HIL M42A1 PFmjectle, Lot KC-$: projectiles

oDnsity, gm/cc
Charge Wt, lb

Tel "o.ef Frall t Method ef Le"l: Pressed
For TNT
For Subject HE __________________/_____ 0_•_"_

___________________________ _ Leadiag Density: gm/cc 2.0

ew ee Volel"y: ft/soc A

"At 9 ft
At 25½f sfev. i
Dansity, gm/cc

Method D

Illa (sl • tjoy , TNTh): Hazard Class (Quantlty.Distonce) Cllas 9

AJ" Uare Ch•rge: Rw E•V Compatibllty Group GCeoup
Peak Preae M.0"-2 M.•34 Bureau of Explosives Cls A
Impulse 1.08 1.41 E xudation None

Energy
Density, gm/cc 1.96 Heat of:

Alf, CeaNOsfod
Impulse Combustion, cal/gm 4484

Explosion, cal/gm 1472
Cased Cr in Air:** Gee volume, cc/gm 221

Pock Pwdm 1.09 1.44

Impulse 1.6 1.53 Performance Teats:

Energy .... ... 20 mm ,T1Projectile:
Density, gm/cc 1.98 NOC Pressure Cube 29

Uad404goUad: APO Blast Cube 30
Peak Premure
Impulse Aviation Energy:

Energy kcal/mol T.6
*EW, .quivelent veight as compared to TNT; Tempp °C 340 to 470_

EV, equivalent volume as compared to TT. Time to ignition, seconds 1.39 x 10"

**Strong peper-base phenolic case.

216
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I4X-2B AhZCP 706-177

Effect of Altitude, Charge Diameter and Degree of Confinement oii Detonation Velocity*
(Reference g)

One-Inch Column Two-Inch Column
Simulated Altitude, 7 Confined ~Unconfined Confined UnconFintX

*Iee t M/4 M/s *7

Grounid 4T~30 j

30,000 Charge wouald not 14530011 Charge wouldl
- not props-

60,000 00propagate detonation. g30 .ate .detotn-"

90,000 ¶ 4290

Average 4495.""

*Confined charge in 1/.•" steel tube, AISI 1015 seamleas, 1" diameter 18" long, and
2" diameter 7" long. All means were determined from sets of five values unless
otherwise indicated by (). A 26 gm testyl booster wva uwed to initiate each clurge.

AeaeFmg~ment Velocity at Various Altitudeav (

Simulated Altitud, Fet .
Explosive Charge Diameter, Ground 20&j P1, -_ I

L nches m/s ' / MIS~ iW'17

MX2,12012 ** **
density,
gm/cc 207 2 3314 3351 324T7 **

*Outside diameter 2.54"; inside diometer 20o4", length 7".

+*Churge would not propagate detonation.

217

Downloaded from http://www.everyspec.com



AXCP 706-177 MOX-3B

Composition: meilocale. Weight; 4.

O~dizing agent (Potassium Nitr~ate) 18 Oxygos Slenese:
Aluminum, atomized 50 Co. % -52
Cupric Oxide C%3
Magnesium, atomized -- __________%_____-43______

Other ingred~ients* 32 Density: gm/cc Pressed 2.0
Calcium Stearate*- 2.0
Graphite, artificial*-* 1.0 Makting Pao#n: 1C
*29.1% RflX, 0.9% wax, and 2.0% TNT.

**Per cent added. Pressing Point: 'C

* Impact Se"seltirity. 2 Kg Wt, 1-U411110 Polat: *C
Bureau of Mines Apparatus, cm

Sample Wt 20 mg Refrective Index, no

Picatinny Arsenal Apparatus, in. 17 n
Sumple Wt, mg 24~ a i

Fricton Padi, lm Too
Fricies esA am Tst;Veuum Stability Test:

*Steel Shot Unaffoated cc/4O I-rs, at

1001C 0.57
Rifle lullet Imawpct Test: Trials 1 20*C

Explosons %135*C

P~artial 1501C

Burned 200 Gnse lamb Send Teoo:
Unaffected Sond, gm 33.2

Explosion Temperatuare: CSensitivity to Inhsitletlo
Seconds, 0. 1 (no cap used) --- Minimum Detonating Charge, gm

I - Mercury Fulminate -

554ooa ~Asie 0.20
10 Totryl 0.15

20 bellastl Matter, % TNT- - A

- - ,73'C International Hest Tests AruiTs,%TT
% Loss In 48 Hrs Plato Dest Test:
Discoloration, fumes, odor None Method..-

100*C Heat Test: Condition .

% Loss, I1st 48 Hrs 0.35 Confined

% Loss, 2nd 48 Hrs 0.13 Density, gm/cc

*Explosion in 100 Hrs None Brisonce, % TNT

Detenation Rafte!
rismaseHr7 loo- ConfInement

Condition
Hyre-opwity: % Charge Diameter, in.

Volatlity:Density, gmn/cc

Rote, meters/second

218
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/ OX-3 AXCP 706-177

f.Me"at'ol- n Tow: Shped CMrge ,ffactieis, TNT 100:

90 mm NE, M71 Projectile, Lot WC-91: Gloss Cones Cl ("A

Density, gn/cc Hole Volune

Charge Wt, lb Hole Depth

•" ToWe No. of Frollw~tst
Tor TNT Color. Gray powder mixture

I For TNT

S~For Subject HESc HPincipI Usov: SmLl caliber antiaircraft

3 lahck Hil M42A% Projectile, Let KC-5: projectiles

Density, gm/cc

Chaige Wt, Ib

Total No. of Fgmeate: moth"of I Pressed

For TNT
-" For Subject HE .....__

_L..diA De00ity: g/0cc
Frmgmant Velocity: ft/sec At 30,000 Pi 2

At 9 ft
At 251/ ft stersoge
Denilty, gm/cc

Method M

Ilest (Relative to TNT): Hazard Class (Quontity-Distonce) Class 9

Air: ComntIblltty Group Group I
Peak Pressure Bureau of Exploaives Class A

Energy _ _ _ _ _ _ _ _ _ _

Air, Ceefioe: Heat of:

Impulse
Combustion, cal/gm 14331
•e•:•plosion, cal/gm 980UPoPw Wetes: Gas volume, cc/gm 232

Imtpulse Performance Tests:
Energy 2 1 ojectile:

NYOC Pressure Cube 3?SUnderwad: QAP Blast Cube 52
Peok Presure
Irnvm"fe Activation Engy:.

Energy kcal/nl Values not included
Tomp, C due to erratic ig-
'rime to ignition, nition under condl.

seconds tions uf test.

219
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AMCP 706-177 MOX-gD

C mpeeltle.: Mea,.aim Weight: 48

IOxdizing agent (Barium Nitrate) 18 Oxygen hlesoce:
Aluminum, atomized 50 CO % -53
Cupric Oxide -- Co -3
Magnesium, atoaiized
Other ingredienta* 32 Deity: gm/cc Pressed 2.0
Calcium Stearatet* 2.0
Graphite, artificial** 1.0 Makinu Peiat: 1C
*29.1% ,',0.9% wax, and 2.0% TNT.

**Per cant added. F"621u0 Point: 'C

Iiped Senseitiviy, 2 K Wte I"IUn Pelat: *C
Bureau of Mines Apparatus, cm 78

Sample Wt 20 rag lIef ivioa hodx, no
Picatinny Arsenal Apporat is, In. 18

Sample Wt, mg 26 6
no

Frlktim Pe"adlaim Teat: Yocm, StebIky Tedt:
Steel Sho Sparks €c/40 Hrs, at
Fiber Shoe Unaffected 90"C ....

100 0o .67.
Rlile laillet Imopt Teot: Trials 1200C

96 ~~135'C .-

Exploasans 150'C

Partlal& ISM_______________________
Burned 200 G,1e IBook Sand Test:

Unaffected Sand, gm 33.6

Eaplee•l Tempesatures uC setIvkt•y te Isslthetae:
Seconds, 0.1 (no cap used) --- MInImum Detonatlng Charge, gnm

I --- Mercury Fulminate ....
5 6Lo0 d Alde 0.20

10 Tetryl 0.15
15
20 $l1witle Martel, % TNT:

Toaval Teo, % " TNT
73*(C international M~ost Tests ft o et

% Loss In 48 Hrs N D Teal
Discoloration, fumei, odor None Method

1001C HNet Teoo Condition

% Loss, Ist 48 Hrs 0.22 Confined

% Lo•s, 2nd 48 Hrs 0.12 Density, gm/cc

ExplosIon In 100 Hrs None Brlsance, % TNT

Flemmeblllty lInde": ConfInement

C•ndition
• H elelq~ty: ~% Chrge Diameter, In.

velatiloty Density, gm/cc
V__ ___ ___ ___ __ Rote, moters• s"cond

220 0t
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.moX-4B AXCP 706-77

Freguwmea•tm Tot: Shaped ChetIe Effeatlveess, TNT = 100:

90 NIL HE M71 Prejectile, Lot WC-91: Gilou Ccnes Steel Cones
Density, gm/cc Hole Valume
Charge Wt, lb Hole Depth

Total No. of Freolmeltsl CeIe Gray pov.er mixtur.e
For TNT
For Subject HE

Pr1eeal Use Small caliber antisarcraft
3 Inch KH, M42AI Prejeottl, Let KC-3: projectiles

[OMIfy, gm/cc

Charge Wt, lb

Total No. of F wasments: M oI C

For TNT
For Subject HE

Leading OwauhIv: gmn/cc

Frvaew Ve lyketY ft/w At 30,0O0 psi ~2.0

At 9 ft
At 25y ft S1emgei
Density, gni/cc

Method DrY

West (Rultve to TNT): Hazard Close (Quantity.Distance) Class 9

Air: Compatibility Group Group I
Peak Pressure Bureau of Ecplosivea
Impulse Clma. A
Energy

Ali, CeAfissWe Heat of:

Impulse Combustion, cal/gm 14392

Exoloeion, cal/gm 709UPederkesef Gas volume, cc/gm 208Peak Pressure -
Impulse Performance Tests:

Energ ;WT25EI Projectile:

eeOC Presaure Cube 43
APG Blaet Cube 53

Peak Pressur.

Impulse Aviation Energy-
Energy kcal/mol Values not included

Temp, I o due to erratic igni-
Time to ignition, tion under conditions

seconds of teat.
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!b
AMCP 706-177 mOX-6.

Cempesition: Molecular Weight: 43

Oxidizing agent ---- Oxyge *ol&wA:
Aluminum, atomized 49.2 Coj % -50
Cupric Oxide 19.7 Co % -42
Magnesium, atomized ----
Other ingredients* 29.6 egt: gm/cc
Calcium Stearate ----
Graphite, artificial 1.5 Meltal Prow: 'C
*28.7% RM coated, 0.9% vax.
C/H Ratio FPessmlg Pao-: *C

Impact Sbnevtikiy, 2 Kg Wt: "Ill"1 Poinats C
Bureau of Mines Apparatus, cm 78

Sample Wt 20 mg Refeactive Ilnex, n•.
Picatinny Amrenal Apparatus, in. 19 4

Sample Wt, mg 27 nT

Frictien Pendulum Test: Veauum Sabldliy Tes:
Steel Shoe Unaffected cc/40 Hrs, at

Fiber Shoe U na ffe cted 90 1C ----
QO0*C 0.43

Rifle Bullet Impact Teat: Trials 1o0C
% |135oc

Explosions
Pofiiuls 1501C

Burned 200 Grom Iamb Swad Test:

Unaffected Sand, gm 10.8

E~xplesekn Tempea~tum: "Sensitivity to Im0t6e00m:
Scands, 0. 1 (,s cop used) --- Minimum Detonating Charge, gm

1 -i. Merc, 1-y Fulminate ----
5 510 Lead Azide 0.20

10 Tetryl o.16
I S

20 Bellistic Meste,, % VNT:

Trauai Tea, % TNT:
75'C intemtleial Meet Test:

% Loss in 48 Hrs 0.02/10 gm Plet Deunt Teat
Discoloration, `,mes, odor None Method

100*C Meat Teat: Cordition

% Loss, st 48 Hrs 0.00 Confined

% Loss, 2nd 48 Hrs 0.00 Density, gm/'c

Explosion in 100 Hrs None Brisonce, % TNT

Deta*iea Raes

Flammebility Index: Confinement

Condition
Hygr8 scepicity/: % Chogo Diameter, In.

30 C, 90% RH, two weeks 0.79
Volatility: Density, gm/cc
Vl t Rate, me•ters/second

222
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MoX-61• AMCP 7J&-177

oellmeaetwen Teo: Skep" Clerp Effectiv*%see, TNT = 100:

90 mm NI, M71 Prejectile, Lo WC.91: Glau Cnes Steel Comas
Density, gm/le Hole Volume

Charge Wt" lb Hole Depth

Tefel No. eo Frqmee: .. Grey powder mixture

For TNTI
NSHipel Ume: Small caliber antiaircraft

3 l4"h HE, M42AI Projetille, LAe KC-5: projectiles

Density, gm/cc
Charge Wt, lb

Teoel N& ef Fmogmee: e eo 8--di, Pressed
For TNT

For Subject HE •_,,

______________________________________ Leedle Deaely: gm/cc

Poeemeat Velosky: ft/i At 3),0O0 psi --P2.0
At 9 ft
At 25½ ft 1S91 q
Density, gm/cc

Method

Shet (Reletive ae TNT): Hazard Class (Quantity.Distance) Class 9

SCmpatlbillity Group Group I
Peak Pressure Bureau of Elosivea

Impulse Class A

Energy
Air ¢ l Heot of:

Combustion, cal/gm 4293
Explosion, cal/gm 750

Upder Weterl: Gag volum, cc/gm a04
Ptsk Pressure
Impulse Activation Energy:
Energy kcel/m8 l Values not included

rIep, C due to erratic igni-
U04"N" Tid:me to ignition, tion under condittons

Peak Pressure seconds of test.

Iropulse

Energy
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, AMCP 706-177 mox-x: Mox x-B; ?.OX-3B, Mox_4B,_mox-6B

Preparation:

The various ingredienta used in the preparation of MOX explosives are coated separately as
follows:

Dichromatcd Atomized Aluminum - Seventy-five gromA of c€emically pure grade sodium dichro-
mate is dissolved in 150 milliliters of witer at 1000C under mechanical agitation. Six hun-
dred groma of the atomized aluminum powder in added gradually (2 to 3 minutes) and stirring

Is continued for half an hour. The dichromatod metal is filtered, washed vith water (15 to 20
times) until the washings show only £ alight cloudiness with silver nitrate. The water-wet
product is then dried in an oven at 50°C. The dried material is hand-rolled to reduce any

conglomerates, and blended before use.

Wax-Coated RDX - Eighteen grams of molten Be Square Special Wax (manufacturer'- alO° to
"185" Fahrenheit g ade amber) is added to 582 grams of finely divided RDX (water precipitated
from acetone solution) in a water slurry under mechanical agitation. Theotempereture of the
wax-RDX slurry is maintained above the melting point of the wax (about 90 C). The stirring
is continued for half an hour. After cooling to 50°C, the wax-coated RDX is recovered by
filtration in a Wichner funnel and dried in air. The RDX thus coated end presumed to be 3%
waxed RDX or a 97/3 RDX/wux mixture is hand-rolled to crush any conglomerates formed, and
blended by hand before use.

TNT-Coated Barium Nitrate - Thirty groma of TNT In alcohol solution is added to 270 grams
of bsriw4 nitrate in an alcohol al, y under agitacion. The temperature of the TNT-barium
nitrate mixture is maintained at SOC and stirring is continued until most of the alcohol !s
evaporated. The coated material is spread in a thin layer on a tray to dry in air overnight.
T1be barium nitrate thus coated with 10% TNT is reduced to an intimate mixture by hand-rolling
ard blending before use.

TNT-Coated Potassium Nitrate - The TNT-coated potassium nitrate is prepared by the same
procedure as is used for coating barium nitrate.

RDX/TNT-Coated Ammonium Perchlorate - The ammonium perchlorate is coated by dissolving the
Sopropriate weights of aDX and TNT in hot alcohol. After adding the ammionium perchlorate,
"the slurry is stirred until most of the solvent in evaporated. The treated ammonium perchlo-
rate is spread on a tray to dry overnight. Agglomerates formed during the process are crushed
by bhnd-rolling and blending the mixture before use.

TNT-Coated RDX - Sixty grams of molten TNT are added to a water slurry of 540 grams of
finely divided (water precipitated from acetone solution) under mechanical agitation.
The temperature of the TNT-RDX slurry is maintained at about 900C and stirring is continued
"for half an hour. After cooling to about 50 0 C, the TNT-coated RDX is recovered by filtration.
The 1X thus treated, and presumed to be 10ý coated or a 90/10 RDX/TNT mixture, is further
blended by hand after rolling to crush any aggregates formed during the process.

"The M0X explosive mixtures are prepared by blending the appropriate veights of the dry
.'nq;redierts in a Patterson-Kelly tvin-shell blender for at least 30 minutes.

Origin,

MOX type explosive mixtures were developed beginning in 1950 by National Northern, techni-
cal division of the National Fireworks Ordnance Corporation. West Hanover, Massachusctts.

2'2

9 .-.--- *

/.7
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MOX-l MOX--H: MOX-3-, MOX_4B, MOX-6B AMCP 706177

References: 4
6

(a) A. (I. M1irarcht and A. T. Wilson, Development of MOX Explosives for Improved !O mm
Ammunition, Navy Contract "nrd-10975, Task 1, National Fireworks Ordnance Corporation, First
Yea ana', August 1950 to August 1951.

(b) A. T. Wilson, Development of MOX Explosives: V-.rious Oxidants in MOX, First Progress
Report NFOC-6, Navy Contract-NOrd-l 2, National Fireworks Ordnance Corporation, December 1952.

(c) A. 0. Mirarchi, Properties of Explosives: Theory of the MOX Explosion, First Progress
Report NFOC..10, Navy Contract NOrd-H1393, National Fireworks Ordnance Corporation, December
1952.

' (d) A. 0. l4irarchi, Properties of £xploaivea" MOX Explosives in Various Atmospherhs,
First Progress Report NFOC-9, Navy Contract NOrd-11393, National Fireworks Ordnance Corpora-
tion, 1952.

(e) A. T. Wilson, Development of MOX Exploaives: Com2jostonj Var aions, First Progress
Report NFOC-7, Navy Contract NOrd-1230, National Fireworks OrdnnceCorporation, 1952.

(t) A. T. Wilson, De lopIM ent o OX Eplosives: Various Oxidants in MOX, Second Progress
Report MFOC-14, Navy Cota •nor -13iMd N 1tional Fireworks Ordnance Corporation, October
1953.

(g) A. W. O'Brien, Jr., C. W. Plummer, R. P. Woodburn and V. Philipchuk, Detonation
Velocity Determinations and FrMent Velocity Determinations of Varied Exp•oalove System
and Coaiditions, Nationl Northern Corporation Final Summary Report NNC-F-13, February 1958
(Contract- -o-19-020-50l-ORD-(P)-58).

(h) P. Z. Kalanski, Air Blast Evaluation of MOX-2B Cased and Bare Charges, NPAVORD Report
No. 3755, 5 April 1956.

(1) Also sea the following Picatinny Arsenal Technical Reports on MOX Explosives: 1935,
1969, 2204, 2205.

"4See foo'note 1, page 10.
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AMCP 706-177 Nitrocellulose, 12.- N (NC)

ch.mVe-tee /Mo , cu Wegh,: (272. 39)n% H 0ZW &O"

C 26.46 I co,% -35
H 2.78 2CO % 0.6
S12.6o Xj_0 58.16 D"e aDsity, gm/cc

X' ONO2 
,Poit: ,C .co.pose

C/H Ratio 0.23 ve"aIe Paim: IC

Impot Sensitivity, 2 Kgi Wt: "a" Poit: OC
Bureau of Mines App•ratus, cm 8 odiPe n

Sample Wt 20 mg R0efractve Index. n1
Picatlimy Arsenal Apparatus, in. 3 1o

Sample Wt. mg 5
n-.

Frction Pendulum T.t: Vecuum Stabdlity Test:
Steel Shoe cc/40 Hrs, at

Fiber Shoe 901C 0.17

IUfle lullot imiuct Tet: Trials 120'C 16 hours ii.4
% 135"C

Explosions 150C
Partials _ ___

Burned 200 G•eo Somb SOW TOOt:
Unaffected Sand, gm 45.0

ExpIleion Tempretuvel "C seosltk lly te odIntiatin:
Seconds, 0. 1 (rio cap Used) Minimum Detonating 'Thaor. gm

1 Mercury Fulminate
5 Decoaposee 170 Load Aside 0.10

10 Tetryl
•15- 20 

"iOdketl. Moetar, % TNT:

Tiuel Toat, % THT:
751C Iternetioneal Hat Tot:a

% Loss in 48 Hrs Method

I*C Hoeet Tat: Condioed
06 Loss, 1it 48 Hr, Confined

% Loss, 2nd 48 Hrs Densit)., gm/cc

Explosion in 100 Hrs Brisonce, % TNT

*Detoeatleft ROtN:
Fhmwnelbity Index: Confinement

Conditio
HygmcepyiV: % 300C, 90(% II 3 Charge Diameter, In.

'"l0 ensity, gm/ccRate, meters/second

2 '

MAW .. .
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Nitrocellulose, 13.425 N (Nc) AMCP 706.177

%Cmpositions H 0 ,0M.culev Wolski: (286.34),

C? 25.29 + l OXygee Beleace:
H 2.529 CO, % -29

H .2 21 CO % 4.T
0 58. T'.O . ' Dltv: gm/cc

X.0N00X-ON02 X. Do siy ,,,c

H &Meini Point: 'C Decocposee

C/H Ratio 0.23 Frez•gd Points *C

Impoct Sensitivity. 2 Kg Wt: "gasg Points 1C
Bureou of Mine* Apparatus, cm 9

Sample Wt 20 mg Refractive Ilndg, n-
. Picatinny Arsenal Apparatus, in. 3

Sample Wt, mg 

n

5 la

Friction Pendulum Tes: Veocoum Stability Test:
Steel Shoe cc/40 Hrs, at
Fiber Shoe 904C 0'.412

100"c 1.5
Rife111 Bullet Impect Tet: Trials 12O*C 1.5

Eplosion % 135C

Portials 1501C

Burned 200 r~e. Bomb Seed Tesw
Unaffected Sord,gm 49.0

xpioele4 Tempeetse: 6C Sensitivity to inlilateio:
Seconds, 0. 1 (no cop used) Minimum Detonating Charge, gm

1 Mercury Fulminate
5 230 Lead Aside 0.10

10 Tetryl
15

20 SeWotuc Mrme,, % THTY: 2.5

Tiroesl Tew, % TNT:
73'C Initenetlooel Meet Tesoo:Tst

% Loss In 48 Hrs PW* Dent Tests
Method

.100*C Hoeet Tt: Condition

"9 Lou, Ist 48 Hrs 0.3 Confined

"% Los, 2nd 48 Hrs 0.0 , Density, gm/cc

Explosion in 100 Hrs None Brlsance, % TNT

Detestle Rafte:
Flemmebilty Index: Confinement

Condition
HYlloscoIklity: % 300C, 90% RH 2 Charge DIametae, In.

2 /hr... Density, gm/cc 1.20Volatflity: 60°C, •/c2/h" 0.0 Rose, meters/second 7300
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iS

AXCP 706-177 141troelluloe,, 14.14% N (Nc)

Cempee~llO4•.•- - Mellcutec Weight: (297. l5)n

C 24.25 . COt % -24

H 2. 37 21..... .

-~~~ N 14.14 X ___________C_________

0 59.24 0 Desity: gm/cc 1.65-1.70

Lnoltll ipn 14 1te .t 1C Decom lloslli

C/H Ratio 0.23 Frlolus Point: 'C

IlPdct Snaltivity, 2 Ks Wt: lluno Pleht: *C
GurLou i Mines Apparatus, cm a

Sample Wt 20 mg Refractive ihddm, n21
Picetinny Arsenal Apparatus, in, 3 no

Sample Wt, mg 5 as

Fdction Pendulum Test: Vecuui iebil.it Tes,:

Steel Shoo cc/40 Hrs, at

Fiber Shoe 901C 1.146
-100'C 14 hours 1'

Rifle Bullet Impeat Teot: Trials 120C 16 her's 11.4
% )135*C

Explosions
Partials 15O1C

Burned 200 Griam Bawm Send Test:

Unaffected Sand, gm 52.3

IS011les Tempettni 'C Seasaivilty to Inlitletha:
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminate
5 Lad Azide 0.10

10 Tetryl

15I

20 hlllilsicM.at, % TNT-

Tsuxi Teit. % TNT:
7S'C InlterietloMl Nest Test:

% Loui n 48 Hrn lete DentteetMethod

I00C Neat Test: Condition

% Loss, Ist 48 Hrs Confined

% Lois, 2nd 48 Hrs Density, gm/cc

Explosion in 100 His risronce, % TNT

DeteweiN. Raelte
Fleimebllty Inldea: Confinement

S... . .Condition

Myrmecellityy % 300c, g% R 1 Charge Dionaeter, I

Vltiit: 6 " . Density, gm/cc

° /h 0.0 Rate, meters/second

228
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Nitrocellulose (NO) AMCP 706-177

Fraegmentation Teoo: Shaepd Ch"ei Efocalwuesess YNT 106.

90 mm M14 M71 Projectle, Lot WC-91: Glo" Cones Steel Cones

Density, gm/cc Hole Volume
Charge Wt, lb Hole Depth

T ool No. of Frogmeolt: CWIM W to

For TNT
For Subject HE hW: ss Pyroxylin (12% ii), blaatina

3 Inch ME M42A1 Proefie, Lot K•.S: explosives, pyrocellulo~e (12.60% N),

lechNE.M42A Prjectl.,Lee C4:smokeless powder; guncotton (13. 35% N
Density, gm/cc minimum), propellants
Charge Wt, Ib

Total No. of Frogmenfte fin4ed of Loedlos:
For TNT
For Subject HS ._.

_____________________________________ L*edla Dasell gm/cc

F.e •iMwe Velocity: ft/socAtg9ft

At 2% ft g

Mto wet

_________ __(8%__to 3D% voster)

Wist (Reletire t "NTh Hazard Cloas (Quantity-DistoncO) Clai 12

Ak-, Compatibility Group Group V

Peak Pressue (vet)

Impulse Exudation None

Energy
Heat of:.

Air, Ceefited:
Impulse Combustion, cel/gm 2109* 2313*w 2228***

Explosion, cal/gm 855* 965** 1058***
Uger Wow: Gas Volume, cc/gm 919* 883w-* 853•*/

Peak Pressure Formation, cagm 61T* 561* 513***

Impulse * 12.6% u
Energy **13.145% N

*4 14.114% Nq
UndLeMrrond: Vapor Pressure:

Peak Pressure
Impulse °C mm Mercury

Energy 25 0.002
60 0.00

229

Downloaded from http://www.everyspec.com



AMCP 706-177 Nitrocellulose (NC)

olubilty in Water, gNl• gm, at: 12.61 N 13.45% N 14.O% N

25 0C Insoluble Insoluble Insoluble
6o0 C Insoluble Insoluble Insoluble

Solubility, gm/i00 gm, 250C, in:

Ether Insoluble Insoluble Insoluble
"-Alcohol Very alight- Practically Insoluble

ly soluble insoluble
theSoluble Slightly Practically

soluble insoluble
(6%-11%) (l + %

Acetone Soluble Soluble Soluble

-2*4 -o ydrouis Test, 1.22 1.03' Nitric Mei

Preeration of Nitrocellulose from Cotton Linters:
kLaboratory Procedure)

Nitration: Second cut cotton linters, previously dried to a moisture ou tent of less than
0.5%, are nitrated by immersion in mixed acid under the following condition.

Ratio of Mixed Acid to cotton 55 to 1

Composition of Mixed Acid (approximatd)

a. for 12.6% N: 40204 63.5%, HN03 21%, 120 15.5%

b. for 13.4% N: 2so4 68%, Xo3 22%, 1o20 10.0%

Temperature of acid at the start 340C

Time of nitration 24 minutes

IDuring the nitration period the mixture is turned over occasionally to keep the acid hcmo-
geneous. The mixture is then filtered on a Buchner funnel with suction for about three uin-
utes and then drowned rapidly with strong hand stirring in at least 50 volumes of cold water.
After the nitrocellulose has settled, most of the water is decanted and fresh water added.
The nitrocellulose-vatex mixture is boiled and the acidity adjusted to 0.25% to 0.5•% as 1L2504.
The sour boil is continued for at least 24 hours for pyrocallulose and at least 40 hours for
gun-cotton. Additional boiling with changes of water are made in accordance with the govern.
ing specification (JAN-N-244).

i The nitrocellulose is then pulped in a laboratory Holland-type paper beater.
Enough sodium carbonate is added to kep the reaction faintly alkaline to phenolphthalein.
Pulping is continued to the desired degree of fineness.

Poai After weshing the nitrocellulose from the beater, the mixture ii- filtered and
the P--ri---uc-t-oiled for 4 hours with fresh water while stirring mechanically. 1rom time to
time a little sodium carbonate solution is added to maintain the mixture faintly alkaline to
phenolphthalein. The water is decanted and the boiling continued. According t.) the specifi-
cation, the total boiling treatment with poaching is as follos:

230
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Nitrocellulose (CNC) AMCP 706177

4 hours boiling with or without sodium carbonate

2 hours boiling without sodlum carbonate

1 hour boiling without sodium carbonate

I hour boiling without sodium carbonate.

Each boil is followed by settling and change of water.

Washing: 11be nitrocellulose is then washed by mechanical agitation with water. A minimum
of two washes are given. If a sample taken after the water vashes gives a minimum test of
35 minutes in the 65.50C Heat Test and 30 minutes in the 134.5 C Heat Test, the nitrocellulose
in satisfactorily stabilized. otherwise additional washes should be given.

Orrigin:

Cellulose occurs in nature. It is wood fiber, cell wall end the structural material of all
plants. Cotton fiber is ptue cellulose. Nitrocellulose was discovered about 184• by C. F.
Schonbein at Basal and R. Bottger at Frankfort-on-the-Main independently of each other when
cotton was nitrated. T. J. Pelouze had nitrated paper earlier (1838) and was probably the
first to prepare nitrocellulose.

P cr collodion, which in soluble in a mixture of ether and ethanol, contains from
8% to 12 -ntroien. It is used in the manufacture of celluloid and in composite blasting
explosives.

Pocellulose, a type of nitrocellulose of 12.6% nitrogen content, tompletoly soluble in a
mixtu-e o-f parta ether and one part ethanol, was developed %t Mendeleev (1891-1895). Thia
material, when colloided, formed the first smokeless powder for military use in the United
Statec (1898).

Guncotton for military purposes today contains a minimum of 13.35% nitrogen. It in only
eliR-M1-4 soluble in ether-ethanol, but completely soluble in acetone. Principal use is in
flashless powirs and as flame carriers. 14.14% N nitrocellulose represents a theoretical
limit.

In the manufacture of propellants, there is used a mixture of pyrocellulose and guncotton
(blended nittcellulose) of 13.15% to 13.25% nitrogen content.

Destruction by Chemical Decomposition:

Nitrocellulose is decomposed by adding it, with stirring, to 5 times its weight of 10%
sodium hydroxide heated to 700 C. Stirring is coatinued for 15 minutes after all the nitrm-
cellulose has been added.

References:
4 7

(a) See the following Picatinny Arsenal Technical Reports on Nitrocellulose:

4 7See footnote 1, page 10.
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AMCP 70177 Nltr.oce1L.ulose (NO)

2. • . .a 4_ ;. . X. s 2

0 1 27 910 41 72 13 4 125 86 167 8 19
390 101 332 33 24 475 576 327 198
420 231 402 43 u.14 485 586 407 208 69
130 31 422 133 i74 495 796 717 278 169
7.30 551 542 233 194 555 916 787 388 279
960 831 5"(2 253 334 705 1016 987 403 499
.'o1020 851 652 2T3 374 965 1026 1u87 588 659

1100 971 662 653 394 io65 1066 1197 718 669
1150 1031 752 673 724 1125 1206 1267 758 709
11.90 10o41 802 683 804 1135 1256 imq 778 739
1210 1071 1)52 173 894 1205 126 1327 808 779
12~4o 1151 1012 793 1.024 126;) 13o6 1407 838 809
1300 1201 103P 963 31054 1275 1316 1427 858 909
1320 1221 1342 1023 2.074 1365 1516 1447 1058 1119
135o 1231 1242 1233 1084 1375 1556 1487 128 1159
1410 1331 1282 1273 1174 1745 1616 1587 1238 1249
19430 1351 1362 1443 1274 3755 1786 1637 1248 1309
1490 1391 1392 1663 1304 1845 2056 1717 1348 1329
158 1401 1642 1753 133.4 1905 1817 139 1349
166 1421 18121 1813 1384 1915 1827 1478 1399
1810 1.501 1852 1863 1394 1955 1847 1528 1439
1830 1541 1912 1873 1454 2-1.07 1638 1449
1990 1681 2.992 1973 1674 2137 1678 1619
2 1 1691 2022 1754 1838 1799

1731 2102 1814 1898 1809
1T781 1824 1918 1869

* 1811 21.44 208 11
1831. 2208 2189
1841
1851
1931
1961
1991
2071
2101
2181
2201
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Nitroglycerin (Liquid) AMCP 706-177

C~~eito:Molecule, Weigh1t, (CIN3ý 22T

Oxylen Balaece:
C 15.9 H 2C-- ONO2  CO % 3.5.

S 2.2 M I ; Denuy: gm/cc 250C, Liquid 24f 5

N 18.5 2 NO 200C, Liqud
2 6M Mailing poit: *C Labile form 2.2

0 63.4 Stable form 13.2
C/H Ratio 0.lo09 Freoelwn Peoit; "C

Impect Senmilivity, 2 Kg Wt: llung Peoit: IC Decomposes 145
Bureau of Mines Apparatus, cm 15

Sample Wt 20 mg Refucdiwe Wndex, n 1
Picatinny Arsenal Apparatus, In. 1 lb Vt 1 11473

Sample Wt, mg n. 1.4TI3

Frictl.o pndulUM Too. Veauum Stebility Too:

Steel Shoe Explodes cc/40 Hrs, at
Fiber Shoe 90'C cc/gm/6 bra 1.6

Win I001C co/gm/16 hbr 114
Rifle lulie Impet Teal Trials 120*C

% 135'C

Partial& 0 1SOC

Burned 0 200 Greow Ilomb Send Tesl:

Unaffected 0 Sand, gm Liqutid method 51.5

Ixpiesede Tempertvre: 4C Sensltivity to Initlen:
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm

I Meicury Fulminate
5 Explodes 222 Lead zAhk

10 Tetryl
15

20 h*elel MWsw, % 1iNT: (a) 140

TrauvI Toot, % TNT: (b) 181
75"C Ihteneatielal Heat Teat:

% Loss in 48 Hrs Piete DentTeot:
method

100*C Heae Te•t: Condition

% Lo", 1st 48 Hrs 3.6 Confined

% Lois, 2nd 48 Hrn 3.5 Density, gm/cc

Explosaion in 100 Hrs None Brisonce, % TNT

Detoeenaio Rleh:
Flemmabiuity Ilde: Confinement Olsaa Steel

Condition Liquid Liquid
Hyireeelckityt % 30"C, 90% Ru 0.06 Charge Diameter, in. 0.39 1.25

Oensity, gm/1rc 1.6 1.6 /
Veoltl: 600 c, i•/cm2

/hr 0.11 Rate, meters/second 1600-1900 700,/
23/
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AMCP 706-177 
Xitr~ogjycerin Liquld)-

lee~t Se~id~fri Fest Dcm.kilomaloriialee 17. 3 19. 2

wOx, in. for 50% Detomo~on (.H, kcai/mol)41 4.

Density. gm/cc 
Phase LiquId Liquid

Mee of~
Combustion', cal/gmn 1616 Anew. Plate Impea Too:~

Ev~osion, Cal/gm 1600 6 MMra olclsGas Volume, cc/gmn 715 50% Inrt Wvciti,, ft$Formation, cail/m 400O Aluminum Fineness
Fusioni, cal/gm

Spocifi. Most: cQiigrn/*c

Liquid 0.356 Plate Thickness, Inches

som" Drop Tooli

CGl/sWc/CM/'C 
77. 20M4b Soi-AnmsorPRuatiag Bomb vs Coec,ete;

C"14ider of xpenionsMax Sa~fe Dro, ft
Urwar, %/*0 JIM Goerel Is Pu-p.. tomb vs Ceuue".z

Volume, %/*C 
Hih:

Noioos,, M~si' Sck Trials
Unaffected

Younsg's Medulus: Low Order
V', dynes/cmr' High Order
E, ib/Inchw 

00l .,iPna abv eci.
D~ensity, gm/cc I0~ eea u" obv ocet

Compessie Srengh: b,'ich~Height, ftc~mpetolv Strngth lblnchATrials

Unaffected
M~~rP ess ure Low Order

oc =m Mercury Q -tru High Order
20 0.00025 60 0.0188
30 0.00083 70 0-0113l40 0,0024s 80 0.098
50 0.0073 90 0.23

2.34
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Ole

Nit olycerin (Liquid) AMCP 70&177

Frsmeaht•ie• Tee: shoe Cheepe Effgodtyeess, TNT = 100:

90 mm HE, M71 Prjectile, Let WC-91: Gloss Cones Steel Cones

Density, gm/cc Hole Volume

,horue WV, lb Hole Depth

TteO No. of Fremoets: Ce
1

• Colorlea

For TNT

* For Subject HE
Pu•bdcipel Usc:s. Propellant ingredient, dmooll-

3 inch HE1 M42A1 Projetilke, Let KC-5: tion explosive ±i~rcdlent,
grenade burster ingredientDensity, gm/cc

Charge Wt, lb

Total Ne. of 1milments: Method of Loading:
For TNT

For Subject HE
Loading Deslity: gm/cc

Frietmeat Velocity: ft/sec
At 9 ft
At 251/g ft Store"..

,i Density, gm/cc
Di, /Method With acetone or other desensitizer,

gtnere.11. not stoiid

Blat (Rleltive to TNT): Puzard Class (Quantity-Distonce) Class 9

Air. PrsueCompatibility Group'!i! .. 'Peak Pressiure

Impulse Exuclatln

Energy _ _ _ _ _ _ _ _ _ _

Air, Cnfined: Heat of Tarnsit-on, cal/g-m:
qImpulse Transition:

U es sLiquid --4 labile 5.2
Under weter: Labile -- s stable 28.0

Peak Pressure Liquid -- stable 33.2
Impulse Hydxrolysis, % Acid:

Energy

10 days at 220 C <0.002
SUadarlmeinh 5 dayS at 600 C 0.005

Peak Pressure

Impulse 82. 10 c ia reat:
::,i Energy

EneryMinutes 
10+

235
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AMCP 706-177 Nitoglycerin (Liquid)

Gas Evolved at Atmospheric Pressure, cc:

Sawle Wt, gm 1.6
Temperature, Oc 65 75
Time, hours 20 40
Volume of gas, cc nil n4l

Viscositz: (C)

.. CaentipoiAes

"i0 69.2
20 36.0
30 21.0
40 13.6
50 9.4
60 6.8

Fragmentation Test:,

20 mm HE, Mark 1, Projectilep Total No.
of Fragments for:

Nitroglycerin 22
Tetr-•itrometbame 17

Minimum Propagating Diameter: (d)

Maximum Diameter for% Dimethahthalate min atng 2 Failures in
Diameter, :Nches 2 TNrals, inches

0 (3/16 Olims) 1/16
5 -- 1/8

10 1/8 3/16
15 1/4 3/.81
20 3/i4 7I/8
22.5 1 1-1/2
25 1.55 2

Sensitivity to Electrostatio Discharge, Joules (test condition, t~nconfined;

no value given for confineament):>

Solubility, grams of nitroglycer•n/100 gm (ý) of:

Water Alcohol Trichlorethylene "*rbon Tetrachlor•de

15 0.16 o 3T.5 r 22 RI 2
20 0.18 o.0 !,k.o
50 0.25
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1.1-f>W.
Nitroglycorin WLquld) AC 0.7

Carbon IDioulfid lQ g () at 25*C In

2:lEther:Alcohol >100
Ambient I Acetone

Soluble In .1l Proportion. In:

Nathanol Phenol
Acatona Pyridina
Ethor yln
Ethyl acetate Nitrobenzaen
Amyl acetate -,-Nitrotoltiono
Methyl nitrate Uquid EN
Rawyl nitrate Chloroform
filtroglycol Ethyl chloride
Teatranitrodiglycerine Ethyl bromide
Acetic acid Teatrochioroethylene
Benzmne Dichloroethylens
Tolutene Trimithylonaglycol Dinitrato

Solubility in NO, -of:

Alcohol ~ 21T TNT Water

- I
0 3.~4  20 35 20 30 25 0.06
2o 5.14
50

T2_01i 1 ON02

M -OH 43HN03  ~ CH 012 3H(
6 A - U nN 2  - 0 40 2

Glycerine Is uanzally nitrated at 250C, cr below, by adding It very slowly to a well agitated
miture of nitric wad sulfuric acids, e-g., 40/59. 5/0.9, nitriu acid/oulfaric acid/Vater, us-

Ing an acid/glycnlAne ratio of apprimate14 6. Agitation of the reaction mnixture is acco&-
plished by use of compressed air. A rapid temperature rise, or appearance of red fAmen, auto-
matioelly requires dunping uf the charge# Immediately, Into a drowning vessel filled with
water. After all the glyc~rin& has been added to the nitrator, agitationz and cooling are con-
tinuad until the temperature drops to about 7.50C, and the charge is then run into a separator
where the IG rises to the top, and Is run off to the neutralizer. The nitroglycerin is
wsarhod first with water, then with sodium carbonate, and finally with water, The resultant
11 wizen washed with water, produces washings which do not color pbenolphthalein, and Itself
ia neutral to Litmus paper.
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AMCP 76177 Nitroglycerin (Liquid)

Origin:

Nitroglycerin was first prepared In 1846 or 1847 by Ascanio Sobrero, an Italan chemist
(Mee Acad Torino (2) 10, 195 (1847)). For several years after this discovery, nitro*lycerMn

attracted little interest as an explosive until Alfred Nobel In 1864 patented Improvements in
its manufacture and mothod of initiation (%-itith Patent 1813). Nobel gave the name dynamite
to mixtures of nitroglycerin and non-explosive absorbeuts, such as charorle iliceous earth
or Kieselguhr (British Patent 134 (1867)). Later developments led to gelatins dynamites,
ammonia dynamites, and so called straight dynamites. The first propellants using nitrogly-
"cerin vere called Ballistite (Nobel, British Patent 1471 (1688)) and CordA.t (Abel and revar,
"British Patents 5614 and 11&4 (1889)).

Destruction by Chemical Docosiposition:

Nitroglycerin is decomposed by edding it slowly to 10 times its weight of 18% sodium sul-
fide (Na 2 .9H 2 0). Heae is liberated by this reaction; but this is not hazardous if stirring
Is maintained during the addition of nitroglycerin and continued until solution is complete.

References: 48

(a) A. H. Blatt, Compilation of Data on Organic Explosives, OSD Report No. 2014, 29 Feb-
ruary 19.4.

(b) Ph. Naoum, Z ges Schiess-Sprngstoffw, pp. 181, 229, 267 (27 June 1932).

S. ,(c) Landolt - Bornstein, £hsiykalisch-,Chemixche Tabellen, 5th Ed. (1923).

International Critical 1ables.

B. T. Fedoroff et al. A Manual for Explosive Laborotories, Vol I-IV, Lefax Society,
Inc., Philadelphia, 1943, 1946.

(d) H. A. Strecker, Initiation. Propagation and Luminosity Studies of Liquid Exalosives,
OSRD Report No. 3609, 3 December 1945.

(e) Also see the folloving Picatinny Arsenal Teuhnical Reports on Nitroglycerin:

0 1 2 2 L I 12

620 511 652 233 454 1155 1206 817 768 69
660 551 672 343 494 1235 1456 83T 1348 249
800 701 792 673 1024 1955 1496 1197 1398 579
1020 891 922 903 1OT4 2015 1556 1297 17,38 709
1150 911 1142 1023 1084 1616 1637 1918 1349
1210 1031 1282 1443 1454 1786 1817 2098 1359
1410 io14 1362 1643 1524 1816 1847 2119
1620 1151 15142 1663 1624 1896
1680 1191 1662 1863 167' 2056

1221 1692 1993 1754
1611 1742
1651 1752
1691 1992
1731
1781
1851
1931
2021
2181
2201

"8 See footnote 1, page 10.
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Nitroguanidine ANCP 706-177

Ce 9e~~a Melegish, We1Igh: (CH4N4o2) 104

c 11.5 NHOxygee een.
.- 12C02 % -31

H 3.9 HN-c C09 co%5.4

%NH3. Density: gm/cc Crystal1.T

0 30.8 NO2  A"Mek rowa: 'C 232

C/H Ratio 0.038 Fiessalg Peimli OC

Imacte Seasitilvity, 2 Xg Wtc "Has1 POWs: 'C
Bumeu of MinnS Apparatus, cm 47

Sample Wt 20 eng Refregfive ladee.. no.
Picatinny Arsenal Apparatus, In. 26

Samnple Wt. mng T

Psietle PeoilmW Test. (a) Vacuum. SbUefUy Tew.,
Steel Shoe Unaffected cc/4O His, at
Fiber Shoe Unaffectied 90

OUNG 10 ul IMPut Tee01 5 Trials (a) 10 0.37

0 135*C

partlaou 0 IO
Burned 0 I200 Grow I5mb Samd Tedst
Unaffected 100 Sand, gm 36.0

Esphweme Temperselmee C Seu&i~wity to IamweIe~eu
Seconds, 0.1(ocpue)Minimut )emto'wiatng charge, gm

I kercury Fulmirvjve
5 Decomposes 275 L* xii 0.20

10 Tetryl 0.10

20 Bank*i mestu#% TNT$ (a) l04

Trawal Teest % TNT.- (b) 101.
73 C lulemmeleae Neel Tedl: 00 e*Te c

% Lousin 48Hrs o0 e aeTf c
______________________ Methd A

1100c Naee Toeo: condition Pressed

"% Loss, Iit 48 Hrs 0.18 Confined No

"% Lass, 2nd 48 His 0.09 Density, gm/cc 15
Expapoln In 100 Hrs Noune Brisonce, % TNT 95

Dahmamllm RON$t(e
Ufsdmmebl~y lae:Coninemnent

Condition
Neesvoepicift: % 300C, 90; RH NO"e Chage Diameter, in.

elmlyNoeDensity. gm/cc 1.55
Velul~y: oneRote, mesters/second 7650

239
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!S

AMCP 706-177 Nitroguanldine

Fergmentat.i Teot Sheped Cheare If fehtOewes, TNT = 100:

90 mm 541. M71 Projectile, LeW WC.91: GlaG Cones Steel Cones
Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Tetel No.. . Fregmenh: CAIMI Colorless
Far TNT

For Subject HE
F~deelll UNses

3 lack MO, M42A1 Projectile, Lot KC-$: Propellant composition ingredient,
Density, gm/cc bursting cherge ingredient

Charge We, lb

TOWed . oeef Femea.t' Method of L.edbq:

For TNT

For Subject HE

LeeDe Dsfti gm/cc
Frlameat Veleocty: ft/sec At 3000 psi 0.95i At 9 ft

At 25V ft Stetee:

Density, gm/cc
Method Dy

Eling (Relati4e to TNT): Hazard Clos (Quantlty.Distance) Class 9

Ai:Compatibillty Grup Group I
Peak Pressure

Impulse Exudation

Energy
Solubility, gm/lO0 gm (1), in:00

Impulse Water 7- 0
100 9.0

SUnde, Wete,: 1.0 N Potessium
Peak Prsure Hydroxide 25 1.2
Impulse Sulfuric Acid 0 3.2*Iple* gm/100 cc solution 25 6.o•

Booster Sensitivity Test: (4)
Peak l PCondition PressedPaprsueTetryl, am 100"* Impuls Wax, in. for Detonetion 0.67
Energy Density, gm/c 1.41

Heat of:

Combustior, cal/gm 1995
Explosion, cal/gm 721

Gas Volume, %c/&m 1077
Formation, cal/gm 227

240
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N ii~ne . AMCP 706177

(Chemistry of Povdar and ýxplosive, Davis)

[ R M2N 1 N 2  NH

C'- NH HH0 3  Dehydration C NH

L J

?our hundred gma of dry guanidbne nitrate in added in small portions to 500 cc concentrated
sulfuric acid at 100C, or below. As soon as al crystals have disappeared the z.ky solution
is poued into 3 liters of Iee-.ter, and allowed to stand until ystallization is complete.
The product is filtered, rinsed with wter, and recryatallized from about 4 liters of boiliDg
water, yield about 90%.

Origin:

Nitroguandine was firit prepared In 187T by Jouuselin, but it ws 1900 before it found
use in propellant compositions. During World War 1, nitroguanidin. was used by the Germane
as az Ingredient of bursting charge exloeives.

Destruction by Chemical. Decompoition:

Nitroguanidins is decomposed by dissolving in 15 times its weight of 45% sulfuiric acid at
room teperiature and vwAring the solution until gas is evolved. Heating is continued for one-

lmthour.

ktoferences149

(a) L. C. Smith and E. G. Waster, _,slical %%-ting of looives, Part II - Miscellaneoug
Sensitivity Tentol Performance Tests, 0SRD •eport No. 574 7 December 1945.

(bi) Canaftan Report, aE-12, I NWy-15 August 1941.

(c) D. P. Macolugell, Method• of Msical Teting, OSRD Report No. 803, 11 August 1942.

(d) L. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetryl in Bcoostera, NOL Hemo 10,003, l3Jine9,

(e) Departments of the Azw and the Air Force 914 9-1910/TO l1A-1-34, Military Eplosives.,
April 1955.

4'9 S0 footnote 1, pegt 10.
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AMCP 706-177 Nitrogusnidlne

(f) Also gse the toflovlng Picatinmy Arsenal Technical Reports on Nitraguanidlns:

0 1 a I '.6 y 2
1 1391 1282 1.83 /1336 907 758 1439

1 2181 132 1423 ,2 aTT 1749
2201 242 2193

.J. ~,f,..
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Nitroisobutylglycorol Trinitrete (NIBTV) Liquid AMCP 706177

compeelien: Moleculare We~kht (04HN4̀0i) 286

C 16.8 02NO-CH OsvSeu 1.8.446
2cot % 0.0

H 2.1 0 - 2 C-N CO % 22

.N 19. 6 Density: gm/CC 200C 3..614
O2NO-CH

0 61.5 2 2 Malting paint: *C

C/H Ratio 0.i26 Pressing Point: *C -39

Impact Sensitivity, 2 Kgj Wt,. Boiling Peints *C
Bureau of Mines Apparatus, cm 25

Sample Wt 20 mng Refractive WONde nD
Picatinny Arsenal Apparatus, in, n0  09

Sample Wt, mgas189

Friction Pendulam Test: Vacuum Staility Teot:
Steel Shoo cc/40 I-Irs, at
Fiber Shce 901C

1006C
kIfle lullet Impact Toot: Trials 120'C

Explosons %1351C

Partial~s 1501C

Burned 200 Gram~ Bomb SendTeat:
Unaffected Sanid, 5rn 00ý2,tjjeg1: g~bsd 28

Explosion Tenmperattue: C Sensitivity to lnit~atlo"I
Second%, 0. 1 (no cop used) Minimum Detonatin2 Charge, gm

I Mercury Fulminate
5 Ignites 185 L~oad Axe

10 Tatryl
15

- 20 Ballistic Meeter, % THT:

_____________________________ Treuxi Toet, % TNT:
W5C Internationel Hoet Teot: ,

% Lass In 48 H1*,et et O
Method

10ooc Heat Test: Condition

"% Loss, I1it 48 H rs Confined

"9 Loss, 2Md 48 Hrs Density, gm/CC

Explosion In 100 Hri Brisance, % TNT

00etieeel Raftes
fla~mmability Index: Confinement Glass (I Val

- * Condition Liquid
"HYoveeapicity:. % Charge Diameter, In. 0. 39

-1 Density, gm/cc 1.614
250C, me/cm /214 Isrs 0.12T x 10-3 Raft, metters/second 7860
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AMCP 706177 Nitroisobutylglycerol Trinitrate (NIBTN) Liquid

Frolomeft"Oe Tot: Shaped Chirsie Effecoveaee, TNT = 10):

90 mm HE. M71 Prjectile, Lot WC-91: Gios Cones Steel Coes

Density, gm/cc Hole Volume

Charge Wt, lb HnWe Depth

Tetel He. of Fregmeal: CoYelnov Y o.l

For TNT
For Subject HE

Irl?.ipel Uses: Gelatinizing agent for

3 lick HE. M42Al PMjeatile, Let KC-S: ±trOCelLdoIe

Density, gm/cc
Charge Wt, lb

Tetel He. o Friets: - Methed of Ldollg:
For TNT

For Subject HE ______________________
__________________________ Leedlu Dmlity: gm/cc

Fregmeat Velwty: ft/sec
At 9 ft
At 25V2 ft Steoege:
Density, gm/cc

Method Liquid

Shut (Rele*ve to TNTU Hazard CIO" (Quantlty-Distance)

A;" Compatibility Group
Peak Pressuriu

Irpulas Exudation

Energy

Air. o~fisel:Solubility-AIr, Cesfled:

Impulse Soluble in methyl and ethyl alcohols, ace-
tone, ether, ethylenedichloride, chloroform

Uwdr Water: and benzene.

Peak Pressure Insoluble in water, carbon disulphide,

Impulse and petroleum ether.

Energy Toxlcity:

Uldetrelmnd: Slight, decidedly less than nitroglycerin.
Peak Pressure Gelatinizing Action:
Imnpllse .. ight on nitrocellulose.

Energy 82.2 0 C Ki Test:

Minutes 2

244
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Nitroisobutylglycerol rInitrate (NIBTN) rLiuid AMCP 70&177

Preparation:

A total of 675 gm 3T% formalin is added to 150 gm nitromethene cont•a ing 2 gm potassium
carbonate hemi-hydrate. The first 200 gm formalin is added slowly, keeping the temperature
below 300 C, and then the heat of reaction is allowed to raise the teraperature to 80vC, and
the mixture then heated two hours at 900 C. The reaction mixture is then concentrated at re-
duced preassure and diluted, and this process repeated several times to remove formaldehyde.
After the zinal concent-ation the cooled mixture is filtered and the cryatsa"l no product recry-
stallized from alcohol and then several times from ether and dried.

The nitrated product is then obtained by nitrating 50 gm nitroisobutylglyc, ¢ol with 300 gm
mixed acid (6o/38/2, sLau2uri" acid/nitric acid/water) below 15 0 C for 1.5 hours.

OrIgiu:

'This explosive (also called Trimethylolnitromethane Trinitrate, Nitroinob itanetriol Wini-
trate, Nitroisobutylglycerin Trinitrate and incormectly but widely used Nitroisobutylglycerol
TrinAtrate) was first described in 1912 by Hoftimer (Z gas Schiess - SprengstofNv 1, 43
(1912). flofwl.ier prepared the compound by the condensation of 3 moles of formaldehyde vith
1 mole of nitromethane in the presence of poteasium bicarbonate, the subsequent nitration of
the product. Mbe explosive can now be produced from cole, air, and natural gas.

Referencesa 50

(a) H. A. Aazonion, Study of Explosives Derived from Nitroparaffins, PAIT No. 1125,

24 October 1941.

(b) M. Aubry, Mis1 Poudx, 22, 197-204 (1932-33); CA a, 4083 (1933).

(c) A. Stettbacher, Nitrocellulose 2, 159-62, 181-4, 203-6 (1934); CA 3, 250 (1935).

(d) W. de C. Ctster, U.S. Patent 2,112,749 (March 1938); CA y, 3964 (1938).

(e) H. J. Hibshma, E. H. P•arson, and H. B3. Haas, Id Eng Chem ý2, 42T-9 (1940); CA
3235 (1940)-

(f) A. Stettbacher, Z ges ScIems SprengstofV Z, 624- (1942); CA ,255 (1944).

50Se fot~notm 1. passe 10.
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AMCP 706-177 Nitroatarch Demolition Explosive (NUX)

Cempatioe: MIwalo Weight: 325

Nitrostarch (12.50% N) 149 OuVIONge o IlaScC

Barium Nitrate 4o CO.. % .19
Mononitronaphthelene 7 CO %
Paranitroanilline 3 Do.skyi gm/cc
011 1

Me4lag PeOW•: 'C

C/H Ratio Freezmla Pebat, 'C

Impact Seasktlvty, 2 Kg Wt: . lling P1001t0 'C
Bureau of Mines Apparatus, cm 21

SanVli Wt 20 rg Rive I8"e, n-
Picatinny Arsenal Apparatus, in. 8

Sample Wt, mg %

frictin Pendulum Teot: vocum Steabilit T•"t.
Steel Shoe Czraklee, snaps cc/40 HIrs, at

"Fiber Shoe Unaffected 901C
100'C ll+

Rifle $mike Impact Test: 10 Trials 8 TrZae* 1201C

6 90 0
Partials 0 13 1S0C

Burned 0 0 200 Grem tomb Snol Teoe:

*= nd11er 10 87 Sand, gmn 39.5

1ximpleel Tompeveture: Sumelfivity te IntltIONea:
Seconds, 0. 1 (no cap used) -- Minimum Detonatlr% Charge, gm-

I -- Mercury Fulminate o.26
5 Decomposee 195 Lead Aside --

10 Tetryl
[] 15

20 161l1liatl Meser,. % TNT: (a) 96

Tiewal Test, % TNT:
75'C Imternatioel Neet Tent:

% Lo ss in 48 Hrs 0.2 Me thod•. Methad

100C Hoeet TeeS Condition

96 Loss, Iit 48 His 0.3 Denst "/
% Lous, 2nd AS Hrs 0.3 Dniy mc
Exiplosion in 100 Hrz Non* Brisonce, %6 TNT

, Weneth Rate:
• Flnemmwenb1lty laden: Confkr~nmet

ConditionHylleoeeelpity: % 30oC, 90% Pit 2.1 Charge Diameter, In.

Density, gm/cc
Vo ftl• IRate, meters/second
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Nitrost~Arch Demolition Explosive (NSX) AMCP 70&177

Fragmenation~ Towt Slasped Clhargo Ilffectiveness, TNT 100

90 van HIE, M71 Pmjsctil*, Lot WC-91: Glass Cones Steel Cones

Density, gm/cc Hole Volume
Charge Wt, lb Hole Depth

Total No. of Frogmentst al"
For TNT
For Subject HE

Ptl~al~e Useas Demolition, bursting charges,

3 lack HIL MA2AI Projectile, Let KC.5s zlpiigcmoiiu
Density, gm/cc

Charge Wt, lb

Total M~e, of Fragmentse: MetkId of eadlags t and taimped
For TNT
For Subject HE_____________ ______

_______________________________________ Leedim Oe..sivi gni/cc

FPolgmeat Volelty! ft/sec Apparent 0.92
At 9 ft
At 25 1/ ft ueg
Density, Urm/cc Mto

pleat (Relative to TNhYI Hazard Clss (Quonkty.Dlstonice) Cla~ss 9

Air: Cornpotlbillty Growp Group I
Peak Pressure
Impulse Exudation gout

Eiergy

Alt, Ceefimedt 12000C Heat Test;
Impulse Minutes

Salmon Pink 'a
under Water: Re~dFues 255

Impulse
Energy

U8dergre~aqw:
Peak Preslure
Impulse
Energy

2-27
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AMCP 706-177 Nit~rotarc Demolition Explosive (N$8)-

The nitration of starch proceedo with the formation of huxanitro starch according to the
following 3quation:
2C6111005 4. 6N03-• "n1,40 4 (ON0 2 ) 6 + 6H20
Tapioca starch is considered the best for nitration purposes, although other starches give
fairly stable products. The starch, pretreetad to remove oils, fats and water soluble im-
purities, Is dried and screened. Feeding of the dried starch into stainless steel nitrators
coutasining mixed acid (62%-63% HNO and 37•-38% 1LSo 4 ) is done slowly with constant agitation
ol' the mixture. The heat evolved lust be controlled by cooling coils. The uitrated starch
is separated from the spent acid, vashed with a large amount of water and centrifuged. Final
drying is on trays heated to 350-40 0C with air, 7his product is so sensitive even a static
discharge might cause explosion.

Nitrostarch demolition explosives contain a high percentage of nitrostsrch, an oxidizing
agent, mineral oil, a stabilizer and/or other ingredients.

Origin:

Nitrostarch wan first prepared in 1833 by Branconnot, who called it xyloidine (Ann chim
phys 2 22. 290 (1833)). T. J. Pelouze studied xyloldins further and reported Its explosive
properties (Compt rend !, 71.3 (1838). It found military use in the United State& during
World Wars I and 11 as blasting ezploslivs and a" an ingredient of bursting charges and prim-
In& convositions.

Referencens 51

(a) W. R. To•linaon, Jr., Phy.sical and Explosive Properties of Military Exlosiv~s, a PAIl
No. 1372o 29 Novttuer 1943. 

_loi~

(b) G. D. Clift and B. T. Fadoroff, A Manual for Explosives LAboratorles, Vol I, tefax
'Society, Inc., Philadelphia (1942).

(a) Also see the following Picatinny Arsenal Technical Reports on Nitrostarch Explosives:

1 2 48

1611 782 1034 1117 838 1269
203288

5lSe, footnote 1, page 10.
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ANCP 706-177

Oct. 70/

CmOpeakieU Melecuhir Weight: 265

1)OC TO C0% 9638

CO 9 -i.5

Densit: gm/cc Cast 1.80

""Mkg pown: 'C

C/H Ratio Presain PoNet: *C

lop"* Senslitvity, 2 Kgl Wh lollingw POin: *C
Bureau of Mines Apparatus, cm

Sample Wt 20 mV 11e1faestliv Index, n"
Picatinny Arsenal Aipporatus, In. 18

SamnpleWt, mg 26 e

Steel Sho unAffected Ten M t:
Fiber Shoe Uneaffected 90*C -....

Rifle Ballet Im~pact Test: TrioI4 120*C 0.3T

partials

Burned Ad Gra 11amb Send Teds:
Unaffected Sand, gm Xploratory 58.4~

Inpleeloc T3poelao Sneifily t nlein
Seconds, 0. 1 (no cap used) ... Minimum Detonating Charge, gin

I1. Mercury Fulminate ..
5 Fllma erratically 33 "m A~ 0.30

10 Tetryl ..

1s
-'20 Baisntic Meeter, % TNT: 115

TnmmI Test, % TNT:
75'C lnefetism e Wo eeINo Teot: Pint Dent Tedt:

%LossIn 48 Hs Method

100'C Hoet Teoo: Condition I

% Losu, I1st 413 Hrs Cnie
% Losu, 2nd 48 Hr Derail V, gm/cc

WosioB~n in 100 Mns Drisonce, % TNT

Deftwetka RAtM:
Flaws"lohllty 1041ex: Confinemnent None

Condition Cost
Hygreeseplefty: % Charge Diameter, in. 1.0

Vehliy:Density, gm/cc 1.80
Rate, metars/second 8377
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AMCP 706-177 *vo1

Boaster Sensitivity Test: 0ecompesiltlou Equae"l.:
*Condition Oxygen, atorns/sec

TetyigmHeot, ki locaolorie/ mole
Wax, In, for 50% Detonation (.IH, ikcai/mon)

* Wax, gin Temperature Range, 'C
Density, gm/cc Phase

* ~ Ieeof.
Combustian, cal/gm 2722 Armor Plot* Impact Test:

Exbploeion, cal/gm 107T4 60 men Matter Projectile:
Gat Volume, cc/gm 8147 50% Inert, Velocity, ft/sec

Foermation, cal/gm -- -- Aluminum Fineness
Fusion, cal/gm

______________________________________ 500-lb Geneeal Purposa Ie'wte:

Specific Hestz cal/gm/*C
Plate Thickness, Inches

1:14
Burning Rete:

cm/se
tomb Drop Toest.

"Thrmel Conductivity:

*Cal/1eC/cm/'C T7, 2000-lb Soml-Armor.Plarclag Bomb vs Caincrefte

coeuciee .eispaseiis:Max Safe Drop, ft
Linear, %/'C 500lb Generel Purpose Bomb vs Concrefes

Volume, %/'C Height, ft

NotigesMall' Scle.-Trials
N~rdessMeh' Scle:Unaffected

Low Order

E', dynes/cni
2  High Order

E, lb/inch2  1000-lb Generel Purpose lBomb Ys Conucrete:
Density, gmn/cc

Cempteselve Sfteaght~ lb/inch, 1510 Trials
See below Unaffected

Ve"" Pressure: Low Order
.Cmm Mercury High Order

Co3 receive Stren th: lb/inch
2

*

~A er, 10te iJ 1510 Ultimate Deformation:
High r7~o Average (10 tests) 2. 26
Low 1330 H1611 2.58

_________________________ 1.97

*Test specimen 1/2" x 1/2" cylinder (approximately 3 gin) pressed &L 3 tons ((.O00 lb) totI.
loed or 30,000 psi with a 2 minute time of dwell.
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T "

Octol, 7o/30 AXCP 706-177

[Freimoa4taiee To•e": Shaped Cheeg Iffoedlanes. TNT 1W.

90 mm HE. M71 Projectile, LeW C-91: Gla Cans Steel Can"s
Density, gm/cc Hole Volmhe

Chorge Wt, lb Hole Depti

Teoel Ne. e# F11maen: Colon Buff
For TNT -

For s.ubiect HE PdFSjtelr Ueb ZH projectile end bew b fi ler

3 lackh H, M42A Pmiekil., Lot KC-5:
Density- gm/cc
Charge Wt, Ib 4

Teotl Ne. of Uaileegaw.t: eed of Leading: (fst

For TNT
For Subject HE_

Loading Dea-10: gmr/cc 1.80

Fraegment Veleclety ft/sec
At 9 ft
At 25½ ft Sm"ege:
Density, gm/cc

Meshed

&he (Rolewiev to TNT): Hazard Cam (QWnty.D-eOice) Cless 9

Can potibil4ty Group Group I
Peak Pressure

ImpulseExudation

Energy

Air, CeON*.ed: Work to Produce Rupture: ft-lb/ich3  *

lpulso Averege (10 tests)

High 1.8T
Peak Preur Loe 1.10
imu4•S. Efflux Viecoit,.*, Seybolt Second@: 5.9
L.ergy

Pooh Pressoue

'e~st speciman 1/2" x 1/2" cylinder (approxi-
metelY 3 gin) pressed at 3 tons (6,000 lb)
total lod or 3),U0D psi with a 2 ulzatm
tdue- of'ell.
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AMCP 706-177 0tol...7./.0

Effect of Altitude, Charge Diameter and Degree of Confinement on Detonation Velocity
(Reference b)

One-Inch Column T''o-Inch Column
•cploaive Simulated Altitude, Confined Unconfined Confined nonfined

t*

70/30, R.I/TT; Ground 7900 8100 7660 80o0
density, am/cc 1.62 =

6oooo 80o40 814o 8010 7950

90,000 80&' 7980 80o10 7TO

Average 8005 8085 789 7873

7o/30, IM '•.X0/T Ground 7960 7900(4) 787o 764.0(4)
density, gk/cc 1.61

: 30,000 &-50•0 8060 7930 Trio' I
60,000 8020 7930 7890 7650

90,000 7950 8000 T940 7650

Aver•ge 7995 7973 7908 7663

*(o0/30 Octol confined charge in 1/4" steel tube, AISI 1015 iueAleia, 1" diamter 18" long,
and 2" d1amter 7" long. All meJas were determined from ists of five values unles other-
vise indicated by (). A 26 ag tatry booster was used to initlate each charge.

Average Fragment Velocitiaw at Various Altitud•w* (g)

Simulated A.titude, F"et
lxplosive Charge Dieme- . Ground ,0O000 ,0tO00 ,00

7o/30, R•X/NT 1 '3415 3672 667 3685

2 464 5192 36 6011

70/30, m.CC/'T 1 3366 Y680 W14 3617

2 4703 5464 6089 6mu

"*Outsift diameter 2.54"; inside diameter 2.04"; length 7".

3::25-

S. .. " -~n mr • ' d • ] J [ [ • [ It I ' ' ' m• n" i " un • -- --•, ,I41 ' ,lm~ [' , n •'% • •' m' • I"
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.14.'

Octol" 7o/30 AMCP 706177

Tensile Strength:*

Average (6 tests) I

'L V 128
*Test specien as per Picatinny ALainsl sketch XL-O76B, at 210 c.

* hodulus of Elasticitt:*
lb /inchk'

Averae (10 tests)

High 79,300

Lcw 63,000
*;est specimen 1/2" x 1/2" cylinder (approximately 3 gm) pressed at 3 tona (6,000 ib) total

load or 30,000 psi with a 2 minute time of dwell.

Setback Sensitivity Test: (a)

Critiscl Pressure 92,000 psi*

Density, j-./cc 1.72
Pressure below which no Ii.tiation is obtained and above which an increasing percentage of
initiations mn be exected as the uetback pressure increasesal

Pit Fra mMntation Test:
105 =s H1IM Projectile*

Weigt 5roup, grains -N. of 1V entai

I 1/2.- 2 129

2. - 5 66

5 - 10 49T

10- 25 661

I 25.- 50 471

50 - 75 247

T75- 150 322

o150- 750 ".

750-2 o / 2 12

Total Number 446T

/

/

/~

~K..

"4' .
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AMCP 706-177 Octal, 73/25

Ceu~~aitea:M"eeulr Wit:2T6

T5 Oxygen 3.lauiez
COLJ%.3

TNT' 25 Co % .603

Deusit)' gm/cc Cast 1.81

C/H Raotio re..slas P.Mltt 'C

lopedt Seaitivity, 2 Mg Wit "Nosuw PAM-. 'C
Bureau of Mines Apparatus, cm

Sample Wt 20 r~g Refreitlive 11"44K no
Picotinniy Arsenal Apparatw~, In. 17n.

Sample Wt, ma 25

vPdefsth Peewula. Yowl vewl stowuiv* Test:l
Steel 9"o Unaffected cc/40 Hts, at
Fiber Shoe Urtaffeuted 901C..

1001C ..
kilkBls wlet lwqmt~ Teet l0Trials, % 10C03

3/1611 st~eel 1"A 150C 03

Partials .- 5C-
Burned -- 200 G"w Beomb Sand Test:
Unaffected 30 3 Sand, gm Exploratoxry 62.1

Maoleeoe Teampestveal 0C sesehImrty to 11141etkleu
scande, 0.1 (no cap US"d) - Minimum Detonating Charge, gmn

1I- Mercury Fulminate ....
5 Flaffes on-sticall'y 350 Load As Ids 0. 3D

10 Totryl ..

20 BeUiek Master, % VKT: 116

75'C letemeltiese Heet Teelsaa To %TY

% Lous In 48 Hri e u-sTo
_____ ____ ____ ____ Method

100C Heel est: Condition
% Loss, I1at 48 Hrs Confined

% Lous, 2-.d 48 Mrs Density, grn/cc

Explosion In 100 Hrs BrIsonce, % TNT

Ul5IM"aabilwl ludeus Confinement None
Condition Cast

Ny~eeI~~I7 Charge Diameter, in. 1.0

ve lwlDensity, gm/cc 1.81
Rate. mneters/seonld 86143

254

Downloaded from http://www.everyspec.com



Octol, 75/25 AMCP 706-177

111estet Seesmitely Tests Decompeelt ea E tiefotz
Condition Oxygen, atoms/soc

Tstryl, gm (Z/tC)
Heat, kilocalorle/mole

Wax, in. for 50% Detonation (AH, kcal/moVl

Wa., gm Temperature Range, "C

Density, gm/cc Phase

Combujstion, cal/gm 2676 Aee' P Impoct toot:

Explouion, cal/gm 1131 40 Mprj.1111:
Gus Volume, cc/gm 830 50% Inert, Velocity, ft/see

Formation, cal/gm Aluminum Fineness

Fusion, cal/gm 29.4*
*Calculated for 76.9% VHWC 23.1% T7T. . 500. .G-•ei s ee pieis lemb: .--

Sipee ik 4eal: 4;ol/gtn/*C
-79 C 0.200 Plate Thicknes, Inches

t00•o +800C 0.240
330 to 74,0c 0.245 1
9goo to 1500 0.323

**Determined for T6.9% I=, 23.1% TNT 14

lslnsise Rote:

cm/sc 
wlsmb Drop Test:

Thes/l GclcC/'etis 17Y 200-11k S@0-101-Plorelageml b VS Coeste:

SCeel~ist. of INpeasls: Max Safe Drop, ft

Linear, %/'C S0- General purpoe Bomb vs CNeN.Nh:

Volume, %/'C Height, ft

Trials
He.Iaaes, MNeoi' lisle: Unaffected

Low Order
Veumo's Medsdke: High Order

V', dynes/kml

E, lb/inch' 1004.b General Purpee 11omb s oe Cecrate:

Density, gm/cc
Height, ft

Cnepreselve £heslis: lb/Inch' 1340 Trials
See beloov Unaffected

Vd,.j Peesure: Low Order
OC mm Mercury High Order

Compreesive Strel'gh: lb/inch2

Average (10 tests) 1340 Ultimate Deformation: -
High i560 Average (10 tests) 2.43
L _ ,ov 1040 High 2.8

e***Teot specimen 1/2" x 1/2" cylinder (spproximstely 3 am) pressed at 3 tons (6,000 lb) total
Alod or 30,000 psi vith a 2 minute ti*e of du-ll.
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AMCP 706-177 Octal, 75/25

Fragmentation Teot: Shoped Chaerg Effetfreees, TNT 1 100:

90 mm HE, M71 Prejectile, Let WC.91: Gloss Cones Steel Cones

Density, gm/CC Hole Volume

Charge Wt, lb Hole Depth

Teofl N o. of Fregm ent a: C ol or. Buff

For TNT
For Subject HE

P leipel Uses: HE projectile end bomb filler
3 Inch HL, M42AI Projectile, Wet KC-5:

Density, gm/cc

Charge Wt, lb

Toetl Ne. of Fragments: Mothod of Loading: Cast
For TNT

i-•" For Subject HE

_ _ _ _ _ _ _ Loadin Density: gm/cc 1.81
"Fragment Veloity: ft/sec

At 9 ft
At 25VI ft Stege:

Density, gm/cc
Method

Ilest (Reletive to TNT): Hazard Class (Quaritity-Distance) Clase 9

Air: Compatibility Group oroup I
Peak Pressurv

Impulse alutio

Energy

Air, Ceafinved: Work to Produce Rupture: ft-lb/inch
3

Impulse Average (10 tests) 1,31

High 1.57Under Water: LoW 110T
Peak Pressure

Impulse Efflux Viscosity, Saybolt Seconds: 9.0

Energy

Underground:

Peak Pressure

Impulse
Energy

*Test specimen 1/2" x 1/2" cylinder (opproxi-
mately 3 g9) pressed at 3 tons (6,000 lb)
total load or 30,000 psi with a 2 minute
time of dwell.

2__
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Q tOl. •W ANCP 706-177

- Fragment Velocity Teat: (a)
M26 Hand Grenade:

A eragv4 t e

lposive =v SCOe re mnant V fact~

Cumposition B 0484
751/25 0Ycl.otol .4908

enaile, ,,Strerth:*

Averae (10 test.) - 6 '
IHigh 33

*Test a-acihen .sketch XL-0T6B, at 210C.

Modulus of Elastieity*-

Average (10 teuta)
LO 4,5, 20O0 1 -

*..t sp•.ciin /xi2" cylinder (approxmately 3 S,) preesed at 3 tna L, Co 1.b) total
Icaml or 30,000 pci vith a 2 miniute tiua or duwell.

Setback Sensitivity Test: (a)

Density, 1IVo .k 00

OuuR- 01 IGTRh i.33iRT I, obta.'nad suid above wihich an iuaittuing percentsg* of
iuitiatioun can be ea~eated at tlh setback preuiure inceas•.

Pit 1)(mntation- Telti (a)
1.05 wi Ml HIV Projectile:

24#1 G No. of "raments

"2" 5 7.7
I5- 10 535

.0- 25 719
25 50 1480
50 - 5 2146
75I 1503

2.50.- 7W 293
T50.-2500 8

Iotal Number 50OU

Pl57

"-fo •o

S..... • • ;•, , • .. ....... ._

- I
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SAMCP 0677 Octol, 70/30; Octol, 75/25

Preparation:

Water-wet HMX is added slowly to molten TNT in a steam-Jacketed kettle at a temperature of
100°C. The mixture is heated and stirred until all moisture is evapozated. The composition
is cooled to a satisfactory pouring temperature and cast directly into ammunition components
or prepared in the form of chips to be stored for later use.

References:
5 2

(a) let Xndorsement from Chief, Explosives Development Section, to Chief, Explosives
Research Section, Picatinny Arsenal, dated 12 My 1958. Subject: "Properties of Octols and
HUA-3."1

(b) A. W. O'Brien, Jr., C. W. Plummer, R. P. Woodburn and V. Philipchuk, Detonation Veloci-
ty Determinations and Fragment Velocity Determinations of Varied Explosive Systems and Condi-
tions, National Northern Corporation Final SSmary Report NIC-F-13, February 1956 (Contract

MT§-020-50l-ORD-(P) -58).

S~(

52 See footnote 1, page 10.
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Al

PB-RI)X AMCP 706-177

Compeeltl.: Molecularh Weight. 245

CO, % -62
Polystyrene (unmodified) 8.5 CID % -18

Diocylpthsete1.5~ ~ Unpressed 0.81

Meltdm Polak: 'C

C/H Ratio Froe.1.g Polat: *C

Inwpat Sensi~tivity, 2 Kg Wt. ~ e IlliUng Point:C
Bureau of Minos Apparatus, cm 28

Sample Wt 20 mg RefregtiV. IndeX, nD,
Picatinny Arsenal Apparatus, In. 15

Sample Wt, mg 20 n

Friction PendulIum Test: Vocuumo Stabilty Teot:
Steel Shoe Unaffected cc/40 I-Irs, at
Fiber Shoe Unaffected 901C--

Rille Sullet Impact Teat: 10 Trials .
120*C o

% ~135*C
Explosion& 10
Partials 90 10
Burned 0 200 Giant 96mb Sand Testh.,-
Unaffected 0 Sand, gm

Ehiplaaw Tomperetute: C Sonsitl,&ty to Initiation:
Seconds, 0. 1 (no cap used) --- Minimum Detonating Charge, gm

I Mercury Fulminate
S Smokes 2;75 La dLoa -zd

10 Totryl

20 Illol1is14c Meet.,, % TNT-

Toevai Teoo, % TNT:
7S*C Intensetional Moet Teso: Plat* Dent Teat-

%Loss in 48 Hrs Mto

100'C Heet Text:Codtn

% Loss, Ist 48 H-rs 0.00 Confined
% Los, 2nd48 ~Density, gm/cc

Explosion in 100 Hrs None Brisonce, % TNT

Detonation Rete:
Flammablity Iadex: ConfinemeAnt

Coliclition
Nygroecopiskv: % Charge Diar-eter, In,

Test procedure described inPTHN. 2T Density, gm/cc
May 1956. Rate, meters/socond
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AMCP 706-177 pJ3-RDXC

Sse.*m .Sovaliviy To~I 04aptelitw 14iaVek
C"nitich Oxygen. tomS/soK
Tatryl, gm (Z/We)

Waxin.(w 3% DtonaionHeat, kilocaloritt/male
WonIn. o~ 0% Otonaion(AH, kcal/moi)

W~ax, 91"~ Temperature Range, IC

HG;st 4f:
Combutstoo, cal/gm 302T Amwe Ploit. l#Asps Too-

Exi-4Ion, cal/gmn 98 3 M.4
Gas Yaiwme, cc/gm 50% Ines4, Velocity~, ft/se

Fc,.atios, cl/gmAiumit.um Flnen~j

Fusion. cal/gm

$Weilk imehst cc0/gn/*C
Plate 1 lickn~as, inmhcs

I %

55ftIA RA4fitit

_____W.____-__________________I Mom vs .w-Vot

P~.~~fi~l~I,* ~max Sato D~rop, ft
Linear, %/*C Ob e#IPie . ' 4ert'

volume, %/'C Haight, ft

Trials
Heamlaw, Meh,' keiet twlwnaff. I I

Low Order*
o"Sm ukISo* belowrHg re

lidynes/tcm4 ih r

E~, lb/Inch' ~'e ups abv es~e
Oensity, gm/cC

- Haight, ft
C*"itfteae Sortsgtls Ib/Imchv 24to3 2149 Trials

Percenit 8.9 1311fct

vompof rPOOse.e Low Order
C mro Mercury High Order

Young's ModulOus. * (a) Tempertue
2 Ambi e;~

E, lb/iuch' (avg of 5) '39,5 31
Density, am/cc 1.6o 15

*Pellets (Wot (AC-596.55) 0.750 iach diam~eter by 0.750 inch long, pressed at 30,000 psi with
30-seond dwell.I. 260
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PB-R=X AMCP 706-177

Fral.w*6tte Teo*. Shpe Chee Effatr41M, TNT = IGO

90 saw NHI MYI Projectile, Lot WC-91: Glass C- e Steel Cones
Density, gm/•c Hole Volume
Charge Wt, lb HOle Depth

Tosi" M e. F Imee coou White
For TNT
For Subject HE

PAndpa* Uses: High mechanical atrangth

3 lock NHI M42A1 Prjectile, Lot KC.5: explosive

Denlity, gmn/cc

Chorge Wt, lb

Total N*. 6f Fralo4afe Mob" asdi: Presed "
For TNT
Far ,Subject HE,
For______Subject_________HE__ Loed&ag Depeity: gmn/cc Pressed, pal x 10-' -

0/ 10 20 30
-rOINWO Velecityl ftlso¢ 1.10 1.49 1.59 1.62

AAt9ft
At 25½ ft S.:
Des•ty, gm/cc

MethodDr

Blest (Relative to T) Hazard Class (Quantity-Distance) Class 9

Al: Comrpatibility Group Group I
Peak Pressure

ImpuLe F None

Energy

Air., Cesflo: TRockwell Iterdneaa, "R" Scale: (a)
172 Tnch diameter Penetrator. 60 Kg Loed:

Impulse

Pellet SpecifIc
U*de Weten No.* Gravity Hardness

Peak Pressure -

Impulse 1 1.624 84
Energy 2 1. 623 90

3 1.611 84
4 .6oo 80o

U, r.a.sdh 5 1.590 75
Peak Pressure 6 "1 -571 73
Inpulse T 1.548 62

8 1.524 49

*Pelts (Lot HOL-E-93) were 1-1/2 inches
in diameter and 3/4 inch high.

261
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AMCP 706-177 PB-RDX

Sensitivity oX P andL fl/ Stearic Acid
Pellets* to InitiattoWMf T MeY-dpecial Blasting Cans (a)

Gap (Distance From Base of Cap to Pellet), Inches
Pellets 0. 5o 0 0.350 . 40 fl3 .500 0. oo

PB-RDX with Pellet Density
1-.55 gm/cc

No. of Trials 1 8 5 6 2 1 1

Average Ampth of Plate
Indentation, inches * 0.082 0.090 0.087 0.080 0.080

No. of Feilures 0 1 3 U 1 1 1

PB-HDX with Pellet Density
a.60 gm/cc

No. of Trials 3 8 9 4 3 5 2

Average Depth af Place
Indentation, inches fl 0.090 0.089 0.087 o.oOU 0.084 0.075 __

No. of Failures 0 0 2 3 2 3 2

98/2 RDX/Stearic Acid With
Pellet Density 1.63 gm/cc

No. of Trals 5 3 5 5 5 5 5

Average Depth ot Plate
Indentation, Inches *, 0.I09 0.096 0.095 0.092 0.097 0.087

No. of 1tiluros 0 1 0 3 U 4 5
* Pellets 0.92 inch diameter, 0.T15 inch height.

+* Mild steel plate 5" x 5" x V".
Performance of PB-BlOC as Booster: (b, d)

Ten 2.75 inch HEAT M1 Rockst Heads were unaffected in performance by storage at 7J.0 C for
28 dayu. Thus, PB-RBlO wae not desensitized by contact with TMT-besring explosives. TNtryl,
similarly used, becomes desensitized when stored in bursting charges at elevated temperatures.

In addition, 108 modified M30TAI 57 mm projectiles were fired for performance against
armor. Each round contained a PB-RDX booster pellet. There was no evidence in these firings
that the projectiles were inadequately boostered,

262
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PB-RDX-AWMCP 706-177

P'repara ti on:

Vie purchase description sheet for polystyrene-bonded RDX (X-PA-PD-1088, 25 October 1956)
re'quires that the PD-flLX shall be a mixture of RDX, coated and surrounded by a homogeneous
mixture of polystyrenie and dioctylphthalate. Tho' specified percentage of RlX~shall consist
of a mixture of 75'/) Tyrpe B, cIlass A HDX and P5% 7Ipe B, Class E RDX. The granulation of the
unpreased composition chall be as follows:

*Sieve No. Mnmm% Mxml

* 6 100 -

12 60 -

20 -- 2
35 -- 0

'Wo rnethoda have been reported for the preparation of PB-RDY (Reference, Los Alaeos Sciem-
tific Laboratory, Contract W-71405-Eng 36 with U. S. Atomic Energy Commission, Report No. IA-
114148). The earlier method employed a Baker-Perkins ty~pe mixer to blend the components. This
procedure gave a product Viti, Z,,od pressing characteristics. However, the molding composition
was nonuniform in granulation anid tended to be dusty. The slurry method of PB-=D preparation
gave a product which was unifom, f~ree-floving anid dustless. In addition, P11-HflX granulated
by the slurry method exhibited latisfactory drying, handling and pressing characteristics.

The final, procedure incorporating the better features 'found from the study of such variables
as solvents, solvent/plastic ratios, lacquer addition end temperature, agitation, 1WX particle
size distribution, dispersants and rosin additive, was as follows (Reference c):

Vorty-two and five-tenths grews (142.5 gin) of polystyrene end 8 cc dioctylphthalate were
dissolved in 200 cc toluene in a lacquer dissolver. Steam was introduced into the jacket

i until the temperature reached 650C. Th'm lacquer was agitated constantly until it was ready
to be added to the granulator. This lacquer contained a 1:14 ratio of plastic-plasticizer to
toluene.

Four hundr-ed and fifty grams (1450 gmn) of RDX and 14500 grams of H2 (ratio 1.-10) were added
to the granulator. The agitator was set for 1400 rpm and the temperature was raised to 750C
by introducing steam into the jacket. Thle temperature differential between the lacquer solu-
tion and the 8flX/water slurr'y was 50 to 100C.

The lacquer solution was poured through the charging funnel into the grenulator. As soon
as the lacquer was added, a solution of gelatin in water was added, end the mixture was agi-
tated until the lacquer was well diapersed in the RWX slurry (a,*proximately 5 minutes). Greau-
lation took place at this point. Steam was intr~duced again into the jacket to distill the
aolvent until the temperature reached 980C. Cooling water wai; then run into thle jacket to
cool the batch to 400C. The coe'ted material from the granulator wse collected on a Buchner
funnel. artd dried In a tray at 'QOOQ for 214 hours. Temperatures below TOCC did not furnish
enough heat, but a temperature of 80011 produced stickiness and caking of PB-1RDX.

Origin:

An exploHive consisting of RDX coated 'uith polystyrene plasticized with dioctyphthalate
*4r4J inttially developed in 1952 for the Atomic Energy Commission by Wes Alamos Scientific

.'lr~oyof the University of California (Contract W-71405-Eng 36 with u. S. Atomic Energy

263

Mz~

Downloaded from http://www.everyspec.com



/

AMCP 706-177 ,B..DX

Commission, Report No. LA14J48). The specific formulation of 90/8.5/1.5 RDX/polystyrene/
dioctylphthalate was subsequently standardized by Loa Alamos. This explosive, originally
designated PBX, has been redesignated PB-RDX. The detailed requirements for the present
polystyrene-bonded RDX(PS-RDX) are given in purchase description X-PA-PD-1088, 25 October 1956.

References: 53

(a) R. J. Zlotucha, T. W. Stevens and C. E. Jacobson, Characteristics of Polystyrene-
Bonded RDX(PB-RDX), PATE No. 2497, April 1958.

(b) A. J. Pasnczio, The Suitability of a Baxe PBX Booster Pellet in the 2.75 Inch M. HFAT
Rocket Head, PAR No. 21l, November 1955.

(c) J. L. Vermillion and R. C. Dabberly, Plastic-Bonded RDX, Its Preparation by the Slurry
Method, Holston Defense Corporation, Control No. 20-T-16 Series A (PAC IOU8), 5 March 1953.

(d) C,, J. Eichinger, Report on Cartridge HEAT 51 MOTAIL (Mod2 with Modified Copper
Liner, Aberdeen Proving Ground, Development and Proof Services, First Report on 0C Project
"•-2O04, October 1957.

"%35ee foo'note 1, page 10.
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Itenta~rAbxita1 fr~pu'toet (?am71) XP7tImellwube Welght (CohqN.1o 10) r
C 21OxygeeDsase

H - 1 1CO % 3

ZI 15. 5 H= _ _KC2beasIky gm/cc 1.514

0 59. L CK202 MON"W lph OC 26to 28

C/H Ratio 0.14~1 Uweaslf ageimh -C

lmpe.o so";**Ie. 2 Kg we& eBOW" Pelt *C 4 = Ng ZDcqowpos* 130
Bureau of Mines Apparatus, cmn

Sample Wt 20 nig Reiems"" ledg, no
PikAtiray Arewnal Apporatus, In, 5 to 10

sample Wt. mv 38

Steel Shat cc/40 Hrs, at
Fiber SI'o. 901C

WelOe10" e: Til 004C 2.5J4 to 5.69

Partials 1 S01C
Bumned 200 Gee. bomb Send Teaw
Unaf fected Sand, gn-

Lapleew TOmParehaft: Csewsihilry to taki~e.ee
Second&, 0. 1 (no cap used) Minimum D, -acating Charge, gm

I ~Met-tay Fulminate
5 L4UdAS~dC

10 Tly
is
20 Se~all meow,. % TNT:

____________________________ TmWis Teoo, % TNT-
71C 7S"roeteel Wee Teeth

% Losu In 48 HmPh ea yl

Methacl

100*C "A* TO.*' Caw'lltion

* Lous, I t 48Hrs Confined

* Lows 2nul 48 Hr Density. gm/CC

Expleic- in 100 Hra Orisance, % TNT

PIa"ehiltj I"44"31: ConfIinement

Candivion
Hygueceplclty: %6 Charge Dkwamer, in.

ve"Uty..Density, gm/cc

Velet~ty.Rats, nstoru/secand
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AMCP 706-177 Pentaerythritol Trinitrate (P=VPIN)

Fftegmeeteele TeOO: Sbeeed Ckaise If Ictlvemeas, TNT 109t

a0m NE M71 Piejefile, Lot WC-911: Gloss Cones Steel Cones
Doeosty. gm/cc Hole Volume

Chorge Wt, lb HOWe Depth

eTow No. of Uuemeeht: Cellar Wh to
For TNT
For Subject HE

PsiasiPel Uses: Explosive, propeLlant or
2 leek N. M42A Psejadib.'Let KC-3: igniter ingredient

Density, gm/cc
ChArge Wt. lb

TeWa Ma. of Uaegmeata: AMWo Laig
For TNT
Far S&A4ec HE _________________

____________________________________ Leadkeg Densiy. gm/cc

UmaIVekhey: ft/sec
At 9 ft
At 25% ft Sloel"&e

Dw~ty'or"/ccMothw 
Dr

Sho (aslot4 to TwIn HmAwad Clean (Quantlty.Osatwco)

AinCaiepaeibWlle Grow
Peek Presawe
lmpuhe Evuadtaen tn

PEZRIV esters are listed In. reference (b)
Au. Ceelfead and moat of these eaters hove Lean skown to

Impul"have explosive propertiesa.

eder W~ An Infrared apectrophotomietric procedure
Pack Piessume ums develo~d for tthe determinat~on of the

ecetone con~tent of PEMV (rot a). A 2.5 inm
IMAs"=le of ?7 I: s dissolved in chl'crofom'

ErAk.gy an~d the volume Increased to 25 mtilliliters in
a voluamatri': flassk. -.ne aceoane cornter,. )f
the P!EI, sol-.tion Is determined t-. '.. ir~fra.

Us* -n- red saborption at 5.2 in a 0.5 me cell. A
doable, team metn~od is hsoed with a refere:.c*

ln~puh~ecell corntalnin.,r chlalroform and scaeto -free
Enowgy P-EZRX?. -The quantity of the letter maust to

Absolute Viucosit':, poisms ca:refull;; ad -anted to .iv* a iood Icalanc* be-
T*WP, 170 C 1l&ý tw~r. the test seosple arnd refermace calls f-.r

0-4C 4 the strong P=l. peak at (.C2.. raximi.
;Oc 3.0 Ps f

38aC1.2Heto
Explosion, cal,/h 1201.

266

Im

Downloaded from http://www.everyspec.com



-- v

nterythrltol Tfrnitrute (P•TreI) AMCP 706477

rreparltion:

c(CH2oH), + 3O OHNC2 C(CHo.03) 3  + 3H20

p'.ntserythrltol nitric sulfuric pentoerythrltol water
qcid acid trinl trkte

4'116 W1J63 PW 96 MW 2TI MW

The earliest procedure used for the annufacture of PETIN was that devel.Ted at Alle Is ,y
Ballistics Li5borstor'. la this process. called the "A process," 800 10O3 sad the solid per.
teairthritol ver* charged to the reactor and 80% H2SO wea edeed slowly at a rate to permit
control of temperature at 0° to 5°C. This mixture was held for a 2-1/2-hour reaction period,
then drowned in water and filtered to give a cake containing to'h .the trl- end tetra-nitretes
of pertea-rthrltol. The cake w•s dissolved in acetone and naeutra-•id In solutlo vwith ao-
rnonlu carbonate, after which the PE1 was precipitated by the additiot. of water. After fil-
tration, t.e P w•s: e recovered from the filtrate by stripping off the isnl. e. ,rjar vacuum.
Yieeld by this process averexed about 40%.

An improved process, called the "D proose," used the same prImry reaction procedure but
a different vork-up procedure. After the reaction holding period, wter wse addgd to dilute
the mixed acid and the batch we extracted in situ vith mathylaea chl•ride. Thi organic
layer vs separated, neutralized vith squeoUTs-"Toiua blcarbonate, and stripped of meatylens
chloride under vacuum to yield the prodact directly. Yllds by this process were aboat 500
and quality of the product ws ouch improved over that of the "A procs,.'

The "C process." currently In use, involves assentially, the simultaneous asynthoals and
extretlion of ?ETRE1 fro the rerctlon mixture. Me1tylene chloride approximetly equal to
the total •toight of the other corpon•uts Is added to the reaction mixture before the sulfuric
acid. After a suitablo tl=e folloIng th-e additlon of eultsric acid, the -"vent is removed
and replaced by fresh solvent one or more tieas. The combined extracts are neutralized and
concentrated. ecause of their Initially relatively large volume, PTE aust be removed by
filtration from the concentraetd PETH3 solution before the final sol.vent 1 stripped. Yields
by this ;rocess haive been 60% to 65%.

Origin.,

The nitration products of pentaerythrztol or its derivatives containing not more than three
1.'02 groups were patented for use as explosives, propellants or ignition materials In 1936
(Germn Patents 6.1..L32 and 6-5,433; CA O ,. 1212 (193T)).

A process in which penteerythritol -ononcetste vas converted to pentearythritol trinitrate
mo:nosceieate. uhich we then saponified under carefully controlled conditions to PET=IN, wse
reported in i)P5 (N. S. .Marens, D. E. Slrick and H. F. Preckel. J Am Chen Soc 76, 13014).
PE-RIN was also prepared by the nitration of pentserythritol with a mixture of-0g% HW03 and

in 0.55 (A. T. Camp, S. S. Mrano, D. E. Elrick end R. F. Preckel, J An a., Soc

* ~T . TY. -
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AMCP 706.177 nt.erythrito, Trinitrate (PMTIW)

ReferonceseS

(a) Roohi and Kian Company, Redstoie Arsenal Evision, Process f1or the Manufacture of
Nntbae•ithri.tol Trinitr•te M4onoeorylate ,nd Petrin Acryist. -

(b) E. Berlow, H. 11. Barth and J. E. Snow, 7h* Pený*rythritolI, ACS Mocograph No. 136,
p. Rp einhold Publisblhg Corooration, New York 5'

(a) H. H. Pierson, An Infrared S9oectro hotomotric Method for Determination of Acetone
Content of P.ntaer thritoltriItra*te, U.S. Naval-Or-auce Tst Station flsport NIM.?T7

54@se footnote 1, paSS 10.
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Pentae. 4 thritol Trinitroacrylate (PEM1IN cya te)1 AMCP 706-177
('frmnitroxypentaery~tritol AM

Cop tle:~ue&elh:(C 8 H1 1 113 011 )32

C 29.5 O1VgSOR 116140CO:
2~0N02  C0 2 %9

H 3.4 1 CO % -12
01i2 CH0-C0 20-n2 ;-w 2 vNO2N 1.2.9 Duensity: gm/cc

0 511.2 CH20N2 Mauling Moit. *t 78 to 79

C/Hl Ratw 0.239 Feamaine Feit: OC

lusgiet Sme.Jtivity. 2 Kg Wt: -n Poles : 'C
Bwmau of Mines Apparatus, cm

Sample Wt 20 og b~ffocfivf ledge. no.
Picotlnny Arsenal App,.eotus. in,

Sample Wt, W.0

Zteel Sham cc/dO Mirs, of
Fiber Shoe 90-C

l001C
IU~e hIll leseet Teeli Trials 2C '

Burned 200 leRIN bomb Seed Yeh
Unaffected SaOd, go"

EprloWe Tgnwovelteo: C Smnell ill # lnkhslONI
Seconds, 0. 1 (no cap used) Minimum Delao aIrV Chorge, gm

I Mercury Fulminate
5Leaw Aside

Is Tgtnjl

20 SIblA&N Msses % THY:

Trama Teoo. % TNT:
7S'C le~e406eeu Neow Teat jw et

%Lass in 48 Mrsph DoTO
_ _ _ _ _ _ _ _ MetOwd

100*C Went YooI: Condition

% Loss, I st 48 Mrs Confined

% w",~, 2nd 48 lHrs Donsity. gm/cc

ExPloslan int 100 Hrs Brisonce, % TNT

Daeteeliew Roles
fluem lty ldge:Confinement

Condition
HyWygemeptity: % Nil. Ow" Diawster, in,

Ve~eu~ey:Densilty, gm/cc
Rt eot, merters/second
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AMCP 706&177 Pentserythritol T-initroacrylate (PETRIIN Acrylai~l

Pr~ementatle. Tert: Skep~d Cheqre I'loctivenesp. THT 100:

90mo HE, 10711 Projectile, Lee WC-9l: Glass Cones Steel Cones
Density, gm/cc Hole Volume
Charge Wt, lb Hole Depth'

T"te No. of Fuegm~nh: omWit
For TNT
For Subjea~ HE

Poinsipel Uses: Ingredient of composite
3 IncM4k P4. D421U Projectile, Let KC-3: rocket propellants

Density, gm/cr
Charge Wt, lb

Total. No. of pragemh:ios Moh ofLaig
For TNT
For Subject HE -________________________

________________________L~ed~ag Desfty: gm/cc

FeegMeut velocty: ft/se
At 9 ft
At 25% ft Stesege:
Density, gm/cc

Method Dry at temiperaturea below
______________________________________melting point

Blest (Rolefive to TNT) Hazard Class (Quantity-Distance)

AIir Compatibility Group
Peak Pressure
Impulse Exudation .None

Energy

AiCpfvd Hoat of:
Impulse Combustion, cal/gM 2923

Under Waer Explouion, cal/gm 791
Peak Pressure
Impulse
Energy

Uadergroumwd:
Peak Pressure
Impulse
Energy

270
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_entairythritol Trinitroscrylato (PhxN Acrylate) AMCP 706-177

Prparation. (a)

UO,2C(cH2lNO3) 3  * " CSCOCI + C6 15 (Cu3 )2

pentAerythritol scrylyl dimethyl
trinitrate (PkMrN) chloride aniline

M4W 211 MW 90.5 M4W 121

(o2 =oQ)3 Cc120ocC. c6H5N(c113)2H

pentaerythritol trinitrate mono- dimethylaniie
acrylate (PEMN acrylate) hydrochloride

MW 32 5
The original synthesis for TINM acrylate employed trifluoroacetio anhydride and glacial

acrylic acid as the acrylation agent for P'IrIN. Thase two meterials were charged to a re-
action vessel and thv initial reaction wae controlled by the slow addition of PhLTMI at a
temperature of 100 to 15 0 C. Folloving a period of one hou', the batch wva drowned in water,
precipitatink the PETHIN acrylate. This solid van separs'en by filtration, dissolved in chlo.
roform, and neutralized in solution with sodium bicarbonate. The product was then crystal-
li2ed du±,rq a period of 16 hours at 0°0 and dried under vacuum to remove traces of solvent.
The yield for this procteso wea about 60%.

A significant improvement in yield (to obout 74%) and purity (approximately 98%) vae
realized by the substitution of methanol for chloroform and crystall.ization of the product
from the solution without neutralization, residual acid being removed by washing the filter
cake with water.

Ilacause of the high coat and hygroscopic nature of trifluoroacatio anhydride, a new pro-
cess, based on dimethylaniline and aor*yl1 chloride, was considered. This prooeea ia cur-
rently under development in the Rohm and Hoaa Chemical Processing facilities and Is not con-
sidered optimum. Yields averaged 46% and product puritieas averaged 93.5%.

PETRXN Aerylate Propellant.:

PETR= acrylate could be used as a monopropellant because it has a specific impulse of
214 lb-s*c/lb and a burning rate of 0.2 in/sec. The addition of an oxidizer increases both
the iapulmse and burning rate.

A ccomposition which presently appears most promising is as follova:

C9 osition RNH
PErIIN acrylate (> 9T% purity), % 14- binder)
Triethylene glycol trinltrate, % 11.8 plasticizer)
Glycol. diacrylate, % 2.9 crosslinker)
Amaonium perchlorate, % 51.0 ox.idizer)
Hydroquinone, % 0.014 (polymerization inhibitor)

Measured apecific Impulse 238 lb-sec/lb, at density of 1.3.

IReferencei
5 ,

(a) Bohm and Haas Company, Redstone Arsenal Division, Process for the Manufacture of
Pentaerythritol Ietrenitrate Monoecrylate and I'etrin Acrylate Propellants. 12 march 19ý5.

55See footnote 1, page 10.
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AMCP 706-177 tntolite, 50/50; 10/90

Ce,,tiu: Mcui Weiiht:. 10/90

Oxygen BeIonCo:
PETN 50 10 CO, % -42 -68

CO % •5 -21
TNT 50 90

DenOsiy: gr/cc 1.65 1.60

Me tIins Point: 'C 76

C/H Ratio Freessng Ponts 'C

Impact Sensitivity, 2 KV Wt: 50o01/9 3 n46 Po~atl *C
Bureau of Mines Apparotus, cm 34 65

Sample Wt 20 mg Refractive Indea, n,0
Picatinny Arsenal Apporatus, in. 12 14

Sample Wt, mg 15 18 na

nog
Friction Pendulum Test: Vacuum Stability Test: 50/50

Steel Shoe Unaffected cc/40 Hes, at
Fiber Shoe "Unoffected 90"C

1001C 3.0 3.0
Rifle Bullet Impeat Test: 25 Triols, 50/5U 120"C 1+ 11+

% 1351C ....
E•plosions 72
Portials 201 C ....

Burned 0 200 GmA Iso l5e Send Tat:

Unaffected 8 Sand, gm 55.6 49.5

Esplies!io Temperoature: *C., 50/50 Sensitivity to lnhitieole 50/50
Seconds, 0. 1 (no c•p used) 290 Minimum Doterouting Charge, gm

1 266 Mercury Fulminate 0 19'4
5 Decomposes 220 Load Axide 0.13

10 204 T.tvl -

15 197 *Alt1ernlt1ve tratiating chhars,

20 )190 lIO I•stle Mrfal,, % TNT: (a) 126

Toeual Test, % TNY': (b) 122

751C Internetleinl Meet TI es:
9 Loss In 48 Hra Plat Dent T*:.

Method B

100"C Meet Teot: 0 Condition Cant

% Loss, Ist 48 Hrs 0.0 Cotifined No

* Lou, 2nd 48 Hris 0.2 Density, gm/cc 1.66

Explosion in 100 Hrs Voile Brisonce, % TNT 121

Det•enation ete:
Flammability Index: Will not continue to burn Confinement lione

50 O/•o 1 90Condition Nat

None None Charge Diameter, In. 1.0
V tynsity, gm/cc 1.66

Veletlty: Rate, meters/second 7465
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Pentolite, 50/50: 10/90 A C 0.7

Neattr Senasitivity Test, (d) lecompoiaea Ieqe"iMO tO
Condition Pressed Cast Oxygen, atoms/we
Tatryl, gm 100 100 (Z/,oc)

Heat, kilocalorls/maoleWax, in. for 50% Detonation 2.36 2.08 (.AH. kca/ml
Wax, gm Temperature Rang., *C
Density, gm/Cc i. 6o 1.65 Mhass

Heat of:
Cambustia,, cal/gmArm. Pie., Impect Toet- 0~

Explosion, cal/gm 1220
Gas VoILImO, ~C/grn 50% Inart, Velocity, ft/saic 170

Farmation, cal/jrn Aluminwm Flneness
Fusion, cal/gmn

500Ib General Pu,,.. lomb.:
Specific Heet: cal/gm/*C

Plots Thickness, inches

SCo" Ren

4m/

Um Do Tw

Linear %/*CTst

Linar,%/C500-4 General Purpoees Semb weCencrete:

Volume, %/*C Height, ft
Trials

MsrdessMob' 5418:Unaffected

Low Order
Young's Modulus:

E', dynes/cml ih re

E, Ib/Inch9 1O0004 General Vuupeee lomb we Concrete:
Density, /c

Height, ft
Compressive Strength: lb/Inch' 2000-2200 Trials

Density, gm/cc -1.68 Uafce

vapor Pressure: Low Order
0C mm Mercury High Order
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A -.

AUCP 706-177 Pentolite, 50/50o 0,90

Fralmontetlon Testi 50/50 heped Charge Iffectiveseti, TNT 100:
0/0o 10/90 50/50 o25/75

90 vam HE, M71 Projectile, Let WC.-91: Gloss Coles(f) Steel Conas (8)
Density, gm/cc 1.6q Hole Volume 157 105 149 119
Charge Wt, lb 2. Hole Depth 116 116 131 119

Total Ne. of Frgemens:

For TNT 703 YeLlow-hite
For Subject HE 968

9Pcalpel Uses: Shaped chargoe, bursting

3 lack HI, M42A1 Projectile, Loe KC-5: charges, demolition blocks

Density, gm/cc 1.65
Charge Wt, lb 0.872

"Toelel N e. of Fregm e n : M oth " of L a di ng; C s t
For TNT 51Me

For Subject HE 650 o
,_",_Le De•,,y- gm/cc 20/ 10/90

Fragment Veleocty: ft/sec 1.65 1.60
At 9 ft 2810
At 25', ft 2580 Stregse:
Density, gm/cc 1.66

Method

Blest (Relative to TNT): (U) Hazard Closs (Quantlty-Dlstonce) Class 9

Ah: Compatlblllty Group Group I
Peok Pressure 105
Impulse 10T Exudatlon

Energy --

Compatibility .rltit Metals:Mu,0 Ceofl,,d:
Impulse rCfe Copper, brass, aluminum, magnesium,

magnesium-aluminum alloy, mild eteel co',ted
with acid-proof block paint, and ,hild • at.'

Under Watet: plated with copper, cadmium or nickel ore not
Peak Pressure affected. Zinc plated steel in only slightly
Impulse affected.

Energy Wet: Stainless steel, aluminum and mild
steel coated with acid-proof black rtint are

Underground: not affectae. Copper, brass, magnesium, mag.
Peak Pressure nesium-aluminum alloy, mild steel and mild

steol plated with copper, cadmium, zinc or
Impulse nickel era slightly affected.
Energy Effect of Teperture on (h)

Eutectic Temperature, R.C:" 765Pt 0,D tnatiT16 hr at, °c .5 0 • 21
am PET../IO ra z, Density, gm/cc 1.67 1.66

760 C 13.0 Rate, m/sec 7470 740
950C 45.3
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Pentolite, 50/502 10/90 AMCP 706-177

Preparation:

Pentolite is manufactured by either the slunry meth'd or coprecititation of PEMN and TNT.
In the slurry method PETM, in water, is stirred and heated above 80UC. TNT in added and when
molten, it coats the particles of PETN. The slurry Is cooled with rapid stirring and the sepa-
rated granules are collected on a filter and dried below 75OC.

In coprecipitati%n, PEW and VT are dissolved separately in acetone. The solutions are
mixed and the explosives are precipitated simultaneously by pouring the mixed solution into
cold water under vigorous agitation. The precipitated solid is collected on a filter and
dried In air.

Standardized during World War II. with the 50-50 PE•N/T mixture being the more Important
* for bursting charges and booster-surround charges.

* References:.
5 6

(a) L. C. Smith and Eo G. Eyster, Physical Testi of losives Part •II - Miscellaneous
Sensitivity Tests; Performance Tests, OSRD Report No. 57 , December 1 5.

. . (b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Sacond Revision,
A•- NAVORD Report No. 87-46, 26 July 1946.

(c) D. P. MlcDougall, Methods of Physical Testing, 0SRD Report No. 803, 11 August 1942.

(d) L. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetryl in Boosters, NOL M,,v 10,303, 15 June 1949.

j94e) w. R. Tomlinson, Jr., Blatrt Effects of Bomb Ebcplosivea, PA Tech Div rActure, 9 April

(f) Eastern Laboratory, du Pont, Investigation of Cavity ffect, Sec III, Variation of
Cavit Effect w-ith ExPlosive Coposition, NDRC Contract WbOR-5723.

(g) Eastern laboratory, du Pont, Investigation or Cavity Effect, Final Report, Contract
W-672-ORD-5723, E. lab, du Pont, 18 S m"

(h) W. F. McGarry iand T. W. Stevens, Detonation Ratea of the More Important Military Explo-
sives at Several Different Temperatures, PA-TR No. 23-3, November 19b6.

(i) Also see the following Picatinny Arsenal Technical Report on Pentolite:

0 1 2 8

1360 1291 1212 1133 1284 1325 1436 1477 1388
1420 1451 1262 1193 2004 1466 1677 1598
1570 1651 1372 1213 1796 1737 1668

1363 1838

5 6See footnote 1, page 10.
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AMCP 71064177 PMT (Plentaery thritol Tatranntraet)

Composition- Moleculer Weight: (C5fa'u0i 2) 316

ON19 Oxygen 11116n6046C 9012Co., 96 -10
Hi 2.5 CH2 co % 15

N 17.7( 0 2 N-H C 2 LCH 2 -01402  Dielsty: gm/cc Crystal. IM7

0 60.8 &2 Makting Peoints *C14

C/H Ratio 0.1314 2~0 Feoaxial Paint: IC

*Impact Sensitivity, 2 Kg Wt. Bila 5 106*1M P In C
*Sur~au of Minos Apparatus, cm 1T

Sample Wt 20 mg Refractive Index, n?
Picatinny Arsenal Apparatus, in, 6

Sample Wt, mg 16 na

Mcimn Pendulum Tesl: Vacuum Stubillity, Toost
*Steel Shoe Crackles cc/40 I-nr, at

rPibor Shoe Unaffected 90*C
Rilegllt mac Ta: Tils* 001c 0.5
Ril ultIpc et ras120'C 11+

9615*
Explasion& 100 l5
Partial$ 0 1504C

Burned 0 200 Grain leah Sand Test:
* ~ a~~ad ~ r~pp 0, Sausd, gmn 62.7

Explosion Temperature: C Sensitivity to iniwteldeat
Seconds, 0. 1 (no cap used) 272 Minimum Detonating Chaige, gm

1244 Mercury Fulminate 0. 17*
5 Decomposes 225 Lead Aside 0.03*

10 211 T-
15 44Alt~e;'!t~iye initifitine r'harans.

20 BalIlisetic Metter. % TNT: (an)14

75CInenaina ex essTravel Teot, % TNT: (b) 17(3

06 Loss In 48 Mrs 0.02 Flats Dent Teat: (c)
Method A

W, C "*el Teot: Condition Pressed
*6 Lass, Ilit 48 Mrs 0.1 Confined yes

% Lou, 2nd 48 Hrs 0.0 Density, gm/cc 1.50
Explosion in 100 Mrs lione Orisonce, %96 TNT 129

Detenetiee Rates
Fianmehbiity Index: Will not continue to burn Confinemant None

HY1441iY- 3',9ý Z 00Condition Pressted
Hygesciely: 6 00C 90 ~ .0Charge Diameter, in. 1.00

Vltlt:00Density, gm/cc 1.T0
Vellilty:0.0Rota, meters/second 8300
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PMT (Pentseorythritol Tatr'enitraet) AKCP 706477

Ue~tow'S..itivity Teal: (C) f Decompoeiti E.quation: (e (e) Wt

T~trl, gn 5(Z/saC)
TWtrx, ingm 0 Dtnto Heat, ki loca lorie/mnole 4T.0 50.9 52.3

Waxin. or 0% Dtonaion(.AH, kcai/rnol)
Wax, gm 3 Temperature Range. -C 161.-M 108-120 137.157
Density, gm/cc 1..6 Phase Liquid Solid At melt- -

ing point
""ot of-

Combustion, cal/gmn 1960 Amaer Plot Impact T"#t:

w .polion, Cad/gm 1385 60 mm mai.. Proecotile:
Gas Volume, cc/gm 790 50% Inert, Velocity, ft/se

* Formation, cal/gm 383 Aluminum Fineness
Fusion, cal/gm

S00-lb Gassavui Purpose IBombei
Specific Heat: cal/Gm/*C (d)

Plate Thickneis, inches
Room Temper'ature 0.4,6

1 V4

Burning Raes.
cm/sec

Bomb Drop Teais

Thermal Coaduvtlivlls T77, 2W0.4lb SeiAme-i. a~ ob ws Cewaw:i
cal/seCm/'Cm

C~officlent af Enponsisaln Max Safe Drop, ft
Linear, %/'C 500-lb GeueuoI Purpoe Bomb vs Casete:

Voiume, %/'C Height, ft

"erjo", Mm' salax1.9Trials
Heu'saee, Me,.' aha:1.9Unaffected

Yeamill's Modulusta Low Order

E', dynes/cm' High Order

E, lbinch' 100Ills Gone,.i pups lmb vs Cwot
Density, gm/cc

HeigHt, ft
Campmeslva SiSthegts lb/Inch%2  Trials

________________________________ Unaffected

VOW Frsvr Law Orde'r
4Cmm Mercury High Order

V77

oil I -swi
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.. 1,- . --

AMCP 706-177 PETN (Pentaerythritol Tetranitrate)

Fragmentation Test: Shaped Charge Effectiveness, TNT 100:

90 P.M HE, M71 Projectile, Lot WC-91h Glass Cones Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hole Deptn

Total No. of Fragments: Cole.:

For TNT

For Subject HE
Principal Uses:

3 inch HE, M42AI Projectile, Lot KC-5: Class A - Detonating fuse and boosters

Density, gm/cc Class 3 - Prining compositions

Charge Wt, 1b

Totel No. of Fragments: Method of Leading:

For TNT

For Subject HE .Loading Density: gm/cc psi x 103

3 5 10 20 3o 4o
Fragment Velocity: ft/sec 1.37 1.58 j..64 1.71 1.73 1.74

At 9 ft-,

At 251,t ft Storage:

Density, gm/cc
Method Wet

Mest (Relative to TNT): Hazard Class (Quuntity-Distance) Class 9

Air: Compatibility Group Group M (wet)
Peak Pressure

Impulse Exudation, None

Energy

Air, Confined. Bulk fIodulur at Room (i)

Impulse Temerature ,25 -30 C):

Dynes/cm2 x 10-I0 4.60
Under We, Density, 6m/cC 1.77

Peak Pressure

Impulse

Energy

Uadergrouind:

Peak Pressure

Impulse

Energy

278
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PETN (Pentaerythritol Tetranitrate) AMrP 106-177

Comp~tibility with Metals:

Dry- Copper, brass, aluminumr, magnesium, magnesiam-aluminum alloy, stainless aceel, mild
steel, mild steel coated with acid-proof black paint and mild steel plated with copper, cad-
mium, nickel or zinc are not affected.

Wet: Stainles steel is unaffected and aluminum only vary slightly so after prolonged
storage. Copper, brass, nmagnesium, magnesium-aluminum nlloy, mild steel, mild steel coated
with acid-proof black paint and mild steel plated with cadmium, copper. nickel or zinc are
affected.

6ensitivity of PETN to electrostatic discharge, Joules; Through 100 Mesh, (g)

Unccufined m.06
Confined 0.21

Solubility, grams of PEII' per 100 grams (%) of: (h)

Triýhlorethylene
or Alcohol Acetone Benzene Toluene

o_ ,. oc oc
0C 1 0 C 0C

0 0.070 0 14.37 0 0.150 0 0.150
20 0.195 20 24.95 2o o.450 20 0.430
4o o.415 40 3o.56 40 1.160 40 0.620
6( 1.205 60 42.68 80 7.900 60 2.49o

80 5.850
100 15.920
112 30.930

S-Ethoxy-e.ayl-
Methyl acetate Ether acetate C1.lorobenzene

_ . oC o
c oc

20 13 0 0.200 20 1.5 20 0.35
30 17 20 o.34o 3U 4.1 30 2.8
40 22 34.7 o.45o 40 7.6 4o 6.1
50 31 50 11.2 o 9. 2

60 14.2 60 12.2

Carbon
Ethylenedichlorlde Methanol Tetrachloroel.hane tetrachloride

10 0." 20 o.46 20 ".18 20 0.096
30 1.5 4o 1.15 30 0.-7 30 0.103
50 2.6 60 2.6 40 0.40 40 0.118

50 0.58 50 0.121

279
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AMCP 706-477 nM (pentaercthritol Totreiitrte)

Isopropanol Isobutanol Chloroform TNT (.

oca 0 C c

15 0.02 20 0.27 20 0.09 80 19.3
20 0.OL 3 0.31 5 25.0
30 0.15 o 0.39 90 BM.
40 o.36 50 0.52 95 39.5
50 0.46 100 48.6

105 58.2
Eutetic of the system PEN-TNT is about 13% PETH 110 10.0
and 8% TNT at 76 0 C. 115 87.8

iW 115
125 161

Re.ýParetiokl:

(Nitroglycerin and Nitroglycerin Explosives, Mount)

8H,0o + CcN3 + C(0H) 2 --6 2C(C0) 4 + C&(Hoo) 2 c(c 2 oH) 4 + 4m•o 3 -.,, c(o 2 0No 2 )14 + 4&2o

I. In this preparation 1940 gm of tormeldehyde and 600 gm of scetaldehyde are dissolved
in 90 liters of water containing 1600 ga suspended slaked lime. The re~ction is complete in
obout 3 weeks if agitated several times a day. The solution is filtered, the calcium formate
precipitated with oxalic acid, filtered off, and the water removed under reduced pressure.
On cooling the mothir liquor about 1200 gm crude pentaery-thritol, melting point 2350•240 0 C
are obtained. Pwlrfication is readily effected by stirring with a little alcouol, filtering
and recrystalliza.ion from water.

2. To 400 cc of strong white nitric acid, are added 100 gm of pentaerythritol (through
50 mesh)p at 50C or below, under good agitation. After addition in complete stirring, at
50 C, is continued for 15 minutes. The mixture in drowned in 3 liters of ice-vata,_, filtered,
the product washed free of acid with water and then digested 1 hour in 1 ii er of hot 0.5%
sodium carbonate solution. The pzrduct is filtered, and recrystallized from acetone.

Origin:

PETS was known as an explosive in 1894 when it was proposed as an addition to smokeless
powdars to raise their flammability and ease of crbustion (Gorman Patent 81 664 (1894)..
Modern methoOs of preparation are. described by Vignon and Gerin (Compt renri7 590 (!•01)
an' Ger-" Patent 265,025 (1912) and A. Stettbacher (Z ges Scbiess - Sprens•---V 11, iL;
182 (1916) and L4, 259 (1929)). PETR was not used on a practical basis until after-World War I.

Destruction by Chemical 'ecomposition:

PETS is deccoposed by dissolving in 8 times its weight of technical grade acetone and burn-
ing the solution in a shallow container. If preferred, varm the acetone solution to 04oc,
stir and add 7 parts by weight, to each p,%rt of PETM, of a solution of 1 part sodium sulfide
(I•&2 89H 0) in 2 parts water neated to 80' C. The aqueous solution should be added at such a
rate thas the acetone solution does not boil. After mixing is complete continue stirring for
one-half hour.
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PET (Pentaery-tritol Tetranitrate) AMCP 706177

References:
5 7

(a) L. C. Smith and E. G. Eyster, Physical Testing of Pcplonives, iart III - Miscellaneout
SensitivityTests; Performance Tests, OSRD Report No. 57•4,27 December 1944.

(b) Ph. N.oum, jes -hiess - ijrrengstoffy, pp. 181, 229, 267 (27 June 1932).

(c) D. P. MacDougall, Methods of Physical 'I'eating, OSRD Report No. 803, 11 August 1942.

(d) International Critical Tables.

(M) N. 4. Cook and M. T. Abegg, "Isotherml Decomposition of Explosives," University of
Utah, Ind & Egg Chem, (June 1956), pp. 1090-1095.

(f) A. J. B. Robertson, "The Thermal Decomposition of Pentaez-thritol Tetranitrete, Nitro-
glyccrin, Ethylenediamine Dinitrate and Ammoium Nitrate," J Chem Ind 67, 221 (1948).

(W) F. W. Brown, D. H. Kusle- and F. C. Gibson, Sensitivity of Explosives to Initiation
by Electrostatic Discharges. U.S. rept of Int, Buresar of Mines, RI 3652, 1940.

(h) Various sources in the opon literatuie.

(i) W. S. Cramfin, Bulk ComreusibiIlly, DLýa on Several High Lxploslvem, RAVORD Report N"o.
4380, 15 September 195ý=

(W) Also see the folloudug Picatinny Arsenal Technical Reports on PEW:

0 12 I i 2
r~n 1041 7T72 43 90q4 135 1246 40T 318 1379

117o 13.1 922 863 127T4 1325 1276 527 83e 1429
126o 1381 182 1o63 1284 144,5 ý16 857 1238 1489
1290 1451 1192 1133 1414 170T5 1376 124T 1318 1559
1300 1561 1212 1253 1885 1446 15rY 1388 2179
132M 1611 1262 1343 21.25 1456 1617 1568
1360 1651 1342 1493 146 1737 1598
1380 1352 1533 156 1797 1838
1390 13T2 17T9 21T8
143D 1452
1450

57Sss footnote 1, page 10.
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AMCP 706-177 Pcreamide (TA) (2,4,6-T•rinItroanilAne) (

Composition: Meckular Weig•h: (CO6H1 406) 228

C U.-5 NE.2  Oxygen Gele0C#.
CM= % -56

H 1.8 02 N NO2  CO % -14

N 24.5 Density: gm/cc Crystal 1.76

0 42.2 NO2  Melwg Poat: 'C 189 to 190

C/H Ratio 0.500 Fresaliq Polnt: "C
lmpacv S fdt'fty, 2 Kg Wt: u~,i's Point: 'C Decomposes before boiling

Bureau of Miners Apparatus, cm poInt

Soe"ple Wt 20 mg P"Itrectke I*e&, ng0
Picatinny Arsenal Apportus, in. 23

Sample Wt, rovg 20

nog

FActdm, Peedehem Teda: Vegudwe Steiy Teoo.

Steel Shoe cc/140 H, at

FPim Shoe 901C ....

I-00C 0.9
RifAl Bullet Impect Teo: Trials 120C

E n% 135"C

Partials 150
0C

Burned 200 Grew, emb Send Teat:

Unaffected Sand, qm 48.1

Expl*elas Temuperatrve: C S teiy te @lehl*

Seconds, 0. 1 (no cap used) Minimwn Detonating Charge, gm

1 Mercury Fulminate ....

5Load Asidle 0-3U
10 Tetryl

15

20 UelP. -- k me ,t' % TN7: 100

Treuxi Teo, % TNT: 107

75"C Intrume$esel Heel Teol:
% Lass in 48 Hrs

Method

100C fleet Teat: ConditiOt

% Loss, lst 48 Hr1 Confined% Los, 2nId 48 Hrs 
Density, gm/cc

Explosiom in 100 Hrs Brisonce, N TNT

FlemmeNllhty I6deu: Confinemeut None

Condition Pressed
Hygrosloee ltjv: % Charge Diameter, In. 0,

Density, gm/cc I.72
Ve1.1414t: Rate, nweters./won4 T3010

"i62F
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Picramide (TNA) (2,4,6-Triritroaniline) AMCP 706-177

Fuemoifltoa wOO. Sop Charge Effectiveness, TNT =100:.

90ma H'E, M71 Projectile, Lot WC-91: Glass Cones Steel cone.
Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Total No. of Fragments: f o
For TNT
For Subject HE

Principal Uses: High temperature heat
3 Intis HE, M42AI Projectile, Lot KC-S: resistant explosive

Density, gmn/cc
Charge Wt, lb

Total No. of FragmeatmahdofLelg
For TNT Mto fLaig.Pressed

ear Sujbject HE

_______________________________________ LoadIng benst": gm/cc

Fregmowot Velocity: ft/sec At 50,000 Pat 1.72
At 9 ft
At 25%'j ft storage..

Density, gm/cc
Method Dry

lima (Reastive to TNUh Hazard Class (Quantity-Distance) Class 9

Ak- Compatibility Group Group I

£ ~~~~Peak Presisure EuainNn
Impulse EuainNn

Energy _ _ _ _ _ _ _ _ _

Alt enfladaSolubility-
Impulse

Insoluble in water, slightly soluble in
alcohol and ether. Soluble in hot glacial

Under Waetr: acetic acid, hot ethyl. acetste and in benzene
Peak Pressure and acetone.
Impulse

EnergyHeat of:

Combustion, cal/gm (a) 2962
UM~dergreftod: Explosion, cal/gM 564

Peak Pressure Formation, csal/gm (a) 131
Impulse
"L~roy

28.3
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AMCP 706-177 Ficrwamde (TA) (2,4,6-Trinitroaniline)

Preparation:

"Five grae of picryl chloride were dissolved in 180 milliliters of absolute mothanwl.
The solution hue then saturated with anhydrous, gaseous ammonia. The time required ve
approximately )J minutes. The amino derivative precipitated in 74, yield (3.6 gm) melting
at l901C (literatral MP 189"C).

Origtn:

Picramide (2,4,6-trinitrondiline) was first prepaeid in 1854 by Pisani who treated picryl
chloride with ammonium carbonate (CH r,, 853). The use of picramnde, as a brisant explosive,
vas patended by Cnemische Fabrik Grie-seim 26 by 1894 (Germ•n Patent 84,628). Meisenheimer
and Patzig reacted trinitrob.tnzene vith hydrowlamina in cold alcohol solution to obtain
picramide (Bar U, 2534 (1906)). Witt and Witte obtained the compound by nitrating a solu-
tion of aniline in glacial acetic acid or concentratad ýýS0 at about 5OC "ith concentrated
NO3 (Baer 41, 3091 (1908)). Holleman gives details of a prep ation from p-nitroanillne

itxjd from se-tanilide (Rec tray chum ý2, 112 (1930)).

Reference:
58

(a) William H. Rinkenbach, "The Heats of Combustion and Formation of Aromatic Nitro

Compounds," J o Chem Soc L2, 116 (19D).

58ao. footnocte 1, Pale 10.
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Picratol, 52/48 AMCP 7064177

~Of~pO~tlfltMolecular Weaglk: 230

Lxpoaie D 52Oxygen SeIsI e
~xposie 1 52CO' % -63

TT48 CO % -19

Density. gm/cc Coat 1.02

#Asking faimu 'C

C/H Ratio Figezieg Point. IC

:mPact Sensit"vt, 2 Kg Wt. 111411110 eNot: 1C
Bureau cf Mines Apparatus, cm 100+

Sample. Wt 20 mg Refmieciv Imwe, n
Picatinny Arsenal Apparatus, in. 1T

Somplo Wt, mg 19
naG

Filitin Pendulum T*IS yrn.m stsbally Teaw
Steel Shoe Unaffected cc/40 Hmr
Fiber Shot Urnaffected 9O0t

Ril mla 1odTo. Til 00*C 0.37

R i l m i e m e e e t %T i l 1 2 0 * C 0 .6 8

Epoim0 1335C --

Partials 0 150* Ot

Burned 40 200 Gem uembl Send TeIt
Unaffected 60 Sand, Om 1.5.0

Eapleeon Temperehume: *C Sesakhitityftoln'AlO-ee:
Seconds, 0. 1 (no COP used) 4.56 Minimumn Detonating Charge, gm

1 354 Mercury Fulmloate
5 Decamposes 285 Loa Aside o.20

10 265 TalO. c5
15 260
20 255 elolele Momtev, % THTs (1)00

Treval T~et. % TNT:
75'C lntwrnettinel "eso Teat:

% Lo~s in 48 Hrs 0.0 PWODentTeag" (b)
Method B

100C Hoet Toot: Condition Cost
% Lous, I st 48 HrI 0.0 Confined N

% Losu, 2nd A8 Mrs; 0.05 Oenslty. V'/cC 1.63

Explosion In 100 Mrs Nonat Brisonce, % TNT 100

"IsasllCetenei hatlen lewe (b)
'Iemel~y ndx:ConfInernenton

HyfCktl% 30,9%R .2CondtIon cast
HV~OO4,491; 30C~ 0% ~( .02Charge Domwfter, In. 1.0

Densitygf/cs 1.63 _

Rae mw.---o-omm- 6m.-
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AXCP 706-177 Picratol, 52/48

Fregmea# a T~es: •ShPed CM e Effectivenm, TNT= 'to:

90 mm HE M71 rFejeale, Leo WC-91: C-Jea Cones Steel Cores

Density, gm/cc 1.61 Hole Volume

Charge Wt, lb 2.075 Hold Depth

TeW No. of Fregmeal.:

For TNT 703 Color Brown-yellov

For Subject HE T69
3 It Mg M4UI Preloo Let KC 1 P'Pelpe Ues: AP, SAP projectilea and bombs

Density. gm./cc 1.61

Charge Wt, lb 0.850

For• TN M ath of Lodees: cast
51 TLr 51el

For Subject HE 48T
______________________________ Loedlag Deaslgo: nm/cc 16

Us"40000 Veseloy. Of/sec
At 9 ft 2590
At 25% ft 2320 S3etee:

ensilty, gm/cc 1.62

Skof (Roikliv to TIM: Hazatd Class (Quontlty-olstjoca) Class 9

Ain CormpaIb~lIty Gr Group I
Peak Pressur 100
Inoulso 100 Exudatlan None at 650c

Preparation:
I "IPulsd Picrttol ic made by heating VT to about

900 C in a steam-jacketed melt kettle. Explo-
sive D in added slowly, without preheating,

U . Wee� and the mixture stirred until uniform in com-
Peak Pressure poal tion. This slurry is cooled to about 8500
"_Impulso and poured into the appropriate ammunition

Engy copoonent.

origin-

Peak Prj e Developed during World War II an an insensi-
Impule� tive, melt-loaded AP bomb and projectile filler

Enr Booster Sensitivity Test- (c)
Bomb Drop Test: Condition Cast

"Tetryl, gm 100
TT, 2D00-lb Semi-Armor-Piercing Wax, in. for 50% Detonation 1.00
Bomb vs Concrete: Denait:', gm/cc 1.63

Max Safe Drop, ft 10,000-12,000

286
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Picratol, 52/48 AMCP 706-177

References: 59

(a) L. C. Smith and E. G. Eyster, Physical lestlng of ELxplosives. Part III- Miscellaneous
Sensitivity Tests; Performance Tests, OSRD Report No. 57W4, 27 December "1945.

(b) D. P. MacDougall, Methods of Physical Testing, ORD Report No. 803, 11 Auguat 1942.

(c) L. C. Smith and S. R. Walton, A Consiieratic- of R•XWax Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949.

(d) R. W. l-sks, Wromient Velocity and Panel Penetration of Several Exýplosives in Simu-

lated Shells, OSRD Report No. 562 , 2 January 1946.
(e) Also see the folloving Picfttinnj Arsenal Techical Reports on Picratol:

0 2
1470 1885 1466 1737 1838 1729

1796 1797
1956

9 footnote 1, paeg 10.
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AMCP 706-177 iiaAd

Coi~pe~OILe M oiWcuer W 'ight: (C6 H 3 30T) 229

C 31.5 Oxyleis lelenie;
Cos% -45

H 1.3 0 2 N NO 2  co % -3-5

N '18.3 '<A1 Dewus": gm/cc Crystal 1.76

1 48.9 ma*tia Point: IC 1.22

C/H Ratio o.656 X2 Feivotga Point: 4C

11""dc Sensitivity, 2 Kv We: "elNot Point: *C
Bureau of Mines Apparatus, cm 85

*Sample Wt 20 mg Refractive Intlex,no
Picatinny Arsenal Apparatus, in. 13

*Sample Wt, mg 1T7 1

Friction Penduulum Too:a voao Stebluty Tooe:
Steel Shoe cc/40 ..... a
Fiber 0ho.2*

Aifle 11"1114 Iewpoct To*: Trials io .

sxplogkxu 0 3*
Partials 60 ____5_______1_______

Burned 260 noe 3.nh s Send Toots
Unaffected 0 Sand,g orn48.5

1pleoslef Tempieueuue: C SenltfVt to Inlw~ketin
Seconds, 0. 1 (no cap used) Minimum Dotonoting Charge, gmn

I Mercury Fulminate 0. 26*
5 Decouposeu 320 Load Axlde 0. 24*

10 I T~t
15 1 Alterentative Initiating charges.
20 *ellls#4 MeeteV, % TrNT: a)11

Tred ea, TT~ (Q) 1012

75. C lnter0el*e6I Hoea T@Wt Prvlat D Test, N: (b)10

%Lous In48 Hrs 0.05 Pf etTo c
Method A

100 C Hoee Toot: Condition Proesed

% Lou, 1st 48 Hrs 0-03 Confined No

% Loss, 2nd 48 I-rs 0.09 Density, gm/cc 1.50

ExPlosion, in 100 l'1*s None Brisofte, % TNT 107

- ie"eb~t ndx Detonation Rfte: (d)
FleuneblkyIndi:Confinemeint Uncoufined

y-sokt:% 0Condition Pressed Cost
Hy~'ue30ty % 0C, 90% lR( 0.04 Charge Diameoter, In. 1.0 1.25

v"Otllty: Density, gm/cc 1-64 1.71
Rote, meters/second 5270 7350

Downloaded from http://www.everyspec.com



?icric Acid AMCP 706-177

3oo0ste Sofutimvity Test: (a eep asi. quotle:
C.ondition Pressed Cost Oxygen, atoms/sec

Tetryl, grn 10 5 (Z/sec)

Wax, in. for 50% Datonotlon Heat, kilocolars/malo
(414, kcal/mol)

Wax, gr'1 2 0 Tem rature Range, OC

Density, gm/cc 1.6 1.7 Ph*s

Heot of:
Combustion, cal/gm 2672 Anerw P Inslmpect Teow.

Explosion, cal/gm 1000 40 M Motor Prajo:

Gas Volume, cc/gm, 6T5 50% Inert, Velocity, ft/sec
Formation, cal/gm, 248 Alurninu,, Fineness

Fusion, cal/gm O 20.4
Temnperature, 122 500-1b aseeml Ptups llemibe:

Sp,.lwi: Heto: Cal/gm/tC (e)
°C Plate Thickness, inches

-6 0.235
30 0.258 1
60 0.282
90 0. 310 11/4

120 0.337 1%

1%
Buvwim Roe:e

cm/sec
lomb Drop Tool:

Tbrmol Coedoed (f
col/sec/cn/*C 6.24 x 10- TY, 2000l Semi-Amm-Pl.emlrleg lomb v-. Ce•s4t,
Density, gm/co i.4o0

Cooffle it eo hbpe"0 MaIx Safe Drop, ft

Linear, %/C 500-b Genseral Pupoe Bomb V's Consemto:

Vo~um, %/*C Height, ft

Skl2Trials

Unaffected

Young's Modu.k;l Low Order

E, dynes/cm, High Order.

,Height, ft

Ceoprleleve SrM l: Ib/inch' Trials

Unaffected

Vapo Preesure: Low Order
"C mrm Mercury High Order

195 2
255 50
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II

AMCP 706-177 re.c<ic Acid

Frogmontetio To.w. Shed Cher ff tlreftmdt, TNT 100:

90 mm HE, M?7 Projectle, Lot WC-91t Gol" tor Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb lole De.f

Totel No. of Fulgm mColo Yellov
For TNT
For Subject HE

PFrsdiel Ues: Formerly projectile filler,

3 inch ME, M41AI Projetletol+• KC4: nov explosive edmixt,•re; and for tne
DensityHE, gM4A manufacture of Explouive DDensity, gm/cc

Chorge Wt, lb

Tetl No. of FraeqwmMt: / f Lo,,,• s Pressed

For TNT

For Subje-t HE
Le""i~ Domk,: gm/cc Pei x 103

Ff"Menb3 5 10 12 15 2/

At 9 ft 
"

At 25%,/ ft

Density, gm/cc

Most (Relateve to THM Hazard Clau (Quonrtity-Dilstance) Clias 9

Air. Compatibillty Group Group I
Peak Pressure

Impulse Exudation None

Energy

Ait, Cemflase:
Impulse

Unde, Water:
Pock Pressure
impulse
Eneigy

Uedeapnmd:

Peok Preuure
Impulse

-nergy
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Pia-.o Acl4 AMCP 706-177

Solubilty, grAms per 100 gr t- of (g)

Water Alcoho:,. Benzene Toluene Ether

(C C OCLCC
0 0.85 0 4.5 0 -- 2 20 - 13 20 -,3

20 1.17 20 6.9 20 9.6 60 -"30 34.7 3.96
4o 1.88 4o 12,0 40 27.5
60 2.98 60 59
80 4-5

100 7.1

Carbon
Chloroform Ethyl acetate te~tamhoride Pyridinie Acetoneo -0

20 2 20 42 20 0..07 10 214 20 125
60 30 50 6o -o.4 30 37.5 30 137

40 58 50 58 40 164
50 69 50 208

Methanol .sop'ropyl, alcohol Provenol-i OCnbon diaulfida
. _°c 00 --° O -° _

0 14 i0 6.4 0 2.4 20 0.12
20 19 30 9.8 20 3.3 30 0.16
40 31 5o 15.5 40 5.4
50 413 50 7.14

Prypamtion: (su.ry•P• port of "Kc, Div 8, Vol 1)

C6 + + Hg(N3o2) C054003  'M03  (1)

C65; ' N2014 -. C6H5N0 + AS(ZN0 3) 2  (2)

C6 fl5 lf + 250 1C 6H5 Nj03  (3,L)

C0 5 V'03 + %o0 -- - M o +" 2 cM0o (3b)

C6H501 + HNo3  HP0 2iIC~e40K + H20 (30)

C62i5NO 0WO3  02 NCO140U (14)
c'datou and rearrangement

02NfC60H + HN03  me~ (02N) 200I3011 + 120 (5)
. (o2N) 2•c• f o + H • . (o2 N)3c6 1o20 + 10 (6)
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AMCP 706-177 Picric Acid (

The two variablea of greatest importance in this process are nitric acid concentration and
the effective concentration of benzene (i.e., benzene dissolved in the oxynitration solution).
The optimal concentration of nitric acid is in the range 10.4 to 11.6 molar (or the equivalent
of 50% to 55% by weight for pure acid). The acid concentration greatly inf.uences the over
all rate of reaction, below 10.4 molar the rate falls off rapidly, while above 10.4 molar the
rates of both the oxynitration reaction and various side reactions, such au direct nitration,
increase rapidly. The range mentioned above seems, in general, to give the :Lowest proportion
of neutral nitro-compounds to nitro-phenols with, at the same time, an adequate rate of oxyni-
tratiuc. The oxynitration solution must be fortified frequently, or, preferably, continuously
with ni- rc acid. Str.ngths of nitric acid between 95% and 98% are best, due to the cmaller
increase in reaction volume than if weaker acid were used. The use of absolute nitric acid
requires that its direct contact with liquid benzene be avoided.

The effective concentration of benzene is probably tha most critical variable affecting
the proportion of neutral nitro-compounds to nitrophenols and amounts of colored by-products.
Saturation of the oxynItration solution with benzene is undesirable and thus in batch processes
slow benzene addition is preferable to the addition of it in one portion; in continuous pro-
cesses where an excess of benzene is used the rate of agitation is import=t.

The concentration of mercuric nitrate catalyst does not appear to be a critical factor
over a fairly wide range. Concentrations of 0.37 to 0.5 mole of mercuric nitrate per liter
of orxnitration solution have been found to give satisfactory results in most cases.

A continuous process, known as the continuous solution process, works on the following
cycle. The o)qnitration solution is saturated with benzene by vigorous agitation with excess
benzene at room temperature, the saturated solution is separated from excess benzene and cir-
culated through a heated coil; it is then cooled to room temperature and agitated again, with
benzene, which extracts the organic product and resaturates the oxynitration solution. In
evaluating this process, the rate of formation of di.nitrophenol per liter of reacting solution
in the coil is determined; 70 gm of dinitrophenol per liter per hour is representative perfor-
unce. The dinitrophenol is, of course, nitrated to picric acid.

Picric Acid was first rrepared in 1771 by 'Woulff who found the reaction of nittic acid
and indigo yielded a dye. Ix*-smarn isolated Picric Acid in 177 and studied it further
(Journal de physique ý2, 165 (1788)). The preparation was studied by many chemists but in
1841 IAurent established its identity (Ann chim phys III, It 221 (1841)). It was used as a
yellow dye until Thrpin, in 1885, proposed Picric Acid as a bursting charge for high explosive
shell (French Patent 167,512). The British adopted Picric Acid as a military explosive in
18M- under the name of lyddite and other nations soon began to use it as the first melt-
loaded high explosive. Mixtures of otbnr explosives and Picric Acid were developed until it
was graduplly replaced by TNT about 1900. Today Picric Acid is used for the manufacture of
Explosive D.

Destruction by Chemical Decomposition:

Picric Acid is decomposed by dissolving in 25 timeb its weight of a solution made from
1 part sodium hydroxide and 21 parts sodium sulfide (Na2 S'912 0) in 200 parts -)f water. Some
hydrogen sulfide and ammonia are evolved.
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Pi•ria Acid AMCP 706-177

References: 60

(a) L. C. Smith and E. G. Eyster, Mrical Testing of Explosives, Part III - Miscellaneous
Sensitivity Tests; Performance Tests, OSRD Report •o. 574b, 27 D1cembcr 19T5.

(b) Ph. Naoum, Z es Shee-sorngtoffy, pp. 181, 229, 267 (27 June 1932).

(c) D. P. MacDougal1, Methods of Phys-cal Testing, OSRD Report No. 803, 11 August 1942.

(d) G. H. Messerly, The Rate of Detonation of Various Explosive Compounds, O0SD Report
No. 1219, 22 February 1943-

M. D. Hura-itz, The Rate of Detcnation of Various Compounds and Mixtures, OSRD Report
No. 5611, 15 Jan ry 19b.

(e) International Critical Tables.

(f) E. Hutchinson, The Thermal Sensitiveness of Explosives. The Thermal Conductivity
Explouive Materials, AC Report No 261, First Report, August 1942.

(g) Values taken from various sources in the open literature.

(h) Also "* the following FPctinnsy Arsenal Techuical Reports on Plcri: Acid:

1651 132 1383 694 65 266 1347 1118 1549
582 764 425 556 155T'

1172 874 1585 926
1352 976
1372 986

1556

0See fOothoa i, pege to.
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AMCP 706-177 bPIPE

Campouitio: Moleculr Weight: 5310

Oxygen sale;ce:
FM 81 Co=. % -74

Co % -31
Gulf Crown E 01 19

Wshy: gm/cc Hand tamped 1.35

Malting Point: 'C

C/H Ratio Pressing Point: "C

Iloed, Sensitivity, 2 Ki Wt: selling Pist: 'C
Bureau of Mines Apparatus, cm

Sample Wt 2Z mg Refractive lalux, no
Pkatinny Arsenal Apparatus, in. 1

Sample Wt, mg 27 rim
L ~n.

Frctie. tFo.dlums Teet: Vacuum Stlty Teet:
St#-" .-, Unaffected cc/40 Hrs, at

Fiber Sho# Unaffected 901C
10"1C o.48

Rif. sells# lovedt Teat: Tvals 120QC 16 houzla 11+
% 135'C

Expl.,ions 0
P -0 15'CC
Burned 0 200 Caeso be" Seed Too:

Unaffeced 1,00 Sand, gm 1.6

Explosion Tempersture: C Safeeitivty to Initition:
Seconds, 0. 1 (no cop used) Minimum Detonating Charge, gm

Mercury Fulminate 0.20*
5 Decomolses* Lead Aide , 020*

10 *Alteative initi•a•tIng charge..

20 leillikl Meater, % TIhT:
*No value obtained.

Trowel Test, % TNT:
75C Internetional Heet Test:

% Lcai in 48 Srs Plte Dent Tot: (a)
Moohod B

1OQ'C Heot TJit: Condition Hand tamped

"* Loss, Ist 48 Hrs 0.17 Confined No

"* Lo•s, 2nd 48 Hrs 0.00 Density, go-n/cc 1.33

Explosion in 140 Hrs None Brisance, % TNT T6

DeeeleRet.:
Flammabilty index: Confinement None

Condition Hand tamcped
HyF,,Wy,-.:city: % 30°J, 90% RH 0.02 Charge Diameter, In. 1.0

Density, gm/cc 1.37
Rate, meters/second 7075
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f.-

PIPE AMCP 706.-177

Fralweeetia Town: Slhope Cher" Elfectivenss, TNT = 100:

90 m HNI, M71 Prjlctik, Ls* WC-91: G•c-7 Cznes Steel Cones

Density, gm/cc 1.33 ole Volume

Chorge Wt, lb 1.723 Hole Depth

1Tota Ne. N o. # F eCme ll:
For TNT 703
For Subject HE 519 FSlmbetE5 Unse: Plastic demolition explosive

2 Ibk ME. M42A1 Projeste, Let KC-1:
Density, orm/cc 1.39
Charge Wt, lb 0.T35

Te1.T Ne. of Fem*eel:. ST5Methodof Lolas: Hand tamped

For Subject HE 428
e yLodle Density: gm/cc 1.35

frepo Veloity:ft/sec
At 9 ft
At 251/2ft Seee
Desity, gm/cc

Bleea (Rela.e ft TMTh Hogrir %..Iiw, (Quantity.Distonce) Class 9

Air: Copatibility Group w: oup I
Peak Pressure
Impulse Exudation
Energy

Air, Coofineds Origin*

Impulse PIPE, a mecha•ical mixture of PETh and Gulf
Crown E Oil, van developed In the United Statee

U*er We~e during World War II.

Peok Pressure References: 61

Impulse (a) L. C. Smith and E. G. Water, Pyscal

Energy Testingof Explosives, Part :II-Miscellaneous
SIN Teat Performance ests, OSHP Re-

Ueport No. 57, 27 December 1945.

Peak Prers (b) S, Livingston, Propertiesofboe~ves
Impulse RPE, PIPE and PEP-3, Pitctiny ArieRTe i-n?

Energy cal Report 1517, 24 April 1945.

Preparation:

PIPE is manufactured by simple mechanical
mixing of PET in oil.

6 1
St t'ootnote 1, P'ge 10.
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AMCP 7*177

Cmpolgions: Molecllc, Weilitk 291

Ox"ge vellexsa
Le~d Nitrate 70 Co2 % -.

CO % +9.3TN 30
Denty: gm/cc

Mekieg Point: IC

C/H Ratio 1eezelg Po.s: 'C

Impect Sesitivity, 2 Kg Wt: IelOeg Point: IC
Bureau of Mines Apparatus, cm --

Sample Wt 20 mg Rmtve inlex, n.O
Picotinny Arsenal Apparatus, In. 13

Sample Wt, Mg 22
nt-

Fdid PQlNNM Te: Vecauvm Stabdl/ty Test:
Steel Shoe cc/40 Hrs, at
Fiber Sho 90C

1GO"¢

IUA Ielkeu lme"t Tsth Thiais 120C
135*C

Partial$ 150C
Bured 200 Gram tomb Seed Too:

Unaffected Sand, gm 3.4

Eb ullobes Temp• )e C Seeetwhiy to 1INe"kji,
Seconds, 0.1 Ow capu sed) Mlnlmum Detornaing Charge, gm

1 Mercury FuIrrninate

5 DOcoWases 236 Loo AS~o0.2
10 Totryl 0.10

20 illike MeA er, % TNT_
Treusi Teot, % TNT:

7 3 1C I ntensetione l N est T oss If D T
% Lo in 48 Hrs P eemtTest:

100'C Heoe Teot: C~nditio
% Loss, 1st 48 Hrs Conflned

% Lou, 2nd 48 Hrz Dnsitgm/cc
Ewaiosian in 100 Hrs Brlsnc, % TNT

S:teussle" R0sl (b)
NMpmeily loans Confinement

Condition
HysmosepkityO % Charge Diameter, in,

€yDensity, gmn/cc 2.89
4, V*Wwlty Rate, metors/secand 8O

2W6
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Plumbotol AMCP 706-177

Freg~meettle Teat: Moaped Ckeere Eff1(weueas, TNT =100:

9ma HI. M71 Pheectle, Wo WC-91: Glass Corem Steil Cones (a)
Density, gm/cc Hole Volumne iid;
Charge Wt, lb Hole Depth 103

Tehi No. of FCelenf Light ye llow
Poe TNT
For Subject HE

3 lack UL. M42A) Proloe~lle, Let ICC-3:
Dmeraly. gmn/cc
Charge Wt, lb

K

Tetel We. of Fiegmeaft: MotbW of Lo@edle: Cost I
For TNT
For Sublect HE ________________

____ ____ ____ ____ ___Leedleg DoIkyi gm/cc

PsgetVebdtcy: ft/se
At 9 ft
At 25%ft skleueg

ID e n sIty , g mn / c c e h o r

West (RoleO~ve to TiNT~ Hazard Class (Quontity-Dlstonce) cleass 9

Aki ComnpatIbIlIty Group Group I
Peak Pressure

Impulse F flcdaln

Energy_ ____

Air, Coofifteds Origin:
Im-pulse An explosive containing TO% lead nitrate

and 3D% TNlT has been used in Belgium under the
Uladeu Wetes noem of "Marcarito."

Pe~ik Presu4re Rtferences: 62

IWIPU~se(a) Eastern Laboratory, du Pont, Inv~esti-

Energy g ation of Cavity Effec ,,§!c 111, Variation of

Cotact Wy672-011D-W2lo ive Corn osition, XDRtC

Peak Pressure (b) 21!thopea ic nary of Applied Cheu-
Impulste pp Fourth Edition, Vol IV, Longmane4, Green

Energ M7iUompeny, London Now4e York -Toronto,

Preparation:

Plumbstol. Is manufactured by simple
mechanical mixing of lead nit-rate in molten
TNlT.

62Seeo footnote .page 10.
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AMCP 706-77 PLX (Ligufd)

Cempeeltien: Moeua Was#

Nitromethane 100 95 Oxygen~ I~exce:
a~ylenediamine - 5 CO.. % -39 .48

CO % .13 -21
*The a. xture 95/5 Nitromethane/Ethylenediamine--

is deesinated PLX (for Picatinny Liquid Explo- Dmeolsty; 9m/cc 1.14 1.12
jive). 9ee ncte under -storage.

Melting Point. 'c -219

C/H Ratio Fioeeuing Point: 'C

I.pec Senaltivity, 2 Ki Wt: 100 25La teiling Point: 'C 101
Burgou of Mines Ap-4 3rotus, cm 100+ 100+

Sample Wt 20 mg laofivctive eden, no
Picatinny Arzei ial A, ýaratus, in.I

Sumple Wt, mg 20 2^0 a

Ffkttc~ Per~allurw !eT:c Vecguu Stability, Teot:
Stool Shioo Unaffected cc/40 l'4rs, at
Flb~r SI-oa UflAffetcted 901C

1001C
cilia 11wiet ImpoO Tria: 10 Trials 5 ril 120*C

Ilk 135'C
E*~loeiuI 0 SOIC

Poi~ol ~0 0 _________________

SluvrAe 0 0 200 Coem .mwb Send Test:. 95/5
unaffcctwý 100 100 Sand, gry 8.1 50.6

vza%5eulon TOMPerotue: 'c 1 1easitivity to Isitiotles.:
Socondcs, 0. 1 100 22SMinimum Detonating QCgrge, gmn

I Mercury Fulminate
5 430 43o Lead Al~gde

10 Totryl
15
20 3afidiwN Molter, % !N7: 134

--- V-A~~ Ts,% ] 127
73'C lnteueietionel Hoo Toot-Tst

% Losu In 48 Hrl itDetTd

100'C Oest Test: Condlt~i

% Lass, I1st 48 Hrs Confined

% Locs, 2nd 48 Hrs Dniy mc
Explosion in 10'0 Hrs roneTN

b~oetIaa Reht,: 13 1/32"*
FlIeomehJily Wn.@4:w Confirnment lsGas

Condition Liquid Ldquid
Hygroscop4iciy: % Charge Diameter, 0,. 1.25 0.94

Veet~t:Density, gm/cc 1.14 1.12
__________________________at%,__ 6210 6165
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PLX (Liquid) AMCP 706-177

leester Sensitivity Toot: Nitromethane Docomesleill.. 14ve~en.e (d) Nitrowtolne
Condition oxygen, atoms/sec
Tatryl, Q.-n CZ/se)

Wax, in. for 50% Detonation (H~a, k~lcaloe/mole 6.
Wax, gm Temperature Range, OC30-0
Density, gm/cc Phase Gaeeous

Heet#0.:(a Tet
Combustion, cal/gmn 2830 mrPoIpoTet

Explaaioa, cal/gmn 60 or"Mfr nef
Gas Volume, cc/gmn 50% Inert, Velocity, ft/se

Formation, ".al,'gn .348 Aluminum Fineness
Fus ion, cal/gm
Vaporization, cal/gm 14&9 so"~ Ger PM.. UeBombs:

5*.I.fk NoMetts cal/Sm/*C (b)

C v0.4209 - 0.OOO'r6t + o.ooooo6it 2  Plate Thickness, inches
p for 150 C to 70 0C

I ,

UWralov Rafte:
cm/sec

______________________________ emb Deep Teot:

Thmelml CeedeeIvitysy
cal/sec/cm/*C T7 SesiAmwPa i Bowsb ve Cevisetwst

Co.Afileest ofEpnin Max Safe Drop, it
,anea, %/*C ao.* Geftwal Purpos~e Bomwb vs Ceesrefte

Volume, %/*C Height, ft

Hisrlaes, Mk , sk:Trials

Y.&I' Masl~us:Low Order

F.', dynos/cmý ih re

E, ib/lnr.Ahl 110004Ib GemeaeI Purpose Beomb vs Ceerwsre

H@lght, ft
C-%mjmsq lb/inchl Trials

vapor prwivurel Lo Ode
CMmn Mej'curv M104u Order
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AMCIP 7064177 PLX(iud

""V*Gaeotetkea Teoo: Show~e Charige Efflientweess. TNT 100:

90" "ksN M71 projc*lHM. L' WC4I:. Gloss Cones St&Ol Cones
Density, qvn/cc. Hole Volwme
Charge Wt, lb Hole Depth

Tetl N. d Frmeut:Cealla Light yellow
For I 'IT
Fat Subjec~t HE

Fepoleg l Usee: Nllnefie1'A clearing

3 l.at. WKE. M42A1 Piejetile, Lot KCA5
Censity, gm/cc
Charge Wt, lb

Totel No. ef Fregm~aosi Mob fL~it upn
ior TNT
For Subject HE

FvielVeei:ft/o 1. 14 1.2.2
At 9 ft
At 25%4 It Seee

OW~yGMccMethod Copoflenta stored separtht~lyl
%ixed only when reedy to us*

Ilee (Uelo~ve to TNT)s Haza~rd Close (Quanfity.Distonce)

AtConipotIbdilty Gr oup (
Peak Pressure

Irropule *Ecudotion

2ýergy

Air, Minimums PTpgstlng 100 ~ /
Impulse Thbickness, In,:-

UPPWoetViscosity, centiposeus: (0)

Peak P5rewr Temp, 10 0 C 0.748
Impulse 250 C o.625

Ewargy 40oC -5 O5'3,
Compatiboilty vith Metalis:

Peak Pressuro Stainless stool, mild steel and duriron
lapulso not affected; corrodes brass.
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.LX (Liquid) AMCP 706-177

Origin:

Nitromethane has been known since 1872 (Kolbe, J prakt Chem (2) 8, 427 (1872), but was
available only as a laboratory product until it appeared as an industrial chemical in 1940.
A number of patents have been issued for nitromethane produced as a by-product of the nitra-
tion of propane (U. S. Patent 1,967,66T7 (1934); British Patent 443,707 (1937); and Canadian
Patent 371,007 (1938).

Te development of nitromethane liquid explosives vas based on information that nitro-
methane is sensitized to initiation and propa~tion of detonation by the addition of various
awines. Thlis study made at Picati=ny Arsenal in 1945 indicated that mixtures of nitromethane
with 5% of ethylenediamine, n-butyl-amine, or morpholine shoved considerable promise for ap-
plication in mine-field clearance (I. H. Mriknen and J. W. Rowen, PATR No. 1565, 17 September
1945).

Referencese6 3

(a) D. E. Holcomb and C. F. Dorsey, "Mherwdynamic Properties of Nitroparaffine," Ind
EnW Chem 41P 278-8 (1949)e

( J. W. Williams, "A StuW of the Physical Properties of Nitromethane," J Am Chem Soc
,O (1925).

(a) L. Medard, "Exlosive Properties of 3itroethane," His poudr U, 125 (1951).

(d) T. L. Cottrell, Tý 2. Graham und T. J. -'.Id, "Ibe 7hermal Decomposition of XLtro.
methanes," f7rtaaactions of the YNraday Society 7, 584 (1951).

(a) F. Bellinger, H. B. Friedman, W. H. Bauer, J. W. Emates and W. C. Bull, "Chemical
Propellants; Stability of Mocomitromaetbane," LO DW Cbam )%0, 1320 (1948).

(f) Also ee the following Pioati•m• Arsenal Tecbnical Reports on Nitromethane:

0 1

166o 1681 2113 1565 • 2016 1747 1708 1619

•3*afoot:nots 1. pase 10.

. -•r-•.-,:-m~r.•,•,ru''ail ,T••=••" l t,•j ql'! l~r•ii:"i"F~'•P~tql••q•'! ' ••-"••'• -•.•301-
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AKCP 706-177
AXV7617Potassium init~robtozfuroxari (%Zt

% "0lehr WW"I (KCAH400 925

S 27.3 NOxygen 14kow•:

NT 21.2 N 1 CO % -18,

0 3)6.3 2 0 2 Deftit: gin/co 2.21 4!

K tw.8. "C Dplodes 210

C/H Ratio 0.416 Fse1ing Polto IC

10000ee S e.J61,y, 2 K2 Wt" hl11,0 Pot11 0C
Bureau of Mints Apparatus. cm --

Sample Wt 20 mg Rafidtlve lad"g, no
Picatinny Arsenal Apparatus, in. 3; (1 lb vt) 6

Sample Wt, mg 7 no

F"4 F Peedeiw.1 Tests Vecww S"Iuty Tests

St.-: Shot S1odeas cc/40 Hrs, af
Fiber Shot Orplodes 90"C

Rifle Bull * ImlePed Toth Trials 10 "1C

135'C

Partial s SOC;

Bure•d 200 e B 5 Tot h
Unaffected Sand,gm a 43.6

Explaleslo Tompereftres Cseaskh'"yI te aistleobe
Second&, 0.1 (no cap •use) o- Minimum Detonat•ng 0 hw, gm

1 -- Mercury Fulminate 0.30 0.20
5 250 LOW Azide 0.10
0 Tstryl

15

20 Belliic Mmhtr, % T1T:

Trasil Tet, % TNTj
7531C lonm woel Heet Tits

% Loas in 48 HrIs Plat DOM Too,
Method

100*C Hese Teos Conditian

% Loss, Iat 48 Hrs 0.03 Confined

% L•ss, 2nd 48 HIrs 0.05 Denity, gm/cc

EWposion in 100 Hrs None Brlsonce, % TT

Osteaetle" ROW
Flammebilley Ilo. : Confinement

Condition

"aH resetor tIy,: % 30 °C, 75% RH 0.11 C h gdi a e r i

300C, 90% P9 0.27

ve"letlt: Dorrsity, gm/cC
Rote, meters/second
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Potassium Dinitrobenzfuroscan (XUtiW) AMCP 706-177

Condition oxygen, at*. /eec:
Tstry, gm(Z/w~)
Tetuy, gmHoot, kldocaoiole/moale

Wax. in. for 50% Detonation (AM, kclrnl

Wax, gm Toriperartur Range, IC
Densty, gm/cc he

N~ow *f
Combution, cal/gm 2209 Arm.. Flats Wm~,o Towe

Explosion, al..rn.T2
Gas Volume, cc/gm 60~4 50% Inert, Velocity, ft/soc

Foermation, cot/gmn Aluminww~ Fiwnens
Fuilon, cal/gmn

0 CPlate Thichnuss Inche

-50 0.21T
0 0.217

25 0.21T IV4
50 0.21T71

1%
Burning Roftes

Thermal Cooe.Mtiwv:1. OOf e Flelg ob
caI/soc/cin/*C 2W *bv or

Coffee"o Rupooo.* Max Safe Drop, ft
Linear, %/6C soo.0 Gserel paweee so"bv Comm":o

Valkwme, %/*C puliv, ft

Herjoss, sk, o@&"Trials

Young's M"Odlh. Low Order

E', dynoe/cm' Hog Order

E, ib/!ich' 10OO-s Gogsorl Pvepowseomb vs Ceecret.:
Density, gm/ccr

Helgof, ft
Cempeese Stheagpb lb/lnch# T'rils

_____________________________ Unaffected

VeOW yeosee Low Ordef
.C wn Mercury HighOmrde
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AMCP 706-177 Potassium Mnitrobenzfuro~n (icM)

Fregmeotelea Tet: Sbeped Cher" Effec•..vemo, TNT = 100:

90mm NIL h71 IPnI'•Ale. Lot WC-91: Glass Cones Steel Cones

Dnsity, gm/cc Hole Volume

Charge Wt, lb -Wle Depith

Tetal Ne. of Fmlmonmt: Collr. Oraene to brown
For TNT
For Subject HE

PrkaJCplS UWA: Priwmry explosive

3 laCh HI. M42A1 Projectile, Let KC-3:
Density, gm/cc
Charge Wt, lb

Teoel No. of Fgmel % : Mtibd o Lo, Proesed
For TNT
For Subject HE

_ __ _ _ Daeelty: gm/cc psi x 103

F.1.63 1.7 1.81 1 .98
^t 9 ft
At 2- ft lerege:
Demsily, gm/cc

Moth•d

111:4 (Relative to TT): Hazard Class (Quantity.Distonce) Class 9

Ai Crniptlblltý Gmw Group M (vet) Q.
Peok Presure -

Impulse Fxi tlan

Solubility In Water,
Air, •,oofial gm/100 gm solvent, at:

Impulse ' '

UP4er W~te Stab Senaltivity:
Peak Pr&,r Den3ltv FirIngjPoint (Inch-ounces)
Impulse I Oca7
Erwsy 3 73 79 84

1.7T 66 75 83
Uudrge~:1.81 42 48 64

Peak Pressure 1.86 12 15 18
Impuls 1.93 11 17 21
Energl 1.98 7 11 14

Activation Enerpy-

kca;./Mo. 82.6
Induct-Ion Pe:.iod, seo 0.5-10

i 4' j
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Potassium Dinitrobenzfuroxan (KUr) AMCP 706-177

Preparation of Potassium Salt of 4,6-dinitrobenzfuroxan: (a)

Benzfuroxan, made by the reaction of ortho-nitroaniline and alkaline sodium hypochlorite,
was dlsaolved in 6 parts of 96% sulfuric acid and nitrated at 50-200 C vith & 4 xo 1 sulfuric-
nitric acJd mixture. The salt was prepared by neutralization of the 4,6-dinitrobenzfuroxan
with potassium bicarbonate followed by recrystallization from hot whter. The product forms
in -all golden orange plates which explode at 220 0 C.

Origin:

The potassium salt of 4,6-din~trobenzfuroxan was firut prepared in 1899 by von P. Drost
(Ann .10, 56 (1899)).

References: 61,

(a) R. J. Gaughran, J. P. Picard and J. V. R. Yaufman, "Contribution to the Chemistry of
Benzfuro=a Derivatives," J Am Chem Soc Y6, 2233 (1954).

(b) C. Lenchitz, Ice Calorimeter Determination of Enthalpy and Specific Heat of Eleven
Orgunometallic Compounds, PATR No. W224, November 1955.

(c) Also aee -the followving icatinny Arsenal Technical Reports on Potassium Dinitrý..-
benzfuiroxn:

2=2 2093 2146 2179

64SO& footnote 1•, pe. 10.
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AMCP 706-177 P"....,

Comspesition: *e40 ,uler WeIght: 252

Oxygen leance:
RC0 30 C02 % -45
Tetryl 50 CO % - 9

S0 Density: gm/cc 1.68
melith.2 Point- 1C Butectic 67

C/H Ratk. Freezing Point: "C

Impod Sensitivity, 2 Kil Wt: Boiling Point: 'C
Bureau of Mines Apparatus, cm 4

Sample Wt 20 mg Refrective indes, no
Picotinny Arsenal Apparatus, in.

Sample Wt, mg

Friction Pendulum Tnest: Vcuun. !etebllity Test:

Steel Shoo cc/40 Hrs, at
Fiber Shoe 90°C

IO0"C 3,0

Rlifi Suliel im010t Tes: Trials 101C
120"C

% 135'C
Explosions 20
Portials 20 iSOC

Burned 0 200 Gr. leBomb Sendl Tes:
Unaffected 60 Sand, gm 54.8

lXploelee Iiempeetus.: C Sensitivity te WtIflitleo:
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminate 0.23*
SLo Azide 0. 22*

10 Tetrvl
I5 -Altesna'ive initiating charges,

20 eUelek Morta, *A TNT" (a) 132

Treusil T•e•, % TNT:
75*C intemetlnel Hene Tst:

% Lous in 48 Hrs Pleft DoO T&Oz (b)
Method B

1001C Heeo Tes: Condition Cast

"% Loss, lst 48 Hrs Coifirwd No

"% Loss, 2nd 48 Hrs Denity, jim/cc i.68

F.Upxlosn in 100 Hrs Briw4c, % TNT 127

Dtesee" Rate:
Fhmellift Index: Confinement None

- oendltidon cbt
H 15 days % Charge Diameter, in. 1.0

D30eC 90npty, gm/cc 1. 
640

Rota, meters/second 7655

M/
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Pvc-i AMCP 706-177

Fralm*te1oti" Test: SMoped Caege Effetivfees, TNT = 100:

90mm HI, M71 Project-ll. Lot WC-91: Glass Cones Steel Cones
Density, gm/cc 1.6J4 Hole Volume

Charge Wt, lb 2.180 Hole Depth

Total Ne. of Frelmeots:

For TNT 703
For Subject HE 999

b9Pripell Uses: Land mines and demolition
3 Ich HE, M42AI Projeelle, L4* KC-5: charges

Uensity, gm/cc 1-.63
Charge Wt, lb o.864

Total No. of MFgned W 4 Leedag: CCost
For TNT 514
For Subject HE 685

Lealdl lnsity: gm/cc 1.68

Fragment Velocity: ft/sec
At9ft 2690
At 25 1/, ft 2460 Storages

Density, gm/cc 1. 64
Method Dry

glse (RelatIve TNT): Hazard Class (Quantity-Distance) Clas• 9

Akl (d) Compatibility Croup Oroup I
Peak Pressure 11
Impulse 109 Exudation Exudes at 650C
Energy **

Ait, Ceefinfld: Preparation:

Impulse The ternary explosive system consisting of
MX, tatr ,% and TNT Is prepared by adding the

Unde Wete: appropriate weight of woter-vet RDX to a tatry-
Ptak Pressure * tol (40/60) previously melted in a steam.

Jacketed melt keLtle. Heating wnd stirring
Impulse art' continued until all the water is evaporated
Energy ano the mixture is uniform in composition.

PTX-l is also prepered by adding tstryl to RBX
Undergieend: Composit ion B.

Peok Pressure Compatibility with M•tals:
Impulse D Aluminum, mild steel not affected.
E n e r g y W e t : A l u m n u m , m il d s t o ol n o t af f e ct e d .

Booster 3ensitivity rest- (o) et: AlUai::um, mild steel not effected.
Condition Pressed Cast
Tetryl, gm 100 100
Wax, in. for 50% Detonation 1.94 1.82
Densaty, gm/cc 1.61 1.68
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i o ~~

AMCP 706-177 PTX-1

Origin.,

The poeaibility of employing ternary mixtures to obtain explosivwas having greater power
and higher brisance than binary mixtures was suggemted by the analysis cz Russian (6 mm,
armor piercing high explosive rounds (PATR No- *.,l, 17 July 1943). The Russian type ternary
explosives, baned on the composition and laboratory studies of such mixtures, were indicated
to be effective p fillers. In conducting a preliminary study of castable ternary explo-
sive mixtures sugested by the Russian fillern, a mixture consisting of RDftetryl/TNT, desi3-
Dated P'X-l wa developed which had explosive and physical properties offering coniderable
advantage for military applications (PATR No. 1360, 27 October 1943; and 1379, 1 .Tanusry

A P'X-3 Composition, prepared by the addition of UAleite to 40/60 tatrytol, also offered
proaise but limited to applications where the charge would not be required to withstand ator-
age at 65 0 C without exudation.

References: 65

(a) L. C. Smith and E. G. Eyster, Physical Testing of Ehcplosives, Part III - Miscellaneous
Sensitivity Tests; Performance Tests, OmD Report No. 5746, 27 December 1945.

(b) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, i. August 1942.

(c) L. C. Saith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetry'. in Boosters, NOL Memo 10,303, 15 June 1949.

(d) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Tech Div Lecture,
9 April 19W.

(e) Also gee the folloving Picatinny Arsenal Technical Reports on PMX-l:

0 2Z2

1530 1402 1623 1466 1437 1379
1506 1429

1469

6 5
See footnote L, page 1O.
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PTX-2 AMCP 70&177

Cnme.ýtwo: WIeeul-, Weight: 244 243

Far 4 - 41 
03Vl .Ig s:

co.t % .36

P28 - 26%

2T8 - 33 0e00y2 gm/cc 1.70

MA W@a Pei4'(c tectl 75

C/H Ratio PseIsa w. : *C

Iwpet soheei*i . 2 Ke Wt. Welll Pewt: "C
Bureau of Mirfs Ampamtus, cm 35

Sample Wt 20 mg Refeetive dald no.
Picatinny Arsenal AppratOus, in.

Sample Wt, mg

FPiiew Pnudluia Teat: Vesem SieNlity Ted:

Stee! Shot -Ok1Oi cc/40 Hrs, at
FiPr So 90.C

-... 1 C 2.6
Wifle hilat Imp•et Tees: Trials 1201c 11+•pll ~16• 135"C

Expoin 60150
Partial$ 0_ _

Burned 0 20Gm= toe"w Sed Ted:
"Unaffected 40 San, gm '6.9

lUpleele.. Tempereiwe s . $Seesht*i4 ft ~46ete4.
Seconds, 0.1 (no cap used) Minimum Detonating Charge, gm

"1 Mere',wy Fulminate 0.21
5 Led Aside o.oo

10 Tstryl 0.00
15

20 le1.aills Mee4,, % 1NT: (a) 138
TL4ezi Tee, % ThtY

75*C INtemetesse HeeN Ted: Plt De Yeah (b)
%Las in 48 Hrs

Method BS11001 Ho Tw. Condition Cast

% Las•, Ist 48 Hrs Confined

% Low, 2nd 48 Hrs Density, gn/cc 1.71

Explosion in 100 Hrs Brisonce, % TNT 141

DefesO ad*e:
Fils~abemmbiy le06#21 Conf inement None

Conclition Cast
,---, , L . o.oo Charge Diameter, In. 1.0SDensity, gm/cc 1.70
Vshlt: Rate, meters/second 8065

I309
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AUCP 706-177 P=-2

P-agmelaula Tree Shaped Chep Itf eemee, TNT = 100s

90 mm ME. MAYI Pae,.*W&4. Lot WC-91: Glass Cam Steel Caneg
De-rwty, wm/cc 1.68 How Voiunw -•130

0"rg Wt, lb 2.226 Hols Depth

Total Ne. of Ftp~wgem: Cke
Fr•TNT 

703

For Subject HE 128
hue1W Won Shaped charges

3 ik HE1 M42AI Poijefflk LAt KC-S: FPregen~t1 on charges

Nnaty, VUn/cc 1.70
Chrge Wi, lb 0.897

$;or TNT 514

For Subjift HE T50 Le Deobs gm/cc 1.70

FMOeWO i aet voklg ft/sec
At 9 ft ___

At 25% ft 0leesege

Doelty, gi/cc 1.70 M.*etho dr

Skl! (Rifeive so THUT: Hazord Cla" (Quontlty-Distance) Class 9

An(4) Ccnipatibiitly Go*u Oraoip I
Po Pressur 113

ImUe 113 Eudotton NOWe ft 650 C

Energ -y

hod& Preparation:

Impulse The ternary explosive system consiating oa
RDX, FEW and TNT Is prepared by adding the

Uo. W~sen appropriate veight of vster-vot IRU to a pen-
Pk Praez tolt. (30/7o) previously melted in a steam-

IMpAO Jacketed mwlt kettle. Peating and stirring
are continued until all the wvter Ia evaporated

Errg/ and the mixture is uniform in composition.
PTX-2 is also prepared by adding iater-wat

Uwmweraw •PM to RDX Composition B.

Peak vkweM Compatibility with Metals.,

S= Aluminum, mild sAel not affected.

Booster Sensitivity Tent: (•) Wet: Aluminum not affected.

Condition Pressed Caet
Tetryl, gm 100 100
'Ax, In. for 50$ Datonation 1.87 2.32
DeneLty, sm/co 1.70 1.61

'¾ ~ 31C
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P•--2 AMCP M6-177

origin:

The possibility of employing ternary uixtures to obtain explosives hevirg greater p.verand higher brisance than binar', mixtures was Autaestad by the analysls of Russian 74 m, armor-p'ercing high explosive rounws (PA•, No. 1311, 17 July 1943). The Rumblan type ternary explo.gives, based on the composition and laboratory studies of such mixtures, were Indicated to beeffective presoed fillers. In conducting a preliminary study of castable ternary explosivemixtures suggeated by the Ru4slan fillers, a mixture consisting Of53'kI/TNT, designatedPTM-2 was developed which bad explosive and pbyslcal properties offering considerable adven-tage for military appliratIon- (PATH No. 1360, 27 October 1943, and 1379, 11 January 1944).
A PTX-4 couposition, prepared by the addition of flaleite to 30/70 Pentolite, also o.feredpromise but because of border-line stability in accelerated stability tests, P=_r-4 must beproven by lorg term storage to be acceptable for use in standard aamunition.

References: 66

(a) L. C. Snith and E. G. Eyster, hs lestin of_ e Part III - Miecellaneoug
Sensitivity Tests; Performance Tests#, D Re-t3 No. 27 5Si •.(b) D. P. MacXougall, Method, of Physical Temting, 0SRD Report No. 803, 1U August 1942.

(c) L. C. Smith and S. R. Walton, A Consideration of REIX/Wax M-ixture, sa a Sbstitute forTetrZl in Boosters, NOL Memo 10,303, t5 June 1949 l

l94d) W. R. Tcmlinsont Jr., Bl~at Effects of Bmob Explosives, PA Tech Div Lecture, 9 April
(e) Also see the following Picstinny Arsenal Technical Reports on PTX-2:

0 2~ 
2

1530 14U2 1483 1414 1445 1466 1838 4L3791623 1429
1469

66Sg* footnote 1, page 10.
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AMCP 706-177 PvA-i4

Cemelte:Molecular Walgh#: 21T

90 Oxygew BelowAe

Polyvinyl1 Acetate 8 CO % -10

Dibutyrlphthalate 2 DeaII7: gm/cc Presused 1.6o

0C 92

C/H Ratio F"Meela rants -C

lw~od See.itvlfy, 2 Kg We: bolelie P8lt 'C
Oureou of Mines Apparatus, cm 39

Samiple Wt 20 rng £.frod4ie mledez nO
Picatinny Arsenal Apparatus, In. 9 0f

Sample Wt, mg 13 n

Fuiction roo~deh Teo: Voo tblt Ted.,
Steel Shoe Crackles cc/40 HI-s, of
Fiber Sho Ur~ff@0te 90*C

til uk owTo ras100C 0.145
PileSi~e mec Ts: Tils*120*C 0.88

%135'C -

Partial$ 0 10 1
Burned 60 e0 ma leeh Seed Test:

*I~jdaat -460c - ti4ffected Sand, gm ~58-5(
Uiahsie. Tempereture: *C Seeelliviy to Initietlea:

Seconds, 0. 1 (Ow cop used) -- Minimum Detonating Charge, gm
1 330 Mercury Fulminate
5 Decotaposee 3T5 LoW Azudo 0. 2P

10 265 Tatryi

20 *ellokI Matter, % TNT:

Treuzi Teo, % TNT:
75'C laftevutleei Neel Two: Mete* boat Two:

% Loss In 48 Hrs
Method

100*C Hoet Too: Condition

"% Loss, I1st 48 Hrs 0.10 Confined

"% Lous, 2nd 48 Hrz 0.06 Density, gm/cc

Explosion in 100 Hrs Non* OrIsonc, % TNT

114"wooehlliety ledes: Confinement Nonet
Condition 01st

"YORgeeeee40iY: % 300C, 90% RH 0.20 Charge Diameter, In, 1.0

Den4sity, gm/cc 1.6o
Vele4IlYS 55'C, vacua, 6 hro 0.03 Rate, meters/secand 7910
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WVA-i AMCP 706-177

Uvelpmeasfei" Taft showe Chem@e 90wieamee, TNT =1001

awin H14 MYI Projectile, Lot WC-911: Go"s Coaes Stoel Cones
Density, gm/cc Hale Vr~urne
Charge Wt, lb HWoe rup'th

TeOM ". of pFeegmesi. Coh hit
For TNT
For Subject HE vilaspe uses Demolition cbargas

J leek EDMR A1AI Preele", Low XC~a
Density, gm/cc
Ciiorgi Wt, lb

ToWe Ne. of felpweqmhz mehlw of, L.-lg Preaed ors vctr~~do
For TNT

For Subject HE ______

Loedle 1)ewltyA pis/cc 1-60

Prgues"W Velecity: ft/Sec
At 9 ft
At 25% ft tr0
Deraity, gmn/cc

Ole* (Releliw to THMh Hazard Clau class 9

Ain Campatibility Grauv ioq
Peak Pressure

Impulse E~udation lions at 'C
Energy__ _ _ _ _ _ _

Air, Cso~hwt PCauiciwd

Uader W~ er
Peak Pressure 25 C 0.3,

*Energy

313
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AXCP 706.177 __ _ -- __.. .(

Explosive PVA-4, a semi-plastic composition of Canadian origin, consists of 90% RDX, 8%

polyvinyl acetate and 2% dibutylphthalate (IDP). •is formulation was developed by Dr. Suther-
land of Shawinigan Chemicals, Ltd. In evaluating various types of polyviyl acetate commer-
cially available in the United States, a type obtained from Union Carbide and Carbon, under
the industrial named or designation "AYATO wae the most promising coating for REX in the pro-
portions rW/IVA(AYAT)/B 92/6/2.

A practical method of'preparing this composition wva by the addition of a solution of the
coating agent to an aqueam RDX slurry. Based on the quality of the product and the pellet
densities obtained, a procedure of adding an acetone solutilo, of PVA + ImP to a hot voter
slurry of RfX, under agitation, wa adopted as standard.

References: 67

(a) See the following Picatinny Arsenal Technical Reports on PVA-4: 1532 and 1634.

6 7See footnote 1, page 10.
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W2!( (Pol,-yvi~ Nitr~ate) AMCP 706-77

CeAwPee*Iee; M.4eeu60 Wesght: (C2 3'0 3) n(69),

C 27 Ohr1tg sales"e:

H 3.4 CO % -9
(112C-CH"oN02)m

x 15.6 I _____________

0 54Meailn Not. 1C (soft Pb) 50

C/H Ratio 0.203 IF eanla Pak*t *C

Impect Seasiltyvl, 2 Kil Wt: 3..8 laONg Pealef OC
Bureau of Mines Apparatus, cm -

Sormple Wt 20 nVi PAfImtdiw 11611M. no.
Picatinny Ausenal Apporotus, in. 4

Samnple Wt, mwgna

Fglctlae Peodollm Teao: VOemem S"~Uty TOW.~
Steel Sive M-Ck1O6 cc/4O Hrs, at
Fiber Slhoe Unsffocted 901C

120'C 16 hou~rs 11+

% ~135*C
Partil&l .0

Burned 200 '*n Ilem S To
Unaffectod Satnd, gmi 49.9

Ebiskkea Teuspuetuwe: C U_4iwaiefvil1. 1aleia

S"aonds, 0. 1 (no cap used) -- Minin-um Detonating Cliarge, gin

I -- Mercury FulmInate -

5 265 Aki
10 Tetryl

15
20 Stow OA Meer, % TNT:

Too'-o Teat, % TNTs
731C lnla"wt6..e weao Toew MaeDo o

% Lou in 48 Hrs

1061C Moo Teel: Condition

% Loas, lit 48 Hrs 1.9 Conf Inad

% Laes, 2nd 48 Hrs 2.1 Density,. go"/cc

Exsplosmio in 100 Hrs NOWe Broe % N

Plemmbwiilhy laden: Conflowsm"W

Condition
Hysopeaegelyo % 300C, 90% RH o.62 g In.
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AMCP 706-177 MI (Polyv1ruy Nitrate)

FfgmWeseciem Tesh Shop"d Cherge Iffetivoelmee, TNT =100.-

90 me. ME, M71 Pre*Wee, Lot WC491& G50" CorUcS Stool con"s
Density, g.-/cc Hole Volwine

Charge Wt. 1b How. Dept

Telel No. of fnegessish:
For TNT
For Subject HE --

Primcipel uses:
3 ainc Nk M42AI Prejeeclle, Lot ICC-Si

Density, gmn/cc

Charge Wt, lb

T* MeelH. ef Freffoeate: Meow~ of Leledileg
For TNT
For %61*ec HE-

______________________ Lee4165 Deee*Y: I;-/c

Freme Vallidly: ft/sec
* At 9ft

At 2514 ft St1#400:
Density, gm/cc

Mediod

MOe (Relihe. to TIM) Husard Ckms (Quarittlli~tamlac)

AtCowpalbly Gvwu
* Peak Prussure

Im.Pulse Ecua tion

Energy _ _ _ _ _ _ _ _ _ _

65.5 0C KI Test,

Invulse Mnts60+

UMder W~te 1314-5oC Heat Test:
Peak PressuhreSlo ~~ Minutes

Irnpulse Red Irumes 25
Energy Exlds300+

UO~foevow:2l4O-1our Hydrolysis 'Net:

Poak Pressure $ HN03 5.07

IMPUISSHeat oft:

Combustion, ca1/gm 2960
Explosion, cel/glz 900

Gas Volume, cc/icm 838

__________________________________I ________________________Rol_____
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WVN (PoLyvinyl Nitrate) AMCP 706-177

P1 -!ation:

polyvinyl alcohol in mixed with acetic anhydride. The mixture Is coaled to -50 C arid the
nitric acid is added slowly while the mas is being ttirred. The temperature ii' controlled
by the rate of acid addiLtion so that wham all the acid has been added the temperature does
not rise above 200 C.

Wheu -the nitzttion ii complete, the mixtar* Is Orovned by allowing a fine stream of the
syrupy Liquid to flow from the nitrator and mix intimately with a large streaw of xmter. This
causua the produict to precipitate in a fine state.

The fiw*l divyicd precipitate In purified by boiling In freqi'ent cbhagei of water.

Origin:

The first praparstion of polyvinyl nitrate was reported in 1929 by solution of polyvinyl
alcohol in conc'ntrated sulfuric acid and treatment with nitrating acid at a temperature not
over 50 0 C. (German Patent 537T,303). Later patents lasued relative to polyvinyl nitrate In-
cluded U. S. .Ptsut 2,118,487 (193e) and Germou Patent 737,199 (1943).

.. 4
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AXCP 706-177 RIPE

com~posiionA -Megisr Weight: 230

Oxygen Balance:

R85CO% -35
Gulf Croim E Oil 15 C 3

Density: gm/cr Hand tamped 1.37

Mewting Point: *C

C/H Ratio Froewala Point: 'C

Impact Seasitivity, 2 Xg Wt, "oUlse Point: *C
Bureau of Mines Apparatus, cm 53

Somple Wt 20 mg Refractive INdex, n
Picatinny Arsenal Apparatus, in. 13

Sample Wt, mg 25nZ

Fuictio.n Pendullm Test: Vocema StieNity Toot:
Steel Shoe Unaffected cc/40 Hrs, at
Fiber Shoe UnAffected 901C

1001C 0.314
Rtifle Bullet Imspact Test Trials 120*C 0.56

Expceo% 135*C
Partial$ Q 5C
Burned 0 200 Grew Nough Send Test:
Unaffected 100 Snd, gm 14o.i

Ebplosiee Temperature: Lmuihrity to nIslatieon:
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gm

1 Mercury Fulminate
5 Deomaposes; no value obtained L~ ~.02

10 Tetryl

20 Bistic 0 11e- -r, % TNT: (a) 118

Traval Tool, % TNT:
711C late Wetiee Neow Test: PoDn et

%Lous in A8 Hrsplt e To(b
___________________________ Method B

* IOOC Host Toot: Condition Hand tankied

% Loss, lI t 48 Hrs 0.03 Confined NO
*% Loss, 2nd AS lfrs 0m04 Density, gn/cc '-.3T

Explosion in 100 Hrs Non~e Brisance, % TNT 85

06#40OK" me":
Flemmaebility lind: Conf in.amet None

H7-t~iy 00,9%R .4Condition Hand tamped
Hygoeigi~lty % ?~0 , 9% ! 0.14Char"e oianetir, In. 1.0

Den'eity, gm/cc 1. 3T
Rate, meters/seond 7390
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RIPE AMCP 706-177

Fragmentation Test: Skr4d Cherge Effectvessees, TNT = 100:

90mm HE, M71 Pfejectikc, Lot WC-91: Gilt," Coneis Steel Cones
Density, gm/cc 1.36 Ho'a Volume
Charge Wt, Ib 1.766 Hol, Depth

Totel No. of Pegimets4:
For TNT T03 C Whte
For Subject HE 592 pFrSeHll92 Use: Plastic demolition explosive

3 inch HE, M42A1 PFejectige, Let KC-5:

DonsitI, gm/cc 1.42

Charge Wt, lb 0.756

Teotl No. of frelmeut: Meftked . Leedlag: Hand tauped

For TNT 514

For Subject HE 501
__Leading Deshy: gm/cc 1.37

Fragment Velecity- ft/sec
At 9 ft 250t
At 25V2 tt 2630

Density, gm/'. 1. 395 Method h

IBlet (Reluee to TNT): Hazard Class (Quantlty-Dist.nco) Class 9

Ain Compatibility Group Group I
Peak Presure None at 850 C in 30 hrs
Impulse Exudatkn None at 95 C ýn 48 hrs
mExudes at 105 C in 48 hrs

Energy •__

AWI, Ceeft~t Origin:
Impulse RIPE, a mechanical mixture cf REX and Gulf

Crovn E Oil, was developed in the United States
Under Weate: during World War Ii.

PeOk Pssure References: 6 8
Impulse
Energy (2) L. C. Sith and E. G. Eyster, PhscalEnergy Tenting of Explosives, Part IIIs- Micelloneoub

SO - tv t' at$; Performance Teist, OSRD Re-
•.• Uisrgreut port No. 574F7 27 Da:ember j1Z5.

Peak Pressure
Impulse (b-.P -4o~l,~ sfh{e

Testing, OSRD Report No. 3, 1 A uut 19.

Preparation: (c) Plpg see the folloiing Picetinny Arsenal
Technical Reports on RIPE: 1713, 1695 end 1517.

RIPE 14 manufactured by simple mechanical
mixing of RDX Jn oil.

6•See footnote L, page 10.
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AMjCP 706-177 Silver Azide(

CsspeAw.:Mlecullo Weight: (gN 3) 150

N 28.0 oxygen Balance
C0 2 % -5

Ag 72.0 CIO% .

D--Noenulit'v gm/cc Crystal 5.1

etngpoint: C e 251

C/H Ratio Plannin Pont 'Csiver and nitrogen.

Impact Sensitivity, 2 Kg Wt- 11161110g Point: *C
Bureau of Mines Apparatus.I 6
Sample Wt 20 mg Ref rective Index, n,*

Picotinny Arsenal Apparatus, in. 3
Sample Wt, mng 18 A

nup

Friction Pendolvnm Test: PA Small Appera tun Vacuum Skesily Tow~
Steol Shoe Detonates cc/40 Hrs, at
Fiber Shoo Detonates 901C

1001C
Rifle Bulde lsspe Toot: Trials 120'C

Explosions% 3*

Partil% 10s

Burned 200 Goew Bomb Send Teoo:

Unaffected nnd~rn

Kupieskao Tonspirotam: CSensitivity to Initiation:

Seconds, 0. 1(na cup used) 310 Minimum Detonating Charge, gm

1 -- Mercury Fulminate
5 i4xp1odos 29U Le sd

10 Load AzI

20 BelIluioe Metteir, % THY:

m5 lnentle nMIet Teoo: Tmoad Teot, % HetJoNc) 2  (a)

% Loss In 48 Hrs Plete dete:

001C Heet Teoo: Condition

% Loss, Ws 48 Hrs Confined

% Loss, 2nd 48 Hrz Desiy gm/cc

Exploion n 10 MrsBrisonce, % TNT
p Explosion in 1Ret.:

Flemoebdlty index: Confinement

Hygresepieley: % (b) 250C, 100% FIX 0.04 Charge Diameoter, in,

-oaiiy-1 0C 4hs 00 Density, gm/cc

V~lsil~t: "5, 2Jbra ,00Rote, meters/second

.320
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Silver Azide AICP 706.177

F~rm e Tee Sbapd Charge Kffeteteeme, TNT - 10:

90 am NI, M71 prejad4le. Leo WC-91: icas Cones Steel Comes

"Density, gm/cc Hole volwwe
Charge Wt, lb Hole Depth

T*ell Ne. of Freqiae: r
For TNT

Foe Subject HE
P.4sip Ues" Initiatora

3 lack HE, M42A1 PrIktile, Leo KC-5:

Density, gm/cc

Charge Wt, lb

Telel He. of Fregmeets. Milked of eadag: Presed

For TNT
For Subject HE

Laedlag Deity: gm/cc Variable

Ffeme,. Velsit4Y: ft/Ac_
At 9 ft
At 25% ft Sievese.

DensIty, gm/cc
Method Wet

Slm Mkvlel.te to TNTll Hozurd Class (Quny.Dltnc6e) Clas 9

Ain Compatibility Grewp Group M
Peak Presum

imXI4ai Exudation Nope

Energy_ ____

Ak, Caefleed: Initistirn Efficiency.

In"4le OGram Required to Give (c)

Complete In tiation of TNT 0.02-0.05
Unde Weter

Peak Priori Solubility in ,.00 gm Solvent

Impulse at Room Twapersturet

Energy Solvent Grams
Water (b) 0.0o6

Uad"lVaed: Amonium hydroxide Soluble
Peak Pressurv Nitric acid D'ecomposes
Peak Ether (b) 0.017

!mpiea Ethyl alcohol, 95% O.oo6
ErOe.Py Acetone 0.015

FMxplosive Po.r: (f) Unaffected by voter end C02 . (d)

Kiloram metera 192,000 Heat of:
* % e~cxy ulinuat 1.97 plosion, cal/gm (c, a) 4+52

*i YFormatton, cal/g 0 67.8

321
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AMCP 706-177 Silver Azid-

Preparation:

'"3 + AgN03 -- Ag3$ + aWO3

Prepare the following aqueous solutions:

a. 5% Na23, sodium azide, 50 cc

b. 25% AgO 3, silver nitrat., 25 cc

The silver nitrate solution is placed in a 200 cc conductive rubber beaker equipped with a
hard wood stirrer operated by an air motor. The sodium azide solution is placed in a separa-
tory funnel fastened in a ring stand above the beaker containing the silver nitrate. A long
cord (10 ft) is fastened to the stapcock of the separctory funnel so that the funnel can be
emptied by remote control. The silver nitrate solution is now stirred very rapidly and the
sodium azide is slowly run into thle nitrate solution. Stirring is continued for 5 mAinutes.
The conten"a of the beaker are filtered ýhrough folded filter paper and washed free of sodium
azide and silver nitr•te with distilled water.

Silver azide should be stored under water In a conductive rubber container. This prepara-
tion will yield approximately 7 grams.

The preparation should be conducted under a hood and behind a barricade. The product ob-
tained by the above procedure has a very fine particle size, almost colloidal. Very fine sil-
ver azide is safer to handle and is Just as efficient end stable a" the large, coarse crystal-
line uaterial (Ref b). When a thin film of fine silver azide is precipitated on mercury ful-
minate tetryl, etc., these substances are as efficient weight for weight ac pure silver azide
(Ref g,. White silver azide is less affected by light than mercury or lead azide (Ref h).
Lung colorless crystals which explode on braeaking are obtained from amomium hydroxide.

Origin-

Silver azide was first prepared in 1890-1 1y T. OCrtius (Bar al, 3032; Bar 24, 3344-5) by
passing hydrazoic acid (Hw ) Into neutral silver nitrate solution. Taylor andlinkenbaeh pro-
pared pur* "collodial" agggegatee and showed its sensitivity depends upon its particle size

- (Army Ordnance 5 , 824 (1925). Silver azide was found in a detonator of foreign amnmition for
the first time tn 1945 (Ref i).

Ref.±ncesI
69

(a) A. R. Hitch, "Thermal Decomposition of Certain Inorganic Mrinitrides," J Am Che Soc
)0, 1195 (1918).

(b) C. A. Taylor and Wm. H. Hinkenbach, "Silver Azido: An Initiator of Detonation," Ar
Ordnance, Vol 5, p. 824 (1925).

(c) E. ID W. S. Colver, High Eaxlosxves, London and New York, p. 527.

(d) A. Stettbachsr, Spreng u. Schiesstoffe, PAscher, Zurich, p. 9T' (1948).

(e) A. l.rshall, Thcloi ase, 2nd Ed, Vol II, p. 767, London.

(f) A. Stettbacher, Z ges .chiess-ýS)renastofM 10, pp. 193-214 (19A.3).

6 9 see footnote 1, page 10.

): • • I . __,_••1'• ,, . ,,,- •,•l,,s •-:•,• '•••.',,'.,- '•--•- .... "322_ •:- -'-
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Slver Azide AMCP 7064177

() F. lecht, Chim et Ind Special o. 921-5 (June 1933); C. A. 28, 6Z4.

(h) L. Wahl-or and W. Krupko, Biericte Z., 204T-2050 (1913).

(i) F. 0. Haverlak, xmination of 120/45 M@4 HE Shell, Italian (WAM-.64), PATR No. 1515,
10 April 19458

82
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AKCP 706-177 Tt-., .(

compoition. MA -,ior Wegh1t: (cA 8 K10o) 188

C i•. 8 CO0, '•V -60
Nil NH CO % -43

H 4-.3 1 40'
C-KH.-Nll-N"mN-rN 74.4 1 \ D*.*Gkgm/cc At 300 psi 1.05

0 8.5 N2 -iw-no '4: L ploes 140460

C/H Raoio. o68 Froee..n Pomn: 'C

hopd olkviyj, 2 Kg Wt: "ga Point: *C
Bureau of Mines Apparotus, cm "Sample Wt 20 mg Rafrove Imiex, nu
Picotinny Arsenal Apparatus, in.2; (8 Oz vt) 8

Sampie Wt, mg
30

Frictieo Poeduk•m Teal: VycM~ 5"bAW '7e:
Steel Shoe cc/40 Hra, at
Fiber Shoo 90"C

WIlk Ielieo 1l"Pot Tao: Trials 120"C
% 135'C

Explosions 3*

Portialls _5_1C

Burned M00 Geem Bmb Sd Toel
Unaffected JA odtfuse '4.( 28.0

uLLee ,. Tees0seehe: Se4sity te "init.i a.i
Seconds, 0.1 (no cap sed) Minimum Detonating Charge, gm

1 Mercury Fulmincte 0.40
5 160 Leod As IWe

10 Tetryl
is
20 1eIeltk Moser, % TNT2

Teval Tea, % TNT: (a) 61
753C IunefmelI Heel Teao

%9 LoIn 48 Hrs 0.5 Poee Doam Toot
Method

I 00C Heet Teoo: Condition

% Lou, Ist 48 Hrs 23.2 ConfIned

% Lou, 2nd 48 Hrs 3.4 04ensity, gm/cc

Explolion In 100 Hr Nlone Brlsance, % TNT

Doleeelie" RON:
Fl bdlV l edeyh Confinement

Condition
Hysmooleity: % 30OC, 90% RH 0,'rT Charge Diameter, In.

V.eletiJ;l7 Density, gm/cc
Rote, meters/second

J24
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Te't, ,cme AMCP 706-177

FroeeOkef TOW rsbepe OWN* ffstreee TNT 100:-

90am "I, M71 Preeesila Le. WC-91h Gls Cones, Steel Cones
Density, gM/cc Hole Volkme
Charge Wt, lb Hole Depth

Te "e " .4 FVe I IC lo: Pa lo yellow
Far TNT
Far Subect HE

Fcw Suject H h lpel Ueee prissing co~opoitlons and
3 lochk H. M42AI P"eoctile, Lot KC-5: tonators

Density, gm/cc
Charge Wt, lb

Teoel Ne.. ef Fregtleeue: of Leedi, : Pressed
For TNT
Fro Subject He

F-egs"ee Vel4*Y: ft/sec At 3M psi 1.05
At9 ft
At 25% ft Sweer:

Density, gm/cc Mei|• d Wet

Bl•e (R1oe te TM) Hozord Class (Quontlty.f Dig 1 ) Cleao 9

Ain CompatbilIlty Growp Group M
Peak Presure

Impulse Exudotlao

Energy .. . ..

Air, Coalood: Solubility:

Imprulse Practically insoluble in voter, alcohol,
acetone, ether, benzene, carbontetrechloride

UIde Woets or ethylenedichlori de.
Peak PressureIPulksse Sensitivity to Electrostatic
IEnpule Discharge, Joules: (b)

Unconfined 
0.010

Usdeflrseed: Confined 0.012
Peak Pressure Heat oft
Impulse Explosion, col/gm 658

Energy Gea Volume, cc/gM 1190

Initilting Efficiency:
Tetracene is not efficient in initiating

high explosives.

325
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AMCP 706-177 Tetracene

Preparation:

(Rinkenbech and Burton, Army Ordnance L.2, 120 (1931)).

Tetracene is prepared by dissolving 5 gw4 of amlnoguanidlne dinitrate in 30 cc of water,
cooling to OC and mixing vith a solution of 2.5 gms of sodium nitrate in 15 c' of water. The
temperature is maintained at about 100 C and 0.5 gm of acetic acid is added. The tatracene
separates out and is washed •ith water, alcohol and ether. It is then dried.

Tatracene may also be prepared by placing aeinoguanrdine sulphate and sodium nitrite in a
large beaker and adding water heated to 300C. The heat of reaction causes the mixture to boil;
afier standing for two or three hours the separated tetracene is filtered off, washed thoroughly
and dried.

Origin:,

Tetracene wea first prepared In 1910 by Hoffman and Roth (Bar 43, 682) who also studied its
chemical reactions and determined its structure (Hoffmn et al, Ber 43, 108T7, 1866 (1910); Bar
j-j, 2496 (1911); and Ann 180, 131 (1911)). W. H. iunkenbach and 0. Buirton made an extensive
study of tetracene and descrbed Its manufacture and exploaive properties (Army Ordnvace 1,
140 (1931)).

Destruction by Chemicel Decomposition:

Tetrcene is doccepoA by adding it to bolng water and continuing boiling for soe timi
to inLuu comlete deompoeiti:-.

References. 70

(z) D. MacDougall, Methods if Physical Testing, OMW RFport no. 803, 11 August 1942,

L. C. 8.ith and . 0. Wstvr, Physical TeMstIH of Eplosives, Part IIl - MiscellsneoMS
Sensitivity Neats; Parforuance Nosti. oSSW geport so. 5T46, 2710obr1945,

(b) ..W. Brown, D. H. Kslo"r &a r. C. Oibson, .Sn"Altivit1 of..lOsiw e , to itiation
by Electrostatic Discharges, U. S. Dn~t of Zat, auVV S U 0W 90

Cc) Also se the following Pliatiany kAaseal '.hniaml irports an Titracene:

0 1 -1 i 3. i

145 1.1 1453 1104 4oiT 318 859
21614 2179

70Sa footnoce 1, page i0.
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Tetranitrocarbazole (TNC) AMCP 706-177

Ceswpseitmeo; M ereauWeighit: (C12HIN5, 8 ) 34T
% ON H NO "-ge f e

C 11.6 yC % -85

H 1.4 CO % .30

N 3 MeNng Pont : 'C Pure 1,3,6 , 8-isamer 296

4 o 37.0
C/H Ratio 1.o32 FPmedia Polt: 1C

IMpeOt Sensitty, 2 Kg Wt: "elUg Pelet: C
Bureau of Mines Apparatus, cm 100+

Sample Wt 20 mg Refractive lIde, no
Picatinny Arsenal Apparatus, in. 18 0

Sample Wt, mg 14 ns

FAction Penduhlm T*O: Veinm Stabillty Test:

Steel Shot Unaffected cc/40 Hrs, at

Fiber Shot Unaffected 9O0C
100'C 0.2

RIfle IMlkt impect Ts: Tr•Ias 120'C 0.2

Explosions ;35'C

Portlols 1501C

Burned 200 Gr.ai Nmb Seed Test:
Unaffected Sand, rn 141.3

Elapeson TeaPereltve: 4C Sepeeltity to Imletlee:
Seconds, 0.1 (no cp uAd) Minimum Detonating Charge, gm

Mercury Fulminate

5 '1aouposes 14,7 LeOW Ax We 0.20
10 Tetryl 0.25
15

20 11olk~ Meeter, % TNT:

Travul Toet, % TNT:

75WC Interetlel Heet Yos:
% Losts In 48 Hrs Ph" 0ee Tram

Method

1001C meet Tet": Condition

% Lou, Ist 48 Hrs 0.15 Confined

% Loss, 2nd 48 Hrs 0.05 Density, gm/cc

Explosion In 100 Hrs Uone 8rsne, % TNT

0000eest14 RONS:
Flemmebity Inde* : Coflnement

•, Conditio

Hyorescqclty: % 30'C, 90% RH 0.01 Charge Diameter, In.

Density, gm/cc
Vefe~liy: Rote, meter/second

.-27
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AMCP 706-177 laranitrocarbazole (TWO)

Vw400001110101 Tooh Oweed Cbesp Elfeeaehesew, TNT =100i

90 m H. M71 Pm*es21e We WC-91 t Gloss Cones Steel Cones
Density, gmn/cc Hole Volwiie
Charge Wt, lb Hole Depth

TeWlNe ofe Fregmelgo:
For TNT 6nLgtylo

Fat Subject HE
Peledgod Usuu Co4onent of Igniter and

3 look H. tA42A1 hrejst", We KCJ3: pyrtchnic compositions8

0eelty, gmf/cc
Oiargov Wt, lb

For Subject HE

______________________ Loedleg DeAky: gmv/cc

PigatVolecity' ft/we
At 9 ft
At 25%, ft Seae
Deaftý, gm/cc

Me~tod Y

Ow 1slth(elt. to ImT) Haz* ClagssCotl-Itne Class 9

Ain Co paitblilty Group
P211 Pressure
fimpulse EJ~Wdotn

Alt Cewfloeds Solubility Ini Weter,II gM1/lO0 gm (%), at:

950C 0.10
usda Woler:

Peak Pres~sure qualitative Solu~bilities:

tnpuJlss Solvent Solubility

titrobeozeue Very soluble
Acetone Soluble

Pea Prsm Z~.nzeno Insoluble
Chloroforts Insoluble

Impuse arbontetrachloride Inso~luble
Energy Ether Insoluble

2ther, petivlous Insoluble
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-- ./

itrorArbezole (TUC) AMCP 706-177

Pr~epration, H

H

Sulfonstion: Fifty-six gms of cArbazoli. is dissolved In 320 gma of %am (6% specific
gravity 1.84). The solution is agitated during the addition of the carbizola and the teiaprs.
ture maintalned at 250 -35 0C. After the addition of the carbazole is completed, the agitation
is continued and solution completed by raising the temperature to 80o-850C and minitaining
this temperature for wne hour. The sulphate is now cooled to 20°C.

Nitration: The aulfonate solutior in slowly added to 168 gas of 5303 (Plant grade specific
gravity at 150C) maintaining tha temperture at 300 to 50't. (Time required - I hour 25
minutes). The temperature is then gradually raised to 700 tW 75°C and maintalned for one hour
after which the tempeaturo is raised to 850 to 9000 and hbld for one hour, than lowered to
roo teaerattire before drowning.

Drowning: The nitration mixture is drowned by pouring it into 2 to 3 volumes of ice and
wetar.

F t A he s ted light yellow product is filtered on a Buchner 7Imn=l and wahed
wItF ter i7Rce to remove most of the acid.

Purification: She MC Is placed in hot water (950 to 100 0 C) and boiled for five to ten
minutes with rapid agitAtion, allowed to cattle than filtered and washed once. This proce-
dure is repeted twice, making a total of thuee "boiling•," The final wsh Is asid free.

D %he 'SC Is spread in a thin layer end dried at 1000 to 1100C for four hours.

Yield:* 73.3%.

Neltlng Point of TXC as prepared: 2800C (compares to 2960C for pure 13,6,8-isomer in pro-
cedIgdata)

Origin.,

The preparation of Totranitrocarbazole (TNC) wve first reported in 1880 by C. Graebe (Ann
202, 26 (1880)) who nitrated earbazole with 94% nitric acid. S•milar proce•'ures vere followed
bys. Escales (Bar S7 3596 (1904)) and P. Zierch (Bar 42, 360 1909)3 However, 0. •1. Ciai-
cian and P. P. Silber observed tke forwation of four imsario INC s when acetyl carbezole vas
treated with fumin nitric acid (Gazz chIn Ital 12, 2T2 14W1 In 1912 and 1913 patents were
issued to the dyestuff mnaufacturer, Cue*llA and74opay, covering the preparation of polyni-
trocarbazoles (German Patent 268,173 and French Patent V6,538). The Casella proeees of
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AMCP 706-177 Tetranitrocarbazole ("Nc)

preparing polynitrocarbazoles by dissolving carbazole in sulfuric acid and treating the solu-
tion of sulfonic acids with strong nitrating agents is essentially the procese used today in
the United States. The crude product, thus prepared, contains principally 1,3,6,8-TC (w.
Borsche and B. G. B. Scholten Bar •0, 596 (1917) and about 10% of the 1,2,6,8-TC isomer
(D. B. Murphy et al J Am Cflen So 7, R4289 (1953), TNC was used in explosives by the Germanas
during World War II.

Fieferences: 1

(a) D. B. Murphy, F. R. Schvartz, J. P. Picard and J. V. R. Kaufman, "Identification of
Isomers Formed In the Nitration of Carbazole," J Am Chem Soc, 1, 4289-4291 (1953).

(b) S. Livingston, Prepaxwz•on of Tetranitrocarbazole, PA Chemical Research Laboratory
Report No. 136,3-,, U ArMI1951.

(C) D. B3. Mi4rphy et al, Long Range Basic Technical Research Leading to ýhe Develooment of
Improved Ignition '1pe Powders - Me Chemistry of Tetranitrocarbazole, PA Memorandum Report
No. 22, 2 Septemher 1952.

(d) S. Livingstono Development of Improved Ignition Type Povders, PATR No. 2267, July 1956.

(e) Also see the following Picatinny Arsenal T•cbnical Reports on Tetranitrocarbazole:

o 2 .24 1
2180 1802 19T3 19B4 1647

1937

7ISe footnote 1, pager 10.
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2,4,2' ,4' -Tetrntro-oxai1ide (•0) AMCP 70-677

Compostiola.: Molcu••ar Weight: (C10 8 N6 01u) 420

C 1.0.0 C Oxr0 Ba lance:
CO, % -84

H 1.9 NH Kt CO % -31

N 20.0 No 2  NO? Density: gm/cc

0 38o1 me" Peit: IC Decoqates 313

C/H Ratio 0.735 02 2 FMr ial Poat: "C

Imapect Se.al.vty, 2 Kg Wt. "elA Point: 'C
Bureau of Mines Apparatus, cm ""

Sample Wt 20 mg etahetre Index, no
Picatinny Arsinal Apparatus, In. 3u

Sample Wt, rng 11 11a
nO.

F.ItW fPendlvae Too: Ves... Steilily Teow

Steel Shoe Unaffected cc/40 Hrs, at
Fiber Shoa Unaffected 900C -

11001C .

Rifle hwllet Impect Tee: Trials 204C

Exploson1354C
Partials 150"C

Burned 200 Gee.Ilmb Sae Teot:
Unaffected Sand, gm 16.3

Expl•esel Temperetu•e: 'C Sees" te nlametleat
Seconds, 0, 1 (no cop used) -- Minimum Detonating Charge, gm

I Mercury Fulminate
5 392 Lead Aside 0.20

10 Tetryl 0.25
15

20 h114dltk Metter, % TNT:

Tmecd Teot, % TNTi
75'C lafernetlen l H oet T ot: MTo

% Loss In 48 Hrs MeDeatTeel:
Method

100'C Hee Te•o: Contdltim"

% Loss, lit 48 HNr 0.07 Confined

% Loss, 2nd 48 Hrs 0.00 Density, gmn/cc

Explosion in 100 Hrs Nov.* Brlsonce, % TNT

Deoatione Rete:
Flemmaebllty Index: Conflnerent

Condition
Nygreseplilty: % 63 0 °C, 90% ,( Trace Charge Diometer, in,

Density, gm/cc

Rate, meters/second

331
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AM CP 706-177 2_ ,2',4'-Tt mito-oxantlide (T0)

Flomeeletka Teao: Slooeped C . Elfmetaees, TNT - 100:

90 ~ HE, M71 Plectile. Let WC-4I: Glass Cones Steel Cones
Density, gm/cc Hole Volume
Chaore Wt, lb Hole Depth

TOWe No. of Ftagmeasof:
For TNT Ceiwi Light yellow
For ubject HE

pal Uem Co-Vonent of black povder type
3 ,fti 141, M42AI Pmiectile, Lee KC-.: ar pyrotechntic €omposition-

Density, gm/cr
Charge Wt, lb

ToWe No. of Ftsmeaft: of Ledug: Preamed and extruded
For TNT c opitioas
For Subject HE

Fugmee Veleeft: ft/sac

At 9 ft
At 25% ft hoe
-- ,-=y Om/cMethod 

Dry

shet (h4410 to." Hazard Clove (Quantlty-Distance) C~ain 9

SCompatiblity Group
Peak Pressure

lonpul" bodatian

Solubilityl g/lO0 cc Solvent, in:

Impulse 0
C

Uner Wee,: Water 1O0 o0,10
Peak Presu rltrobensene 150 105
Impulse Qusiltative Eolubilitleg:
Energy Solvent Solubility

Ethyl alcohol Insoluble
Usode"Frgr.. Benzene Insoluble

Peak Pressure Butyl e.otatie Insoluble
Impulse Carbontetrachloride Ineoluble

Ethyl ether Incoluble
Energy Acetic acid Soluble

Nitric motd Soluble
Caustlc potash Soluble
DLmethyl foremaide Very soluble
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2,i4,21,' -Titranitro-oxanilide- (NO) AXCP 706-177

Method of Preparation:00
-C +2 Heat (200oC) I I +2°
-I P NH

0" 0 0

C C I
NH NH NH

H 3 NO S 2

Plant grade
sp Sr 1. 51

N02 UO2

O2nnillde:

Two parts of oxalic acid are mixed with one part of aniline in a round botbom flask. The
mixture is stirred and heated until the reaction is cotplete as evidenced by the cessation of
sff ee he zse is cooled to ro ra temperature, poured into .everal volumes of vater
(21 -2411C), filtered on a Wchaer funnel and washed free of oxalic alld with water and then
washed free of artil!ne with acetone. The oxanilide is air dried to remove the acetone and
then dried at 1000 -1100 C.

Tletmaitro-exa*4lide (M11):

A 5 liter round bottom flask is equilped wit), a stirrer of a type which will produce a
downvard "sirl." The flask is surroundod with a water ,Jacket for hot and cold water. Fif-
teen hundred Irams (1.5 kilograms) of 98% plant grade nitric acid Is p.l..cd into the flask.
Five hundred (500) graed of oxenilids is slowly added to the acid U.aer rapid agitation while
the teaq., rature xe maInteined below 4 0°C. After the addition of the oxanilide is ccapleted
(2-3 htl.), the agitation is continued 10-15 minutes. The temperature is then raised to 80oC
over a period of one hour and maintained at 8CO-85OC for 3 hours. The acid slurry In then
cooled to room temperature cnd drovwed by pouring over cracked ice. The product is filtered
on a Li,.!ner funnel and washed with water 'intil it Is almoat acid. free. The filter cake is
placed in a beakar and sufficient water added to form a "slurry." Live bteem is run into the
"slurry" utder agitation for 10 minutes. The slurry is filtered and the residue washed, The
latter treatment of the "slurry" Is repeated until the wash water is found to be neutral to
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2 ',

AMCP 706-177

litmus paper. She TNO Is washed with alcohol, then acetone, air dried akW. fInally dried at
100-.ll0C.

Yield - 90g% to 97. •% or theoretical.

Origin:

A. G. Perkin in 1892 obtained tetranitro-oxauilide dir•eý4l.' by heating a solution of finel.y
-powdered oxanilide in nitric acid. Ae also obtained the same compound by the action of a
cooled mixture of uitric and sulfuric acids on oxanilide and precipitat-ng thn product by
pouring the solutiou into vater (J Ohem Soe 61, 460 (1892).

Refeorences: 72

(a) S. Livingaton, Development of Iraprovel Ignition T'ype Povderai PATR ho. 226T, July 1956.

(b) D. Dlbrov and J. KIcrstal, I ubstitution of Tetramltro Oxanilide and Heeanitro OxiiiLide
for Tetranitro Carbazole, PA Pyrotechnic Rese-E•r LAboratory Report,54-;"1-d, N5 7 ýce•-

~(

'I

"?Se footnore 1, Pege 10.

334
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"ja

T'etry1 AMCP 706-177

Composition: Melees ver Weight: N.H 5 508) 28T

% 1. CN NO2  f -

NI 24.4 DeeuAy: gm/cc Crystal 1-73

0o 44.6J MA411114 Feinot: *C 130

C/H Ratio 0.420 M2 vpe"su reaw: *C

luapoet Seeitivity, 2 Kg Wt: Uw eni*
Bureau of Mines Apporatus,cm2

Sample Wt 20 rng Rolfteutino lades, no
Picclinny Arweal Apporatu&, In. 8 .0

Samnple Wt, ng 18 n

Friction Feaiuunsl Tost: Vea~ustebwlty Teoo:
Steel Shot Crisciass cc/40 Hm., at
Fiber Shoo Ulafet~et* 901C

1001C 0.,3
Rifle Olle~t Impeet Teow Trials 120*C 1.0

%1359C --
Explosion$ 13 1501~C +
Partil$i 54 4

Burned 10 200 GNes Illbsoen VestWiw
Unaffected 23 Sand, gm 54.2

Implosion Tempoeeov'e: Seee1tluivy to leieotwle
Seconds, 0. 1 (no cop uted) 340 Minoirnin Detonating Charge, gm

19114 Mercury Fulminate 0.2 ̂0*

Load t We0. 10*
10 238*At91v

15 236 - - inv ti-ting Cheroge.

20 234 Nel~laie Mossy~, %f TNT: (a) 130

TvrauuTooe, %f THlT: (b) 1225
WSC lutereetiesel Neow Tests

%Loss in AS Hrs 0.01 fLWetDo* Toot: Wc
______ __________________ Method A B

* 10CfletTet:Condition Proesed Pressed

* % Loss, lI t 48 Hrs 0.1 Confined Yes NO

%-~ Loss, 2nd 48 Mrs 0.0 DeI'ity, gn/ce 1.50 1. 59 1.36

Expicsiom in 100 Hra None Brisancv, %Y TNT 11.6 2.15 96

Dotesooeima Refts
Flemmehblhy Indeur' 244i Cant Irwnwmt None

0Condition Pressed
"IYgreeeplclty: % 30 C, 90% RH 0.04 Charge Diameter, In. 1.0

V.,letility: 25'C 0.0 Density, gm/cc 1.71
Rate, meters/weond T850
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A[CP 706-177 ___.

Sewser 5.asfitvity Teot: (d) Decmpsawel4wetw (f; 4 N2
Condition Pressed Oxygen, atoms/sec

Te1tryl, gm 100 (Z/soc)
Hoot, kilocolorle/moti 38.4 34.9

Wox, in. for 50% DeonatIon 2.01 (AH, kcal/mol)

Wax, gm Temperature Rnve, *C 211--260 12-164

Oenaty, gm/cc 1.58 Phase Liquid Liquid

No"m *#. AnwMier llo" Tes

Combustion, cal/gm 2925s
E~plosion, cal/gm 1080-1130 6 No. A~l psejedib

Gas Volume, cc/gm 760 50% Inert, VelocIty, ft/sec
Formation, col/gmn -14 Aluminum Flneneu
Fusion, cal/gm o (e) 22.2
Temperature, C 120 5 Geasiel pee &eOki

SpelfM tMeet; cal/go/'C()
/ / Plote Thickness, Inches

- 50 0.200
0 0.212

50 0.223 1
100 0.236 1%

larale ROWe
cm/s • k c

Bomub Drep Toew

Thermall ceatdoctvftV: (1) O 6Sw&Aý~J om ecm"cal/lc/cm'/C 5.81 x 10"4 at 1.394 gm/a T7, 200-lb Semd..AuesmePleeahe Iew vsCeiameh:
6.83 x 10 at 1.528 gm/cc€•tfl•el t~mmtmM"x Safe DrWO, It"

C..HMieso of Il pewlea
Linear, %/'C 500-lb Go Popeee teomb w Cer.eea s

Volume, %/C Height, ft

"T'rials

Iferdoess, M4' Sl Unatfeocted

Ysv*9A Mewl"m Low Order

C. dyn/cm 
High Order

E, lb/Inch1  1000.Ib Gaeftel Pui•poe iomb v Ceiscele

Density, gm/cc
Height, ft

Csmospeslie Stwesofis lb/Inch1  
Trials
Unaffected

Ve PweIF tog Low Order
0C mm Mercury High Order

3.36
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Tetryl AMCP 706-177

Fresmeatatfi TeAt- Shaped Charge Mtctflvasas. TNT 100:

90 mm HE, M71 PIejaimcle, Let WC-91i Gloss Cones Steel Cories

Density, gm/cc 1.58 Hole Volume

Charge Wt, lb 2.052 Hole Depth

Total Ne. o1 Fea do w Colo LLi:ht N el low

Fcw TNT 703

For Subject HE 864
PuAdnl tUses: Booeters; ItIureuoLurI' ol'o ja ,-

3 Imih H14,M42AI P.lecssle. Let KC-5 aive xtudie, en1.orc. u:,.

Density, gin/ex 1.62 blasting capc

Charge Wt, lb 0.81,8

TOWm Ne. ef FrMOeg"s e ef L.Ndof Pressed
For TNT 514
For Subjelct HE 605

__,_....._ Leedleg Deaity, grio/cc See t'e*ov

Irres"60 Veuincty: ft/wc
At 9 It
At 251 ft

Denslly, gm/cc
Methd

Ihot MRelloe to TNT)I Hozrd Claus (Quantlry.Dislunce) (Armse ,

Akt Comipatlbillty Growp uro.,t,
Peak Presusre

In"Ilo Exurwtlon D"oes not, exftdu at ':P'
Energy

Air, ¢,Loflah 1ding Dendity: 3m/'cc
impulso Caut 1.62 Preseed pal x 10

3

Uwder Wet*e: 0 3 5 10 12 1,
Pock Pressure 0.9 1,4o 1. 4r 1. 57 L.,0 1.03 L..(.I
Impulse

Energy 30)

U*ea4k reur Effect of "mpermture I,$ (,:)
Pock Pressure Rat e of I MRon'tlonI.
Impulse 16 ror at, a C
Energy Density, g/ce. :.1."3

Rate, i/see T1i' ;0 7t70

-,,37
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AMCP 706-177

Preparation:

(Manufacture of Tetryl by Dinitromonouethylaniline Process, Wannamaker Chemical Co., Inc.)

C6H3 (NO 2 )2 c CIH Pit2 + H&OH -- VC 6 H 3 (i 2 )2-NH-CH 3 + NHad + H 20

ue3 ( O2)2 N -3 . RO 2 H 3 C-N-N0 2 N0

NO 2

To a solution of 202-5 gm dinitrochlorbenzene in 200 cc benzene, at 750C with good agita-
tiou, in 15 to 20 mivates, add 112 gm of N0% aqueous monomethylamine. Then add 129 gm of 31%
aqueous sod~ium hydroxide, in 15 to 20 minutes, at such a rate an to cause rifluxing; continue
agitation for 3 hours at 700C. The mixture is concentrated to a liquid tespersture of 1010-
1020C, cooled, filtered and the precipitate washed with distilled water until the washings
give no test with silver nitrate, dried at 600 C (mielting point 16T.2'00).

The dinitrociethylaniline Is nitrated to tetryl by solution of It in 88% sulnuric acid (197
gm nitroaniline/12.0 gm sulfuric) at 25CC1 Zollowed by add~ition of nitric acid. The process
is carried out so that the water content remains at 16%. Solution (per 197 gm nitrosniline)
requires 5 to 10 minutes, nitration, by addition of the sulfuric acid solution to nitric acid,
about 1 hour at 300C, Plus £48 minutes st 50 to 550C at the end. "Ihe mixture is then cooled
to 200C and filtered. The tetryl is dumped into 1 liter water, washed 2 or 3 'simes with 200
cc cold water, and then stirred 10 to 15 minutes at 50 OC with 500 cc water, filtered larm and
then washed with water until the washings are neutral to methyl orange. The tstryl dried to
constant weight at T00 C weighs about 270 gin.

Tetryl fll~ered from an acid containing 87% sulfuric acid (or more) -13% water, at ~4000
(or over) may fire in 30 minutes to 1 hour and 30 minutes, if not drowned in water. A safe
nitrarion procedu:rd, even on plant scale involves:

1. The concentration of sulfuric In the spent acid is maintained at a low level (approx
80/1.6/18.2 sulfuric/nitric/water).

2. Nitration maximum temperature is 50C

3. The slt'rry is cooled to 350C before filtration.

4. Filtration time prior to drowning, is minimized (15 minutes maxi7Aum).

The crude tetryl produced is recrystallized to remove impurities end occluded acid and to
control its granulation.

:1:18

3ý
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AMCP 706-177

Tetryl

Sensitivity of tetryl electrostatic discqarge, ,joules; through 100 mesh: (M)

Unconfined 0.00T

confined 4.4

Solubility of tetryl, grams in 100 grams (ý%) of:

Water Carbon tetrochloride Ether 951 Alcohol
oc Oc cc • o~
0C I- - A ZC

0 0.0050 0 0.00o- 0 0.188 0 o.30
2 0 .005 P0 0.015 10 0.330 10 o.425

40 0 .0110 40 0.058 20 o.418 20 0.563
0.0810 60 0.154 30 0.493 30 0.76

100 0.184 50 1.72
75 5.33

Chloroform Cbon disulfide Ethylene dichloride Acetone

-O 0COC 2
0 0.28 0 0.009 25 4.5 20 75

20 0.39 10 0.015 75 45 30 95
40 1.20 20 0.021 40 116
6o 2.65 30 0.030 50 138

Trichloroethylene Ethyl acetate Benzene Tolue.ne

0 0.07 20 ow 40 20 7.8 20 8a
20 0.12 30 10.0
40 c.26 40 2.2.5
60 0.6T 50 16.0
80 1.50
86 1.76

XyLene II

20 3.3 80 82
3o - 4.4 100 149
40 5.4 x2 645
50 6.0

Origin:

Tetryl we first described in 1879 by Lichler and Mayer (Bar 12, 1792), van Romburgh and
Martens studied its properties and proved its structure (nec tray chim 2, 108 (1883); 6, 215

(1887), and Ber 9, 2126 (1886)). Tetryl was not used as en explosive until World War I.

IB3O

.L .. • • •m '•: .i•T"'••P•Ir• •".• •M :I l~• • •• ;im m
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AMCP 706-177 Tatryl

re.ttnction by (,hemicnl Decomposition:

Tetr1 is decomposed by dissolving in 12 times its weight of a solution prepared from 1.
psrt by ielght of sodium sulfite (Na2 SO3.T 20) in 4 parts water. The sulfite solution may
be hea•tei to 80 0 C to fncilitate decomposition of the Tetryl.

,eferences* '3

(a)'' L. C. odtb usnd E. G. aster, Physical Testing of Explosives, POrt II - Miscellaneous
-Sonslt'(vity Tests, Performance Tests, OSRD Report No. 5TT46, 27 December 1945.

(t) Ph Naoum, Z ges Schiess---Sprergstoffw, pp. 181, 229, 267 (27 June 1932).

(c) V. P. MarDougall, Methods of Physical Testing, O52 Report No. 803, 11 August 1942.

(d) r.. C. Smith and S. R. Walton, A Consideration of RDX/W~x Mixtures as a Substitute for
Te'.i.l in roters, NOL Memo 10,303. 15 June 3949.

(") C. P. juylor end Wm. H. Rinkenbach, "The Solubility of 2%'initro-Pbenylmethyl-Nitrosine
.Tetr;i.) in 0rganic Colveots,' J Am Chem Soc U, (1923) p. 10l

(f) E. H{utchinaon, The Thermal Se-sitiveneas of Exlosives. The Thermil Conductivity of
K.xolo'iv ýM, erials, AC 2M61, •irs' Report, August 1942.

(,) l. .1. Finkelstein and G. Gamov, Theory of the Detonation Process, NAVORD Report No.
'N-•C. &N April 1947.

"(h) M. A. Cook and X. T. Abe", "Isothermal Decomposition of Explocives," University of
.•UJh. IM ,ng Chem I09o-1095 (June 1956).

(L) J, W. Brovni, D. H. Xualer and F. C. Gibson, Sentivity of Explosives to Initiation
, 'y IIu'tri'omttlc PNscharges, U. S. Dept of Int, An oM i,51, 19!6.

( V. I'. Mc•urry and T. W. Stevens, Detonation Rates of the More Important Military
i:t1.'lolve. • Ueveral Different TeEeratur, PATH No. 30 November 195b.

(k) Alco see the following Picatinny Arsenal Technioal Reports on Tetryl:

11 13? 4,3 84 6ý 266 117 28 129
!a .61 58& 493 144 195 556 197 438 179

'70 3.8 832 623 2,94 425 786 637 628 319
6,10 652. .k2 833 314 525 986 707 708 609

1t•) •6l 129"2 863 6A4 565 1086 807 788 709
P.')O 104. 1352 1113 74 6P5 1126 837 838 849

11'3O12. 1372 1373 784 635 1316 857 1418 999
i!3' 1261 14o2 2053 874 845 1376 1047 1788 1029
1400) 31L 11,52 2163 904 925 1416 1137 1828 1209
1Lf.O 1431 1592 2233 1134 1145 1446 1287 1838 1379
"ý)00 A.); 1164 1285 1466 1337 1429
j'10 1611 1234 1405 1556 1367 1489
,£o 1A5 1264 1585 1636 1437 1819

2024 1885 1956 1737 1969
2204 1935 17Y7

2105 1937
2125
2205

( !o.

U'o
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T.etzytol, 80/20 AMCP 7o6-177

Melleculer, Woolit: 274

Tetryl 80 -52 11414:CC%• -52

D••".y: gm/cc Cost 1.,51

Mosm"~ rap" C 68

C/H Ratio prowu* Polo" IC

l..g*o SearPW ty, 2 Ke Wts Neollin NPlo "C
Bureau of Mines Apparatus, cm 28

Sample Wt 20 mg Refmresfv Imldexs n
Picatinny Arsenal Apparatus, in. 9 n

Sample Wt, mg iT
110

Purtlow Pendulem Test: ve ..m S..4U.1y Tew|
Steol Shoe cc/40 His, at
Fiber Shoe 901C

1001C 3.011the laUll~ Ileaict Tools Tr{ials 120C]1+
12' 131+

Epktokwk 0

Pautlls 20 1 S0C

Burned 0 200 Gram lmb lead Teal
Unaffected 80 Sand, gm 54.0

"Espele Temponihiih:oo * ssaubfr4 tS h~suebStI
Seconds, 0. 1 (no cap •ad) Minimuo Detonating Chagew, gm

I Mei•y Fulm4nots O.22*
5 Ignites 290 Load Aside 0.7*

10 *Alt.T kve, Initiating oherges.
15 ineuis; M*"#, % TNTS

TOs Too, % TwT,

75'C low I.4. Noet Teolo ' e Te-

% Loss In 48 Hrs Moo Dow Tow:

11001C moeo Tse Condition

% Loss, Iit 48 Hrs 0.1 Confined

% Loss, 2nd 48 Hm 0.5 Devaity, gm/rc

Expsion In 1O0 Hrs None BrisaCe, % TNT

D1#eee#1 Rafts
ybmdmbi•Y NOWns 'WIJI.1 not continue to bu Confineent

"Ityesole~pbyt % 0.02 Cho"g Diametew, in.
VoIWW,,Dervt, qm/cc

Rate, ,nerers/secor4d

.%r
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AXCP 706-177 Tt

UwaeteeTom. Shop" Chm"g Effectivesesse TNT =100:

90 mas HL M721 Pswjetilh LOe WC,9. Gas5zs te

Density, gm/cc Hl our
Charge Wt, lb Hl et

For TNT ClnLgtylo obf

Fos- Subjet HE

Uewglpal Uses:dy ft/scemltin lok

D'enisity, gm/cc

TOW M . ofFro~mnts:Metbadof

Fot ree4.t TNT) aadlss(artt.son) Cls9

Alority Cotbliy r4CGoC

Peak Pressure
Impulse Ex, flMon Ibu4.s at 650C
Energy _ _ _ _ _ _ _ _ _ _

Ale, Ceofimbse

U"", W~~~
peak preosu"
Impulse

E-0

I'kPressure

In-use

U42
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Tatrytol, 75/25 AMCP 706-177

A44C~lt~uu eg 270

Tetryl 75 OCm %.Ie54

TT25 (:0% -1.2

Density. am/cc Cast 1.59

m.Iiti.Point: C 68

C/H Ratio Fr..eiag Point. C

1ecSeeI0i0 2 K41 Wts Aelse pewt -C
Bureau of Mines Apparatus, cm 28

Samaple W#t 20 mg "3ef.ctive Iedeim n n
PIcatirony Arsenal Appuiatfus, In. 2.0 .

Sample Wt, mg 1T7n

Frictio Peedailam Test: o~ Pabay'jvi
Stool Shooe crack cc/40 Hrz, at
Fiber Shoe UnAffeat*4 900C

Rifke bikle Impact Tooll Trials 1000C 3114

EQpkiions 0
Poortials 30 150C

Ourned 0 200 Gee". Bomb sedm Tows~
Unaffected TO Sand, Wvv 53.7

Socoleass TOMOge.*": OC Sw*M~ev~ty te adweteas
Seconds, 0. 1 (nao cap use) Minimum Oettanatng Coiarge, Wa

I Merctgy Plrinaate 0.23w
5 Ignitea 3L0 Leod Azid O.1q*

10 *A1t*Trjvev initlatitig chsw.*oo.
15
20 I.804k A$ '% TNT; (a)12

_____________________________ 1'amwl Toe, % TNTS

%Lo" in 48 Hrs ft" wk es"uu (b)

H"O' veloe Cast CCadst

%Lois, Its 40 Hrs NOfne 1 Yes

% Lo", 2nd 43 H9s Densit, SM/co: 1.66 1.62

Explosion in 100 Hr. w w o ' . 111.

fla.MIvIwk Will not contiaiu to burn Ccnflinamwonth
-- Condtion Csat

""VYW kPvV % 0.03 Ch ~ UonI~wer in. 10O

-- Density, gms/cc 1.60
Vs .*le~:Raft. nite/wCond 7385

343

.... .....
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AXCP 706-177

Fmtimeetet m Tow Sbaed Change tsfec*i eme, TNT = 100:

90 mm HI, M71 Projectile, Let WC4I1: Glass Cones Steel Core (d)

Density, gm/cc 1.59 Hole Volume 127
Chorge Wt, lb 2.101 Hole Depth 120

TOWe Na. ef Fmommmh Cor. Light yellow to buff
For TNT 703
For Subject HE 857

Pvlalpel Ueee •uruteral, demo, litlota blocks

3 Ilh N1E M4.A1 •mjeflh, Let KC-S:

Density, gm/cc 1.60
Charge WO, lb o0845

TeOWl No. eq FW,"Oom; Moth" eof Led6,g Cost
For TNT 514
For SubjKt HE 591

limd~le Deadly: gm/cc 1.59

A.'9 ft
At .154 ft ,eeg

Demlty, gm/cc
Method

OWl (Rell•64 to TNTU Haord Clas (Quantlty-O.lstorce) class 9

AkM Com~patibility GCOup Group I
Peak Pressure

IIln-il LVudAtaln Exudes at 650C

Ai,, c e4*14* Euteal.1ct e retre, 0 C. 67.5
hNWls go Tetryl/100 am TNT'

67.50 C 54-82
U*deq WW*"r

Peok Premsae Booster Senaitivity Testt (C)

COndition Ntast
Enery tNtryl, am 100

Wax, in. for 50% Detonation 1.66
U,-.ee*d.' Deality, LU/cO 1.66

Peak Pre,,u.e

.344
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Tetr~ol, 7/22 xcp 706-177

Cos % ..55
TNT 30 CO 9 1

Demoitys grn/cc Cast 1.6o

N.14ga eNli IC 68

C/H Ratio .mmal. ?.1.4 1c

impact Seelldv41v. 2 Kv Wt. "gas PJmf: IC
Bureau of Mines Apparatus, cm 28

Soffple Wt 20 r-9 PA~hocive Ieden.0.
Picatinny Arsenal Apparatus, In. 11i

Sample Wt, ftv 18no

Pirke Peod"eise Tgat:Veui eMlyTs

steel S9w Unaffected cc/40 Hi's, at
Fiber Slice UnaffectA4 90*C

lulmBaeIpdTa ras1004C 3.2
p4e ule IpetTet Tia,120*C 114+

Exsplazians 0 %*

Partilot 5________11__________1____

Sumad 200 Geem so" lieed To"i 3.
Unaffected45sngm3.

Secoami, 0. 1 (no cap used) ~416 Mlnm4rmi Ogentingt Okat", grn
I38T Momcwy pwmimuite 0.230

5 Zpn1t~e 320 LeadAuide 0-220
10 302

20 275 (elte~suN a () 120

- Travel Yv*s % TNTs
75'C lem-lere4ee IHeelTes: l

% Lous in 48SH.;rkboTs()
Method 3

11o0c N4ee Teel Commditia Cast

"% La"s, Ist 48 Hes 0.2. Conlfined yes

"% LwA~, 2rvd46 Hi's 0.2. /ot, W'/C- 1.60

Exploeion in 100 Hrs naoe hiIsac, % TNT 117

'4mO*WbWvy .*d"u Will flot ofltlflue to burn ConIIrn~uwrm !-

0,2Conditemn Cast
Hyge~elell: % 002 Qo"g NOlmet r, we 1.*0

ROte, mWers/sacand 73140
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AMCP 706-177

Fragmentotlon Testo So.ed Cheige Iffetnmm, TT - 100:

90 ma HE, M71 Projectile, Let WC-91: Glass Cones Steel Cones

Density, gm/cc 1.60 ý,ole Vaiun'
Charge Wt, lb 2.090 Hole Depth

ToW N of Fr1 f: 'Callo Light yellov to buff

For TNT T03
For Su~j~et HE 8Jo ____PdFj8pel Uses: Bursters, demolition bloc..

3 lack HE, M42A1 Projectile. Let KC-5:

Density, gm/cc 1.60

Charge Wt, lb 0.842

Tetal " of Frtlasgeaft: M~t fd al Leading: Cast

For TNT 514
For Subject HE 585

_LAedlal DoRye:gm/cc .. 60

PIegMeu Velocity: ft/sec
At 9 ft
At 25ý ft S404ee:
Density, gm/cc

lleat (Relative t o TNT)s Hazard Class (Quantlity-Diltance) Cl as 9 .

n C.rmpottbwlty Group Group X
Peak Pressure
SI pulse Exudation Exude it 650C

Energy _______________________

Alp-, Ceeffued:t
Inpulse

Uaoe, Weten
Peak Pressure
Impulse
Energy

Peak Pressure
Imfpulse
Energy

,l46

'0' I•• 1• R ¶ 'lq~•.....--• -=
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Tetrytol, 65/35 AMCP 706-177

Composition: Melocular Weight: 264

OXYge. Beleece:
Tetry2 65 COy %6 56

CO % 14
UIT 35

DeAtY: gm/cc i.6o

Mw Ig Fewt: "C 68

C/H Ratio Fseslag POeW: 'C

Imlpect Seafitivity, 2 Kg Wt: "hIa P.1-e: 1C
Bureau of Mines Apparatus, cm 28

Sample Wt 20 mg Refractive Imlex, ngO
Picotinny Arsenal Apopratus, in. 1a
Sumple Wt, mg 1T 7-

Frki41m Penduhm Tedt VecON.. Steaility Too:
Steel S•oe Czecka cc/40 Hrs, ot
Fiber Shoe Unaffected 901C

1oo'c 2.8
Rifle Bullet Impect Tes: Trials 120*C 11+

% 135'C
Explosions 0
Partial 10 1504C

Burned 0 200 Grew Itmb Seed Tewi

Unaffected 90 Sand, gm 52.6

Lzoel.. Tempeorehe: 1C sastivity te Ini low.
Seconds, 0. 1 (no cap used) Minimum Netonating Charge, gm

i trcury Fulminate 0.23*
5 Ignites 325 Lead Aside 0.23*

10 *AlteAr ive initiating chargel.
15

20 hlestic Moetar, % TNT:

Tr mi Tet, % TNT:
7SC Imtemeusel Heet Teo:

% Loss in 48 Hrs P Tall
Method

100*C Heea e•00: Condition

"% Loss, 1st 4' Hrs Confined

"% Loss, 2nd 48 Hrs Density, gm/cc

Explosion in 100 Hrs Brfioncr, % TNT

FlarmehiWdty hlkx: Will not continue to burn r-.fintment None
Condition Coat

Hygr.ecelelty: % 0.02 Charge Diameter, In. 1..0
Deiity, gm/cc 1.60

Rate, meters/second 7310

347

i,,pl,.
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'Pt"Y o,-

AMCP 706-177 Tetrytol, 65/35

Frawaegmlueis ToWt Skoped Charge Effeaiwlvaess. THY 100:
(d) (e)

am HE,, M71 Prejectile, Lot WC-91: Goa" Cones Steel Cones
Density, gm/cc 1.61 H-ole Volume 133 126
Charge Wt, lb 2.010 Hole Depth 120 119

T ot al N o. of F re gm e nts: C ol or; Li h y ell o w to b u ff
For TNT 703

For ubjet HE856PfneciP'l Uume Bursters, demolition blocks

3 lack H1. M42AI Projectile, Lee KC-5:,
Density, gm/cc 1. 60
Charge Wt, lb o.8415

ToW. No. of Progaseets. MoH of Looding: Cast
For TNT 514~
Foe SL,' ject HE 585 _________________________________1.6o 

__

Pregmeet Veledgy: ft/sec
At 9 ft

* . At 25yft $"aeg:

Density, gm/cc Mto r

Ih* (boitirve to TNT): Hazard Class (Quantity-Distanct) Class 9

Ain CompatibilIty 6.-oup Group I
Peak Pressure EuainEue t6lrapulsEoaio cda t6 0

Enrwgy__ _ _ _ _ _ _ _ _

Air, Ceeflaied:
Iffpulse

Under Wowe:
Peak Pressure

Inpulse
Energy

Uadersn"ea:
Peak Pressure
Inpulse
Energy
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Tetrytol, 80/20, 75/25, 70/30, 65/35 AMCP 7(6-177

Compatibility with Metals:

Dry Copper, brass, aluminum, magnesium, stainless steel, mild steel, mild seel corured
with acid proof black paint and mild steel plated with copper, cadmium, zinc or ,nickal arc.
unaffected. Magnesium-aluminum alloy is slightly affected.

Wet: Stainless steel and mild steel coatea with acid-proof black patnt are una~fectei..
Copper, brass, aluminum, magnesium, maneasium-aluminum alloy, mild steel and wild steel plaled
with cadaium, copper, zinc or nickel are slightly affected.

Preparation:

Tetrytols are manufactured by heating TNT in a melting kettle, equipped with a stirrer,
until all the IMT is melted, The necessary amount of etrjl is added and heating and aI:irril,,,
are continued. The temperature is allowed to drop from 1000 C until the mixture Is of Inextaum
viscosity suitable for pouring. Part of the tetryl diasclves in MT forming a eutectic mix-
ture which contains 55 percent tetryl. This mixture freezes at 67.5°C,

Origin:

Tetrytols were developel. during World War I1. The 70/30 tetryl/TNT castable mixture is
the moat important in military applications.

References: 74

(a) L. C. Smith and E. G. Eyster, Physical. Testiug of Elosivesr Part nI Mcellaneti
Sensitivity Teets, Performance Tests, OSRD Report ro. of i7 Debr9.' -'

(b) D. P. MacDougall, Methods of Physical Testing, OSRD Report No. 803, 11 August 1042.

(c) L. C. Saith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for
Tetryl in Boosters, NOL Memo 10,303, 15 June 1949.

(d) Eastern LAbora'cry, du Pont, Investigation of Cavity Effect, Oec II1, Vajial.tor, or
Cavity Effect w"'th EXp.osive Cog2osition, TDRC Contract WU'(2-ORD-5723.

(e) Eastern Laboratory, du Pont, 'st 00! ofCav•tEffect, Final Feport, Enstern
Lab, du Pont, 18 September 1943, NDRC oNt 672-ORD-5723•

(f) Also aee the following Picatinny Arsenal Technical Reports on Tetrytol:

0 1 2. 1 6 T 8 9

126o 1291 1372 1193 1285 1376 1477 1158 1379
1360 1311 1213 1325 14 i 1737 l•38
1420 1451 1363 v385 1466 1797 1838
1500 1651. 1493 2125 i5o6
1530 1951

A7 See footnote 1, page 10.

,.9
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AMCP 7N, -177 TNT (Trinitrotoluene)

compoeltiong M~olewuh, Weigh': (C7 H5N3o6) 227

C 3T.0 CH Osyg.. h1..c.:
3CO, % -714

it 2.2 02 N NO CO % -25

N 18.5 2Dasityl gm/cc Cryistal 1.65

0 142.3 Molting P.1stt 'C 81

C/H Ratio o. 549 N02 anitalag P6e4t: 'C

Imp•' Se stilvity, 2 KI We: "linh UP.lt 'C
Bureau of Mines Apparatus, cm 95-100+

Snmpl Wt 20 mg ,eWrctiva lWax, nO a x. 54 3o
Picotinny Arsenal Apparatus, In. 14-15 0 1.67.42

Sonaple Wt, mig ,7 T 1,'r717

Frilceio Pendulum TeOt Veauum Se&,lity YTOH
Steel Shoe Ustefetoted Cc/40 Hrs, at
Fiber Shot Unefteeted 90'r

1001C 0.10
J.14 Blullet Imp•# Test: Trials 120'C 0.23

% 135'C o.44
Exploolons 4 IOC06
Portiuls 0 ]50C 5
Burned 0 200 Goom bomb Sand rsl

Unoafected 6 Sand, gm 48-o

bgXOWOWO Tewepeeteowre: C Seasolvity to Iesltleftle
Seconds, 0. 1 (no cup used) 570 Minlinum Detonnllng Charge, gm

I 0 Maecury Fulminate 0.24*
5 N o4otr5 Led iAzide 0.2"*

15

20 Bellisti Meorte, % TNTi 8t1:4.100

Trausl Tey, % TNTI Std.100

75 C Internotie iel H oe Te0:% LOu In 48 Hri 0.014 Pt D~ Taste (a)
Method A A U

106'C Het Tot: Condition Cast Pr•esed Cost

% Loss, ist 48 Hrs 0.2 Confined Yel yog No

% Lou, 2nd 48 Hr; 0.2 Density, gm/cc 1.63. 1.50 1.61

Explosion in 100 Hrt None UrOIsnce, % TNT 100 100 100

Pleu0ebility 10.: 4 1)) 100 Conflnelment Uncornfined Unconfineo
Condition Pressed Celt

Hys"epelktyl % 300 0, 90% iM 0.03 Charge Dlometer, In. 1.0 1.0

Density, gm/cc 1. 56 1.56
Voie4Utyt 30°C N4il Rule, nvters/so•:n 6825 66404

irTW)

Downloaded from http://www.everyspec.com



TNTr (Trinitrotoluene) AMCP 706&177

Booster Uo.slitvliy Tests (c) Decemposition uque*Non: 11.4 (~1) 2.2
Condition Pressed Ce'st Oxygen, atoms/sac 10 10

Tetryl, gm 100 100 (Z/sec)
How1, kilocolorie/mle 34.4 43.4

Wax•, in. for 30°0 % tonwtion 1.68 0.82 (.H, kcol/mol)
Wax, gm Temperature Range, IC 275-310 238.277

Density, gm/cc 1.55 1.60 Phase Liquid Liquid

Heot 0: (d)
Conbustion, col/gmn 362o Aeuse Plate Impec Test:
Explosion, cal/gm 8mm Pocie: (J)

Gas Volumc, cc/gm 730 50% inert, Velocity, ft/sec )1100
Formation, cul/gm 78.5 Aluminum Fineness

Fusion, cal/gm o 22.34
Temper•ture, C 79 500-lb General Puapse lembs: (0)

•peoolk Hest: cal/gm/'C
C Plate Thickness, inches Trials % Inert

""d 0.309
0o 0.328 0 0

50 0.353
80 o. _T34 11/4 0

11/4 4 100
.4 14 50

Bournng Ugtes
cm/seu

lomb Drop Test:

Th.,ol edudtiviys
cal/s4/cnm/*C Set next page. 17. 2000-lb Semt-Armor-•lerti laemb v Cowcene:

* Ceefflcientof$ IEpensle. (b) MOax Sofe aDrap, ft 5000-6)00

Lineur, %/'C -4f.0 to 600 C 5r,4 x 10:- (b) 500-11 Ge tei.o pueee ohmb ws Concrete:
-W10O to 6o0 C 6.7 x 1055 No Se&l Seal

Volume, %/'C 270 to 800C 16 x 101. (b Height, ft 74000 14-5,000
160 to 7 0°C 26,3 x (0.5 Trili 26 20

Iela.eo, Mels' Seeksl (e) 1.4 Triafc 26 20
Uisaffircted 24 20

(b) Low Order 2 0L ~•sM~ll b 00High Order 0 0

E', dynos/cm 5.,45 X

E, lb/lnch' 0.79 x 106 1000-lb General ?a oe Bomb VI Concrete
Density, gm/cc 161 No Seal Seal

Height, ft 5,0<00 5,000
Compressive Streanth: lb/Inch' 13800i14000 Trials 21 26

Density, gtn/co 1.62 Unoffe cted 18 22

Vapeor Pressures Low Order 0 0
.C mm Mercury High Order 3 14
80 o.o042
85 0.053
90 O.o67
95 0.085

100 0.106

:N5
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AMCP 7O•(A- 77 T (Trrinitrotoluene)

F,,gjm-tetlion Teoo: Shoep" Charge Effectiveness. TNT 100:

90 mm ME, M71 Prjetile, Lot WC-91: Gloss Cones Steel Cor=as

Ocrslty, gm/cc i.60 Hole Volume 100 2.00
Charge Wt, lb 2.lo4 Hole Depth 100 100

Total No. of Fragnseft,:
orTdlNT� 03 Color: Light yellovFor TNT 703

Fir .ubjcct HE 703
Principal Us".: GP bombs, HE projectiles,

3 lack ME, M42A1 Projectile, Let KC-5: demolition charges, depth charges,
grenades, propellant compoitionlsOe,b.itv, on,/cc i. 60

Charge Wt, lb 0.848

Toal Ne. ef Frgments: MaeHad of Loading: 1. Cast

For TNT 514 2. Presad
Foe Subject HE 514

Leo"ldg Density gm/cc See bilow

Frogme~t Velocity: ft/sec (k)
At 11 it 2600ft 25, It 2360 Ster.)ga:

I 'Oo•nsity, gin/C, 1,-58

Method DrY

* tit (Relative to TNT): Hazard Class (Q•ntity-Distonce) CLass 9

Air: Compatibility Grow Group I

Peak Pvemr.e 100

1iuM 100 Exudation iNone at 650 C

* ner-y 100

Air, Confilted: Loading De~naity: gm/ce
l,roul- 100 1. Cast 1.58-1.-59 2-. Pr•eed psi x 103

IJrVfe, Water: 3 5 10 15 20 30 50

"P"keak ure 100 1.35 1.40 1.45 1.52 1.55 1.59 1.6
Iff jt.',o 100 Thermal Conductivity:

* 'rgv 100 cul/sec/cm/OC

Density 1.19 gm/cc (g) 5.28 x 10'4
P(ok Prsure 100 1.:51 6m/cc g 7.12 x 10"L

S1 .54 gm/cc b 5.6 x i0"
1m,•A 100 1.67 gm/cc g 12.21 X 10'4

trmrgy 100 Viscosity, poises.

Temp, 850C 0.139
1000C 0.095

Bulk Modulus at PoomTempera ture (250-30g00:(m

Dynes/e' X 10" 2.92
_Denslty, gm/cc 1.56
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M (T rinitrotoluene) AMCP 70617"1

Effect of Temperature on Rate of Detonation: (1)

Temperature of (Coaree, 0 C -54 21 60 60

Hours at Temperature 16 16 24i 72

Density, gm/ce x.63 1.62 1.64~ 1.64~

Rate, maters/second 6700 6820 ETTO 6510

Sensitivity to Electrostatic Discharge, Joules; 'Through 100 Mesh:-

Unconfined 0.05
Confined I4.4

Impact Sensitivity versus Temperature:

Picatinny Arsenal Apparaws, 2 kg wt, inches:

C inches

Room 1
80 7
90 3

105-110 2 (5 MxI in 20 trials)

Impact Sensitivity versus Loading Method, Large Impact Apparatus, Inches:

Prossed. at 1.60 gm/cc TO
cast at 1.60 am/cc 26

Rifle Bullet Impact Sensitivity versus Temperature, Confinement,

Room
Standard Iron Bomb: 'TeZpersture 1050 to 1o00C

No Air Space
Trials 10 10
Exp-"sions 1 very low order 7

Air Space
Trials 10 10
Explosions 0 0

Tin or Cardbow,,,d Bombs:

With or Without Air Space
Trials 10 10
Explosions 0 0
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AMCP 706-177 TNT (Trinitrotoluene)

Explosion Temperature versus ITT Initial Temperature,:

TNT Temperature, Initial Explosion Temperature, °C

Ro om 4 To D eco mpo s e s) /
1050-1 00 0  48 ecompoaos)

Explosion Temperature versus Confinement, i C: ,-2

Unconfined Decomposes 47o
Sealed in glass capillary Explodes 320-335

Viscosity at 80. 50 C:

Viscosity, X, op lo6 X - 0.046 S + 1.26
S a % solid in slurry
rartiule size effect, small

Density, gz/cc2:

°C Stete ad/CC

27 to TO Ylaked I.680 laked 1. 6
82 Lquid 1.46
87 Liquid 1.48
95 LUquid 1.4?

Solubility of TNT, gm/100 gm (%), in: (f)

Water Acetone Benzene Toluene

Oc OC OC(

0 0.0100 0 57 0 13 0 28
20 0.0130 20 109 1.0 67 20 55
40 0.0285 40 228 40 180 40 13o
6o 0.0675 60 60o 60 478 60 367

80 ')2000 80 >1700

Carbon Tric hloro-
tetrechloride Jtber Chloroform "EThyl.7

OC :2 0~O

0 o.,10 0 1.73 0 6 25 3.5
0 o.65 20 3.29 20 19 55 60

40 1.75 40 66
60 6.90 60 302
70 17.34
75 24.35
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|U

AN4C 706.-177

TNT (Trinitrotoluene)

Pyridine Methyl acetate dichlorie ethyl.-acetate

_c O. oc_ I °_c

*20 1140 20 73 20 314 20 29..5
, 40 250 40 135 40 123 4C 49

S60 640 50 280 60 460 50 96
TO 1.250

Tetrachloro- I?
Aniline A ihenol

0 C C -C -

20 18 10 6.1 20 0.76 0 0.62
40 50 30 11.5 4o 1.96 20 1.25
50 100 50 29 50 2.95 40 2.85

70 74 60 8.4
80 130 70 15

Isobutyl alcohol. Carbon dioulfide Chlorobenzene

0 0.20 0 o.14 20 455
20 o.61 20 o.44 30 51
140 1.41 o 4.4 1o 79
50 2.35 50 116

Pre~iarstimn

SAC 7258, 7259, 726o - Nitration Kxnetica)
Cheatatry, of Povder and Explouives, Davis)

02m NO2

so 2

in older processes trinitrotoluen. (TUT) us slowly and laboriously nitrated in three
staged uasng suceOssively stronger aold*. 1oday, however, a single stage nitration is poe-
aible, In a short time (lesa than one hour) producing TNT at a cost of a little less than
60/lb. In England, a two &tag# continuooa process wes developed during World Wax, I; in the
first counter uur'rent strg.e, toluine we nitrated to the mono stage mononitrotoluene (MTr);
in the second stage, also counter current, MO was nitrated to TNT.

.4• , _
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A3VCP 7064177 'INT (~rinitrotoluene)

It was the British work, odi the kinetics cf nitration of toluene to TNT, that first pointed
out the basic Importance to nitration processes of the nitrox~tl ion (NO2i.), on the one hand,
and the role of the bloulfate ion (HS0 4 -) and unioni2ed sulfuric acid on the other. These
concepts were successful in explaining the maximum in nitration rate occurring at a sulfuric
acid content of 92%. This work. for instance, lead.. to the following equation for the rate of
formation of TNlT from DIM:

A-T-T x (IJ0) EK' (HSCj,-) - K' (H2S04)] (MtT)

Three Stg roes Toluene (100 gmn) is nitrated to the mono derivative by slowly adding
a m uNof 29 m sulfuric acid (up gr 1.84) and 1.47 gm nitric acid (sp gr 1 42) to it at
300-400C, with good agitation. Acid Mdition requires 1-1.5 hour, and stirring at 300-4O'C
los contiiunud 30 minutes longer. The mix~ure Is cooled and the lower layer of spent acid
drawn oft'.

&1i~f the crude mono Is dissolved 14 109 gm sulfuric acid (ap gr 1,84) with cooling, the

solution heated to 500C and a mixture o)ý 54.5 6-v nitric acid (sp gr 1.50) and 54.5 gmn sul-
furlc acid (sp gr 1,84) added, under agitation, at such a rate that the temperature is main-
tained betv,~n 900 and 10000. Acid addition xequires 1 hour, and stirring at 900 -1000C is
continued 2 more hours.

Whiile tht dinitration mixture is still at 9000, 1.45 ge tuatins oulfuric acid (oleuin con-
tamning 15% free Woj) in added slowly. A mixed acid of 92.5 goe each nitric sacid (ap gr 1.50)
and 15% oleum is slbiwlý added, under good agitation at 1000-115o0 over 11-2 hours. The mix-
ture is sti rred at 100 -1,150C for 2 more hours, cooled, filtered. and the M.1n cake broken up
slid washed with water. Sthe TNT Is washed 3.4 times with L~ot water (650-950C) with good agi-
tation. Mhe product can be purificd editer by recrystallIzation from alcohol or by washing
it with 5 times its weight of 5% sodium bivculfitv solution at 000C for f hour with vigorous
stiriing, washing with hot water until the v.ashings are colorles~a, and cooling slowly with
stirring to granulate the prodiact.

arigin:

1NTweb first prepared In 1,463 by Wilbrund (Ann 12b, 178) ' lattr by Bei IsteIn and Kuhlberg
(Bh4cx 2, 202 (1670) and also Tiereinn (Bar 3. 217 ($167U, each uxir., differunt vvithods of start-
i1in materiala. It was nearly ','a years later whari Houserriarn iind,,irtoo;. Its manufac~ture on an
industrial scale (7 arwav Chem.m 16)1, p. £ 06; J Chem n md, 1891, p. M1i8). After 1901 TNT
began to be used extensively as a military txp17u1Tv~e-;nd aermarty Lacowe the first nation to
adopt it an a standard shell filler (1902-1,0s). IVari'r World War I all the maJor powers of
the world were using TNT, with the qwuontity uvod limited only by the availlbble supply of
toluene. Prior to World War 11 the develoninant of synthetic toluene from petroleum, made
av'ailable In the United 3tatej, an almost tunimit-ed supply of this rew material. B~ecause of
the general suitAbility of TUlT for melt-loading and Its extenslvv use In binary end ternary

epoiemixtures, fIMT is considered tha most important military explosive known today.

Destraction by rhemical Decomposition:

VfIT is decomposed by adding it slowly, while stirrirng, to 30 times Its weight of a solution
prtpared by dissolving 1 part of sodium sulfide (No 2 S.91: 2o) in 6 ports of watert

Raferencoo.
7 5

(a) 'D. P. 14acflugull, Methcds of Physical Testing, 0SRD Report No. 803, 11 August 1942.

735*e, footnote 1, page 10.

AT
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TtVT (Ttittu tlena AMCP 706-1777

(b) Philip C. Keenan and Dorothy Pipes, Table of Mili-ryr7 High ••ýXp•oeiv, Second Hevi-
aton, NAVORD Repcrt No. 87-46, 26 July 1946.

(c) L. C, Sith and S. R. Walton, A Consideration of RfX/Wax Mixtures as a Substitute for
Tetryl In Boosteri., NOL Memo 10,303, 15-J3une 1949.

(d) L. C. Smith and E. H. Eyster, Physical Teating of E 2losives, Part I sc, ?iacellaneous
Sensitivity Tests, Performance Tests, OSRD Report No.57462 Deember 195.

(e) Report AC-2587.

(f) International Critical Tables and varioua other sources in the open literature.

(g) E. Hutchinson, The Thermal Seninitiveness of Explosives. The Thermal Conductivity of
Explosive .*terials, AC_-ZB6I,T Frst R~eport August 1942.

(h) A. J. B. Robertson, T6c-en Fared Society, •4, 977 (1948).

(i) M. A. Cook and M. T. Abegg,"Iothermal Decomosition of Explosives," University of
Utah, Ind Eng Chem (Jan. 1956), pp. 1090-1095.

(j) Coml tt*e of Dv 2 and 8, XWC, Reoort on OD3X and Tritonal, osRD No. 54o06, 31 Jul.y
1945.

(k) R. W. Drke, IIwnt Velocity and Panel Penetration of Several Explosives in Simu-
Isted Shells, OSRD Report No. 5b22, 2 January 1946.

(1) W. F. Mcarry and T. W. Stevena, Detonation 11stes of the More Important Militar•
Eplosives at Several Different Temperatures, PAT• No. 293, Novem--r 1956.

(m) W. S. Cremar, Bulk Compressibility Data on Several High Explosivest NAVORD Report No.
4380, 15 September 1956.

(n) Mantrov, Journal of Chemical Industry (Russia) 6, 19w29, pp. 1686-1688.

(o) Also see the folloving Picatinny Ar-inal Technical Reports on TNT:

09. 2 1. i i 1 2
10 291 132 43 364 65 86 47 118 99
30 551 582 83 694 195 266 87 288 249

240 731 782 133 874 425 556 507 6,38 269
350 861 892 273 904 555 666 527 738 319
630 891 972 513 1094 695 956 597 768 389
760 901 I072 643 1104 735 986 707 838 499
810 971 1182 673 1124 805 1046 807 1088 70's

1120 1041 1192 743 24 975 1146 817 1098 739
i140 1121 1272 853 1284 1145 1276 83, 1128 779

1170 1311 19 863 1294 1155 1376 1107 1148 799
126o0 1391 1342 1063 1304 1225 1446 1147 1158 880
1270 1431 1352 1143 i31x 1285 1466 1217 1188 929
1360 1451 1372 1133 134J 1305 1476 1247 1)98 939
14O0 1491 1402 1193 i411 1315 1556 1307 1228 1099
14(•0 1651 1452 1243 1444 1395 1636 141.7 1238 1109
1500 1821 1472 1323 1454 1425 1756 1427 138 11.29

4.5
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AMCP 706177 IN (Itrinitrtotoluene)_

1530 1492 1373 1524 1435 1956 14 3T 1318 11391540 1562& 1493 154~4 14.45 2216 1457 13.38 11791550 1582 1553 1564 1495 1497 1388 1199ITIO 1712 1633 1604 1.515 '.537 1418 12592010 1862 1693 1674 1535 1547 1428 12892100 1823 1754 1585 1557 1578 13392160 2063 1924 1605 1577 1618 1369
2163 2064 1635 1597 1688 1379

14 1665 1677 1728 1419
1865 1737 1828 1429
1965 1797 1838 1469
1715 1824 1858 14.89
1885 1847 2-008 1529
2125 2007 2138 1549
2175 2147 2168 1629

216? 1689
1709
1729
1749
1809
1819
1879
1949
2159
2179
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TorpoxAMCP 706-177

CeM.eStko: Molecule. Wtewgh: 97

RDX iQ Oxygen Iellwoe.
C% %

OT 40 co % -26

Aluminum 18 0..Wkw gi/cc Cast 1.76-1.81

Multin~g PO1.1 *C

C/H Ratio prs'es Points 'C

lmpest Seonivity, 2 Kg Wt: Selling Po.lne 'C
Bureau of Mines Apparatus, cm 42

SanVl Wt 20 mg ierfmetive INlea, n1I
Plectinny Arsenal Apparatus, in, 9

Sample Wt, mg 15 nZ

Frictieo Pe*dulim Toeet veovew stelity Tests

Steel Shoe cc/i0 Hrs, at

Fiber Shoe 90'C

1001c
Rifle hillel Impact Toot Trials i20'C 1.0

% 135'C
Explaeian. 20 1350C
Partials 80 150C
Buwed 0 200 Gmre lNomb Sen Tet:

Unaffected 0 Sand, gn 59.5

Imlosione Tempereluse: Se4ae0ltivit to Inlee:
Seconds, 0. 1 (no cop used) Minini•ni Detonating Charge, gm

I Mercu y Fulminate 0.18
5 Decomposes 260 Load Axide

10 Tetryl

15
20 seIlelle Moeer, % TNY: (a) 138

_mul Teo, % TNT: (W) 164
731C Intemi4lemel Heel Test:

%, Loss in 48 Hrs leDwlTo C
_______________ ___________ Method B

1001C HOee Toot: Condition Cs

% Loss, Ist 48 Hrs 0.00 Confined No

% Lous, 2nd 48 Hrs 0.10 Derselty, gi/cc 1.83

Exploslon in 100 Hr None Brisance, % TNT 120

-, o"et.'oloe .'Iee: (d)
Ulenomewlily 104": 196 ColuvInew- V sne

Condition Cost
Hygromeeeleyhi % 30°C, 90% RH 0.00 Chargc Diameter, in, 1.0

Density, gmn/cc 1.81

Rote, rmeters/saond 7495

.359
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AMCP 706-177 Torpex

looater Senitlvity Toet: (C) Decompusltion Equation:
Condition Pressed Cast Oxygen, atoms/sec

Tetryl, gm 10 5 (Z/swc)
Heot, kilocolorie/mole

Wax, In, for ý0% Detonation (AH, kcal/rnol)
Wax, Um 2 0 Temperature Range, *C

Oensity, gm/cc 1.64t 1.81 Pt,1s.

Heat of. (a)
Cwmbusti-n, cal/gm 3T740 An e l.mpos Too:

Explaxom, cal/gm 1800 r (a)
Got Volume, cc/gm 50% Inert, Velocity, ft/sec 185

Foema4tlon, cal/gm Aluminum Fineness

Fusion, col/gm

500-1b Gemoeel rwrpo" lombs.
Sptclfik Hsti cal/gm/*C (b)

At .5
0C 1 0.22 Plate Thlckn4ss, Inches

Density, gm/cc 1.82

At 15.C 0.2l4
I,

Eurming Rets
cm/secIh D e'

_________________________________ Bomb Drop. Tooti

Thefmel Co..uatlivity (b) 4 T.2MbSa-mwiti obv o scal/tic/cm/4C 9.7 x " rT, 2000lb S .AuwTP le mb X C10€ee
DensitY, am/cc 1.82 .......

Ceeffklots f E• u: oa S0fe Dr4p, ft
Linear, %/'C -T3 to 75 C SlM. x 10" (b) lio Goomel P 4 lBomb i Ceomrot

Volure, %/'C Height, ft

Trials
hodmees, Moi' Se•4e1 Unaffected

Young's Moiulue: (b) Low Order

E', dyrns/cm' 9. 10 High Order

E, lb/Incht  
" 38 X 10 1000-lb01b Pas Bomb vs Ce•crotes

Density, gm/cc 1-.7

Height, ft
Cempreskve Streneti lb/Inch' (b) 2100-2300 Trials

Density, gm/co I77T Unaffected

Veper ptossurel Low Order
*C mm Mercury High Order

:wo

'.44 • • l•l R••1i •• 1 l'"1 • m'I • •I+*•i .* •••
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Tomex AMCP 706-177

Frogmentotloi Tear: Shaped Cher"e Effectiveness, TNT = 100:

90 mm ME1, M71 Projectile, Lot WC-91: Glais Cones Steel Cones

Density, gm/cc 1.75 Hole Volume 150 145

Charge Wt, lb 2.316 Hole Depth 127 131

Total No. of Vremeegw •.-"ra

For TNT 703. C Gray

For Subject HE 891
PrAM610el Uses: Depth chargse, bombs

3 Inch MIE, M42A1 Projectile, Let KC-5:

"insity, gm/cc 1, T9
Charge Wt, lb 0.940

Total No. of Fragmeto: .of Losoll: Cast

For TNT 514o

For Subject HE 647

_ _ __ _ __ Leoodlag Density: gm/cc 1.T6-1.81
FrMment Veieclty: ft/s4c

At 9 ft 296o
At 25V2 ft2&0 Store:

Donsiry gm/cc M dMethod D

Blest (Role 4-e to TNT)- (a) Hozard Class (QuantIty-Distonce) Clasi 9

Air: CampotIbIlity Group Group I
Peak Prt sure 122

Impulse 125 Exudation

Energy 3.46

Air, Ceaflned: Iffect of !tmen t'ture on

Impulse 116
PA I act Teat

Under Water: ____Wt__inche

Peak Pressure '16-- 't, lChem

Impulse 127 25 15
32 7Energy 153 104 8

Undergroamd: ViscosIty, poises:

Peok Pressure

Impulse Temp, 830 C 4.5

Energy 950C 2.3

c36
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AMCP 706-177 Toreo

Prepa.ra tion:

Torpex As manufactured by heating TNT to approximately 1000 C in a steam-Jacketed kettle
equipped with a stirrerý Vater ,let RDX is added slowly to the molten TNT, while mixing and
heating, until all the water is evaporated. Aluminum is added and the mixture is itirred
until uniform. The mixture is cooled, with continued stirring, until it is suitable for
"pouring. Torpex can also 'oe made. by adding the calculated amount of TNT to Composition B
"to maintain the desired proportion of RDPXTNT, heatIR; and stirring, and adding 18 percent
of aluminum to complete the mixture.

Origin.

To•pex, a castable high explosive, was developed in England during World War I1 for use
as a filler in warheads, mines and depth bombs. Severail variations in the composition of
torpex have been evaluated but the following are those used In service munitions:

Torpex 2 Tre
unwaxed waxed - Torpex 3

(a) (b) (c)

RDX, % 4 41.6 41.4
ZT, % 40 39.7 39.5
Aluminum, % 18 18.0 17.9
wax., % 0.7 0.7
Calcium chloride, 41 0.5

(a) Made from Composition B-2 or 60/40 Cyclotol.

(b) Made by the addfit±n of aluminum to Composition B.

(c) •ade by the addition of calcium chloride to Torpex 2.

Wax has the undesirable effect of (1) tending to coagulate the aluminum, thus giving a less
homogeneous and more viscous product, (2) lowering the density of the cast explosive from
1.72-1.75 to 1.66-1.70 for waxed torpex, and (3) lowering the compressive strength from 3(00
psi to 1970 psi for waxed torpex. Howver, wax is used in service %orpex for reasons of
safety, since there is evidence that its presence lowers the sensitivity of the explosive to
impact as measured by "aboratory drop tests and bullet sensitivity tests of small charges
(Bureau of Ord Res Namo apt No. 24, January 1945).
References: 7 6

(a) Committee of Div 2 and 8, NDRC, Report on HBX and Tritonal, OSRD No. 54o6, 31 July
1945.

(b) Philip C. Keenan and Dorothy C. Pipes, Table of Mtlltary High xplosives, Second Revi-

sion, NAVORD Reporý No. 87-46, 26 July 1946.

(c) D. P. Hoc]ougall, Methods of PhsLical TestinR, OSRD Report No. 803, 11 Auguat 1942.

L. C. Smith and E. H. Dy.te-, Physical Testn of Expouives rt III, Miscellaneous
Sensitivity Tests, Performance T.sts, O;RD Report No. 5746, 27 Decembe" 1915.

76See footnote 1, page 10.
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p AMCP 706-177

(d) G. H. Messerly, The Rate of Detonation of Various Explosive CMuoun(*.z, OSRD Report
No. 1219, 22 February 1943.

4. D. Hurwitz, The Rate of Detonation of Various Compounds and Mixtures, O•D Report
No. 5611, 15 January 1i9l.

(e) W. R. Tomlinson, Jc., Blast Rffects of Bomb Excplosives, PA Tech Div Lecture, 9 April
1948.

(f) Eastern Laboratory, du Pont, Ivtigtion of Cavity Effect Sec I11, Variation of
Cavity Effect with Explosive Coazosit on, NDRC Cint-act Wb72-OPD-573.

(g) Also see the following Picatinny Arsenal Technical Reports on Torpex:
o 1 2 _

1530 1651 1292 2353 1585 1796 1797 1838
1635
1885
2355

I .° .3-3

f|
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AMCP 706-177 1,3, 5-T'ramino-2, 4, 6-frnitrobenzene (TA.TNB)

C..wpelitiont Moleculur Weights (L6H6N606) 258

C 27-9 Oxygen Balance:
Cal %-56

H 2.3 0 N NO2  CO % -1.9

N 3P6H2 NNIIl 2  D~ensity: gm/cc: Crystal 1.93

o 37.2 NO 2 Mobitlla Pointst 'C 330 (b, e.) 36U (a)

C/H Ratio 0.302 Freessill Poirot: C

Imepact Seusltivity, 2 Kgo Wtll "Udde Pdlo: 'C
Bureau of Mines Apparatus, crn

Sumplo Wt 20 mg Reff~tlIVe lade. n"
PIcotineiy Arsenal Apparatus, In. 11

Sample Wt, m-g T1 Usa

frictions Penidaeleu Test: Vacumew Stobiluty Tesol
Steel Sýxl* cc/40 Hren, ut
Fib~er Shoo 901C..

-100-oC (a, b) 0.36
' Rifle Baellot. Impact Teat: Trials

Explosilons % 351C
Partial$ 51C..

B~urned 200 Grom lem.b Saude Test:
Unaffected Sand, grr. 42.9

Esplealee Temperaues e: Sensitivity to l01astientl:
Seconds, 0. 1 (no sop used) Minimum Detonating Charge, gm

I Mercury Fulminate
5Lead Ailde 0.30

10 Tatryl ..

20 fielletic Mater, % THT:

- ~Troeiil Teoo. % TNT:
75'C lestentleesel0,11 Heat Test: Plate Denst Test:

%Lots in 48 Hrs
_____ ____ ____ ____ Method

100'C Rest Test: Condition

% Loss, lI t 48 Hrs 00 Comfinste

% Loss, 2nd 48 H4s00 Density, gm/cc

Explosion in 100 Hrs None Orisance, % TNT

Deteestie Rate:
FlowMmabIlity lIvdesi Confinement None

- Condition Pressed
Hygirefcoplcity: %~ Charge Diameter, Ins, 0.5

Voltiity - Density, gm/cc 1.810
Rate, meters/second 7500

4
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1,3,9-T-riamino-2,4,6-Trinitrobenzene (TATN) AMCP 706-177

Fragmenasteion T**t: £hepoi Charge Effectiveness, TNT =100:

90 mm HE,. M71 li'ejectdil, Lot WC-91. Gloss Cones Steel Cones
Density, gmn/cc Hole Volume
Charge W1, lb HJ*l Depth

Total No. of Fragmen~ts- Color.: Yellow
For TNT
For Subject h-.

Masviipel UMes
3 Inch WE, M42AI Prejectile, Lot XC-5i

Density, gm/cc

Charge Wt, lb

Total No. of Frolgmants Mevhed of Lejilisq: Pressed
For TNT
For Subject HE ________________________

____________________________ L..da..g Deasity: gm/cc

1111Melst V0cv ft/Je At 50,000 Psi 18

At 9 ft
At 251/ ft stvirisge:
Density, gm/cc Mto r

Illest (Raelativi N TNT)l Hasard Class (Quantity- Distance)

Ain: Compatibility Group
Peak Prewssr
Impulse Exudation

Energy ________________________

Air Ce~fneDeItonation Velocity: (6, b. c)

IrwieDensity, gm/cc Metors/sec

Under Watert 1. 290 5380
Peak Pressure 1,345 5628
Imrpulse 1,675 6550

i.,675 6575
Energy 1,882 7035

1.835 7220

Peak Pressure Heet o'f:
ImPUlse Explosion, cal/gm 2831
Energy
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AMCP 706-177 1,3, 5-Tr'imino2, 4, 6
-Trlnitrobanzene (TiwB )

Preparati•on: (a)

Absolute alcohol (200 milliliters) was saturated with ammonia and then 1Ž.5 gm (0.028 eol)of 1, 3
,5-tribrcmo-2, 4

, 6
-trinitr-'.enzene, prepared according to Hill (NAVORD Report No. 3709,2 February 1953), wus added. The fleak was stoppered and allowed to stand at room temperaturefor a day. Additional ammonia was bubbled into the mixture, which was then heated under refluxfor thirty minutes, filtered hot, and the insoluble product collected on a Buchner funnel.The product was washed vith water, alcohol, and dried. The 4.7 gm of material recovered wasrecrystallized from nitrobenzene.

A disadvantage of the above method was that it could not be used for the preparation oflarge quantities of TATNB. Since it did not seem feasible to develop a new method of prepara-tion, an investigation vus made of the reported amination reactions (see 2rigin below). Anattempt was made (Ref f) to find a modification which would produce high yield* of a pure pro-duct. Thu process which evolved from this study may be sutmarized as follows (Ref f): 1,3,5-tric'lorobenzece was nitrated "in one step" to 1, 3
,5-trichloro-2,4,6-trinitrobenzene in 85%yield. The crude nitration product was aminated in benzene with ammonia gas to T-A'fB, inyJ4ida of at least 95%.

Origin:

TATNfB was prepared for the firut t~me in 188K by C. L. Jackson and J. F. Wing, who foundthe compound insoluble in alcol'ol, ether, chloro'orm, benzene, and glacial acetic acd; andsoluble in nitrobenzena and aniline (Amer Chem Joa'rnal 10, 282 (1888)). B. Flurscheim andE. L. Holmes prepared TAhWB froa benzene free pentinitrcoaniline by gradually adding It to 10%aqueous ammonia (J Chem ;.,, Ft 2p3045 (1928)). Atter boiling, an orenge-yellow powder melt-ing above 300
0
C was obtained. This product corresponded to that described by Jackson and Wing.These authors, as well as iealmer (Amer Chew Journal 14, 378 (1892)), attempted to reduce TATNBto hexa-aminobenzAne. Either decomposition occurred or a hydrochloride of penta-aminobenzenewas formed. Fluracheim and Holmes succeeded in reducing TATNB with phenylhydrazine by heatingthem together up to 2000

C (j Chem Soc, Pt 1,334 (1929)) (Beil 13, 301 and EII, 147).

References :77

(a) F. Taylor, Jr., Syhesis of New High E&xplosives II, Derivatives of 1,3,5-Tribromo-2, 4
, 6

-.Trinitrobenzene, XAVORB Report NO- 4405, 1 November l95b.
(b) L. D. Hampton, Smll Scale Detonation Velocity Measurements from May 1951 to MaY 1954,HAVORD Report No. 3731, June 1954.-
(c) B. M. Fisiler and E. A. Christian, Explosion Effects ata Sheets, NAVORD Report No.2986, t4 June 19n55.

77 See footnote 1, page 10.
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Triethylone Olycol Dinitrete (TGN) lquid . 70CP76-177

CMelsv WeIghi (C6H1A0 8) 240

C ). HC\ Os"m Below*:
C 2. H2col % -89

H 5.4 H 2 C- 0°o% 2

N 11.7' Denity: gm/c 25C

0 53.0 C Oeitle Pelet: C

C/H Ratio 0.177 2 2C"/CH20N02 Preeslng Point: 'C

Imp•at Senitivilty, 2 Kg Wt, "Nlot Pran" eC
8ureau of Minos Apparatus, cm 100+

Sample Wt 20 mg #Afrfdive Iqlex, i.,,So
Picatinny Arsenal Apparatus, in. 43

Sample Wt, mg n'
o.

Friction Pendulum Test: Vocuum Stabilty Tes:
Steel Shoe Unaffected cc/40 Hrs, at

Fiber Shoe Unaffected 901C
1G0*C o.45

Rifle Bullet Inspect Test: Triols 120*C 8 hours 0.8

Explosions %

"Partiols 1501C

Burned 200 Gros I"amb Seed Teo:

Unaffected Sand, gm 14.7

Erxpoeiao Tempereture: C Seslltivity to Isitluatiee
Seconds, 0. 1 (no cop used) Minimum Detonatlng Charge, gm

I }Mercury Fulminate
5 223 Lead Axide

Tetryl
15
20 5.1US& Nester, e TNTs

Travai Toot, V YNT:
753 C Inteumetleel Heel Teoo:

% Loss In 48 Hi'rs puts Dent Tnh
Method

100'C Heot Test: Cotidition

"% L•ss, lst AS Hrs 1.8 ConfIned

"% Losu, 2nd 48 HIrs 1.6 Density, gm/cc

Explosion in 100 Hrs None Brisoerce, % TNT

Flemmeplify Index: Conflnement ,' tiby stoel
CAndition Liquid

Hyor.6eoplcity: % Chaorge Diameter, In., 1,25
V2 Density, gm/cc 1.33

V..eqd~t7: 6O°C, L•/'Cmg:/b• • Rote, meters/sacd Foil$
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AMICP 706477 Trethylenoe Glycol 13initratce (TMXN) LIQuid

Fmwemu44 ''Too., Skiovo Ckoeae Effectiveuee TNT . 100i

90mm HE, M71 Pirnkes , Lo WC-91t Glos Coaer Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hold Depth

Totle Noall Pt~eele:otiC6
For TNT
For Subject H£ ForISb Hl l Usee, Ingredient of rocket and double

3 lack HE, M42AI Pretklo, Los KC-St base propellants

Densty, gm/cc
Cl-vrge Wt, lb

Tetal No. of Froswsepts: d .*I of I

For TNT

For Subject HE

S L.edllag Doidyi gm/cc

Felgment VW6ltyl ft/se
At 9 ft
At 251/1 ft S~eget
Density, gry /cc

Method ,,quid

1le0t (IletRlve to TNT): Hxord Claon (Quanlty.Oit~once)

Airs Comipatlblllty Group
Pavk Preuure

Impulse Exudation

Energy

Air, Cniflmed!
Impuls' 25°i 0.55

Ude.r Wafers ,olub lI1 •'Em/
1200 l•n,.

Peak Pressure I In:

Impulse Ether' -

Energy Alcohol
2:1 Ether•Alauool

URdujrYJVoUdI Ace tone

P#04 Pressure Viicouilty, ceritipolues:

Impulse Teip, 200 C .13.2

Energy Hydrol iii, ¶• Acid:
Helat of: 10 days at 220C 0o032

__5 days at, 6000 0.029
Cuorbustion, cal/em 342'6 Vapor Prevowr

L)xplosion, cal/gm 35T ' OC mm Mrcury
Gas Volume, cc/gm 851 --

25!

~W

Downloaded from http://www.everyspec.com



Triethylene Olycol Dinitrato (TEGN) Liquid AMCP 706-177

N Origin.,

Lou-enco prepared triethylene glycol in 1863 by heating glycol with ethylene bromide in a
sealed, tube at 1150 -iO°C (Ann (3) 67, 2T5). Later in the same year Wurtz prepared triethy-
lone glycol by beating ethylene oxjI with glycol at 100 0 C. By action of nitric acid triethy-
lane glycol was oxidized to (H2 0OC-CH2 .0-CH2)2 (Ann (3) 69, 331, 351).

The Gerwans and Italians were the first to prepare and use TEGN during World War II &s an
ingredient of rocket and propellant powders, Ste cot.e-.ial production of TEGN in quantity
is still difficult and its use am a plasticizer for nitrocellulose is being replaced by other
liquid nitrates.

Preparation:

Triethylene glycol is purified by fractional distillation under vacuum in an 18-inch VI-
geaux fr•ctioning column. the assembly as a whole is equivalent to 4.5 theoretical plates.
The distillation is conducted using a 5 to 1 reflux ratio, at a pot temperature o: approxi-
mately 1800 C, and a take-off temperature of approximately 1200 C.

the purified triethylene glycol (TM2) is nitrated by carefully stirring it into 2.5 parts
of 65/30/5 nitric acid/sulphuric acid/water maintained at 0 - 50 C. •he rate of cooling in
sifficient that 300 Um of TEG can be added within 40 minutes. The mixture is stirred and
held at 0 + 50CP for .10 additional minutes. It is then drowned by pouriag onto a large quan-
Uity of Ic; and extracted thie;, times with ether. the combined extract is water-washed to a
pH of about 4, shaken with an excess of sodium bicarbonate solution, and further washed with
1% sodiuA bicarbonate solution until the washings are colorless. The ethereal solution is
water-vahed until it has the same pH value as distilled water. It is car"MuJ1y separated
from excess water, treated with chemically pure calcium ohloride to remove dissolved water,
and filtered. The ether is removed by bubbling with dry air until a minimal rate of loss in
weight Is attained. The yield is 1.34 gim per go T' (84% ur theoretical) and the nitrogen
content o2 different batches range from 11.60 to 11.6§% by the nitrometer method (calculated
11.67%).

Heferences:
78

(a) See the following Picatiuny Arsenal Technical Reports on TMN:

1953 1745 1786 1767 1638
2193 2056 1817

78See footnote 1, pege 10.
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AMCP 706-177 .ifflt

Cow~~;U oote:M lecle, Wight: 21T'

Ficric Aid 88 rOxygen 11lan1c.:
PicicAcd 8 'CO, % -62

ZMononitr'anapbthalone 12 10 CO %-1

Densiety:- gm/cc Cost i. 6o

Me1tsol FeInt*: 'C 90

C/H Ratio Frtsiung Point: 'C

impost Sensitivity, 2 KV Wt: "401n Point: *C Excplodes 0
guroau of Minos Apparatus, cm 60

Sample Wt 20 mg Refractive lindex, no.
Picatinny Arsenal Apparatus, In. 10 r

Sample Wt, mg n

Friction Pendulum Toost Vocuum stsbillity Test.
Stoel SI-oe cc/AO His, at
Fiber Shoe 901C

1001C
53.1. Bvllet Impoet Toot: Trials 120'C 0.9

Explosions 01501C
Partial& 0 10

Iufmod 0 200 Gr'ew Bemb Send Test:
lhnaffected 100 Sand,g Orn 4.2

LAplesle. T60*empeotsu: Seaslevity to Initletien:
Seconds, 0. 1 (no cap used) Minimum Detonating Charge, gmn

1 Mercury Fulminate
5 Decoovoses 315 Loead Azlde 0.20

10 Tetryl 00

20 11e6lhstic Mo.ov,, % TNT:

Tresmui Toot, % TNT:
731C International woot Toot: PosDn et

% Loss In AS Hrs lfDa ol
____________________________________________ Method

100*C Hoot Teoo: Condition

% Loss, I it 48Hrs Confined
% Loss, 2nd 48 Hrs Density, gm/cc

Exlse In10 Hrs Brisonce, % TNT

FloinblltyIaeiConf inernent None

Conditian Cast
-IHyglescepkley: % Charge Diameter, In. 1.0

- Density, cm/cc 1.60

L Rate, meters/second 7T20
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tt

5 rImonite AMCP 706-177

*.. Figmintteioe Too: Sp" C•re lffeevaenus, TNT 100:

go90 am HIE. M71 LePjectle, t WC-91 GC40 Con"s Steel Cones

* Density, gmn/cc Hole VoDpme

Charge Wt, lb Ho epth

ToIl Ne. of Fvagmeewh:

For TNT

For Subject HE Pd•JI UM, TNT substitute in projectiles
$ inch HI M4Z.1 Pejedflle, Lee KC-$: and bombs

Density, gm/cc

Charge Wt. lb

To He e. 0 F egoaeih: MeOwhd ofelag: Cast

For TNT

For Subject Mi

PregMee. Velecityl ft/se
At 9 ft
A 251/s ft te,,e ea
Density, gm/cc Method

slave (lsleftie te TNTHU Hwazd Clks (QuotmflyOlstonce) class 9

Ain Compaolwlty Group Group I
*Peak pressure

Impuke Exudationl 1wdea at 50 0 C

Energy

AleCeefeed:Prnwrartiont
Impulse Piriao *aid and elph-.-onol tronaphtheLane

UnderWeten are melted together in an alumipum or, tin ateam
Peak Prefut e Jacketed welt kettle equipped with a stirrer.

Although picnic acid alone requires a hah ter.
Impulse perature for its melt loading (120OC), the
Eergy mixture forms a euteatt melting ast 9°C. cere

must te taken to prevent the formation of dan-
gerous metallic picrates. Tnimonite in of

U•"d•ereds Interest ae an emrg~enc substitute for TNT,
Peak Pressure

Irepulse

Energy

371
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AMCP 706-177 Trimonite

Origin:

Trimonite, a castable mixture of picric acid/mononitronaphthalene was developed by the
British during World War II as an improvement over tridite which is a mixture of 80/20 picric
acid/dinitrophenol. Both mixtures are suitable for melt-loading below 1000 C and therefors
represent an improvement over melt-loading picric acid alone (melting point 122 0 C). However,
tridite is slightly inferior to picric acid as an explosive and diaitropienol Is objection-
able because of its toxicity. Trimonite in also slightly inferior to picric acid and TNT as
an explosive. Because of the low eutectic temperature of the picric acid-mononitronaphthalene
mixture (49 0 C), Tridite exudes when stored at elevated temperatrires. It does not possess tbfr
disadvantages of picric acid (corrosive action on metals, ease of decomposition, etc.) and is
a comparatively inexpensive substitute for TNT.

References: 79

(a) See the following Picatinny Arsenal Technical Reports on Trimonite:

26 8

1352 1325 926 1098
1372 976 1838

-79e footnote 1, pnge 10.
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2, 2.2-Tfrnintroeth21-4,4,4-frmnitrobutyrat- (TNEw) AMCP 706-177

Cempeeke" Molcul, Weight: (CH-N.Oe .) 386% - 14)

C 18.6 Oxygoo Beleace:

H 1.6 CO % 20.8

N 21.8 /°'C2C(N2)3 bea,,ty: g,/cc Form I 1.78
C 0

0 5A0 Melting Poait: "C 93

C/H Ratio 0.202 CX2 CH2 C(NO2) 3  Freezing Peilt: *C

Imeae Se"GitivitY, 2 K9 Wt: llUin PaNot: *C
Bureau of Mino. Apparatus, cm

Sample Wt 20 mg Rofrteive loax, no Form I (e)
Plcatinny Arsenal Apporotus, in. Crystal AXis a 1.518

Sample Wt, mg A 1,52
50% point, cm (a) 20 T 1.546

frctioen Pendulum Too: Vcum Stability Tea:
Steel Sho cc/40 Hri, at
Fiber Shoo90C --

O0'*C 48 hra 0.60
RIIe Bullet Impact Teao: Trials C

% •U35'C
Explosioni
Partials 1 50C

Burned 200 Giem lemb Se" Tests
Unaf fcted Samd, gm

Wleale Temperature-: 0 C aoaIfvity to Iuueties:
Seconds, 0. 1 (no cap used) ... Minimum Dotoanting Charge, gm

I --- Mercury Fulminate
5 50$ point (Alhot bor) (a) 225 L.od Axde

10 Tetryl
15
20 beliketi MePlt1r, % TNT: (b) 136

Tseusl Ted,. % THY:
75'C l- eetel Hea Teat:

% I in 48 Hrs i O Te,
Method

100'C Hew Teao: Condition

% Loau, Iit 48 Hrs Confined

% Lou, 2nd .'r Hra Density. gm/cc

Explos•on in I Ct Irs Brisonce, % TNT

Detomenate e Re
llemeebd&lly loade: Con finement

Hygroeaeadilys % 300C, 90 F~ 0.00 Condition
.5 0 C, 5 month Nil (a) Charge Diameter, In.

Density, gm/cc 1.60 1.76
a Rote, meters/lcond 7760 829)

37.3
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A1MCP 706-177 2,2L,2-TLtLiitroethyl-4,4,l4-Trinitrobutyrate (TNETB)

Booster Sensitivity, Test: Decomposition Equation: 2
Condition oxygen, atoms/sec 4i.4I x
letryI, gmn (Z/Itcl

Hoof, ki loco ~iori/rroI* 3.
Wax, in. for 50% Detonation (.IH, kcol/mol)
Wax, gm Temperature Range, 'C
Density, gm/cc Phase Liquid

Heem at:
Combustion, cal/gm 1685 AsePlelm cTet
Explosion, col/lrn 60 mmMra P*0

Gas Volume, cc/gm 50% Inert, Velocity, ft/sec
Formation, cal/gm 307 Aluminum Fineness
Fusion, cal/gm
Sublimation, cdl/gm (e.5,) 8G4 500-lb General Purpose Bombs:

Specific Heat: cal/gm/*C
Plat. Thickness, Inches

13 4
Burnin.g Rtate:

cmn/sac
Bomb Drop Teat:

Thral/ C/adetlity TI, 2000-lb Saml.Armet- Piercing lamb vs; Concrete;

Cooeffitlent of Ilapeanlee: Max Safe Drop, ft
Linear, %/'C 500-l General Purpese Bomb vs Conctrete:

Volume, %/'C Height, ft

- Trials
Hardness, Nahs' Scale: Unaffected

Young's Medulviel Low Order

E', dynes/cm2 High Order

E, lb/lnxh5  1000-lb General Purpose Bomb vs Concrete:
Density, gm/cc

________________________________________ * Height, ft

Cempressive Strengtfi: lb/inch' Trials
__________________________________________ - Unaffcctod

Vapor Preasure: (e) Low Order
OCmm MA~rcur High Order

65 3-3 X 101.
T5 1.3 x 10-4
85 4 .2 x10

2.00 2.3 x 10-3
120 1.4 x 10 -

.,174
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2,2,2-Trinitroethyl-4,4,I,-Trinitrobutyrate (IWETB) AMCP 706-177

Fragmentation Test: Shaped Charge Effediveones, TNT - 100:

90 mm HE, M71 Projectile, Lot WC-91: Gloss Cones Steel Cones

Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Total No. of Fragments: c rl. Color2eas

For TNT

For Subject HE
Principal Use:

3 inch I4E, M42A) Projectile, Lot KC-S$

Density, gm/cc

Chcrge Wt, lb

Total No. o* Fragment,: Metod of Leading:

For TNT

For Subject HE

Lemlisg GOanety: gm/cc Form I 1.783
Forz Ii 1.677

Fragment Velociy: ft/sec Liquid, 99Oc, 1.551
",At 9 ft

At 
2 5 1/. ft Storese:

Density, gm/cc
Method Wet

Ilest (Relative He -- 6'4: bi.ere I.Lnder (h) Hazard Clou (Quantity-Distance)

AIr: 1-lb Chari;e: ' - V* EOWN W Compatibility Grouw
Peak Pressure 0.91 0.64 0.81 0.7Y5

Impulse 0.T3 0.67 O.y4 0.69 Exudation

Energy

Air, Ce•fin*d: Bruceton Safet,' Test Feaults: (•)

Impulse Mean end standard deviation of lengths of

0.300 diameter cylinhder across wh !., initia-
lander Watert tion is possible for 504 cerutinty:

Peak Pressure

Impulse T;T 0.391 +- o.040
R.DX Comi B 0.361 + 0.042

Energy 7.-E 0.920 r 0.059

Undiergrounld: Absolute Viscosity, poisel: (e)
Peak Pressure
Pe P uemp, 93.9 0

cC 0.173
Impulse105C 

13
Energy 106.5°C O.l8

%EU. equlvaler.t veight of H-6 for a trnit weight
of test nx-ure for equal perfornance #t the
sa:r.e ,e•t distarce; 2,, equivalent volui:e of

for a unit volurie of test mlx.-ýr^ for equal

rerfornsn~e at the smte test diatanv..
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AMCP 706-177 2,2,2-Trinitroethyl-4,4, 
4
-Trinitrobutyrate (TNiET)

Solubility (Room Temperature): (a)

Solvent Solubility

Water Insol) ble
n-Hexane Insoluble
Carbon tetrachloride Insoluble
Ethanol 5 gm/i00 gm solvent
Chloroform 5 gm/00 gma solvent
Benzene 10 gm/100 gm solvent
Nitromethaae Very soluble
Glacial acetic acid Very soluble
Ethyl acetate Very soluble

TNETB Forms Eutentics With the Folloving Compounds: (a)

MIT 57
E(bisatrlnitroethyl) sucoinate) SO+

BUM (bis(trinitroethyl) nitramine) 68.5
T TlB (trinitrobenzene) 65
Compound A (C4H6N4Q? formed by

condensation of 1,l-dinitroethane) 77
Triditroethyl trinJtrobenyoate (27%) 80.5 (f)

Crystallographic Data: (a)

Three pelymorphic cr-stalline forms have been observed. Low temperature Form I goes through
a solid-solid transition at 89

0
C giving Form II. Form 11 has a melting point of 92.50 to 93

0
C.

On cooling, Form IT does not transform reversibly to Form I when 89
0

C is reached. However,
Form II will transform to Form I at roan temperature, usually taking a few hours to do so.
Form III was observed, which appeareg to be stable over a very narrow temperature range on
the ordar of 0.20 to 0. 30C near 92.5 C.

Pr-paration: (d)

(No2 )3c^12 CH2COCl + (NO2 )3CNHou

trinitrobutyryl chlor'ide trinitroetbanol sulfuric
acid

(1'o2) 3 C~C:2%co C2(No02 ) 3  + a

2, 2,2-trinitroethyl-4, 4,4-trinitro- hydh'ochlori c
butyrate acid

Laborator, experiments indicate that the present slow step involving overnight treatment
of 4,4,4-trinitrobutjryl chloride with 2,2,2-trinitroethanol and aluminum chloride can be
replaced by a fast and simple esterification in sulfuric acid. Using 100% sulfuric acid or
fortified HSoh, ths ester can be prepared in yields of 95% to Q% in 24 hours at 25

0
C, in

5 hours nt 00o, or in 3 hours at 65
0

C. Above 65
0

C the reaction time is less, but the yield
falls off and a less pure product is obtained. The crude white crystalline product on recrys-
tallization from dilute methanol gives a material melting at 920 to 930C.
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VV

2,2,2-fr nitroethyl-4,4,L4-Trinitrobutrte(NT)A C7617

Origin: (e)

TNETB belongs to a new class of explosives characterized by trinitromethyl groups,
-C(No 2 ) . Tht chemistry of thin class of compounds vex studied in Gerwany by Drs. Schenck
and Sch~aaelschmidt, Who diScoVerqm in 1942-1943 that trInitromethane or nitroforin, HC(N02 )3'was tbe source of new explosive derivatives. Dr~. Schenck prepared the stable solid alcohol,
2,2,2-trinitroethanol, from nitroform and formaldehyde. Dr. Schimmelachmidt reacted nitroform
with unsaturated organic compounds, such to acrylic acid, and predictect in 1943 that the ester
of 4,4,4-trinitrobutyric acid with trin~itroethamol would be an interesting explosive.

In 1947 the U.S. Navy began a program tc. explare these compounds. The initial task of in-
vestigating the chemistry of trinitroethanol wate undertaken by thi Hercul~es Powder Company
(Navy Contract NOrd-9925). The U.S. Rubber Company studied the chemistry of nitroform (navy
Contract NOrd-lO,129). After preparation of the first laboratory samples of ~ITUM, consider-
able interest was aroused. In early 1950 the Naugatuck Chemical. Division of U.S. Rubber Comn-
pany was assigned to prepare 100 pounds of TNTB The Bureau of Ordnance in July 1953 rtised
the production to 800 pounds with the assistance of the Hercules Powder Company in augmenting
the production at Naugatuck (Navy Contract NOrd-ll,280). TNI- is a high uxygen content
explosive.

References: 80

(a) j. M. Rosen, Properties of Trinitroethyl Trinitrob,.tyrute ThNI¶S, NAVORD Peport No.
1758, 17 December 1950.

(b) Bureau of Mines Report No. 3107, Part IX, Ballistic Mortar Tests on Trinitroethyl
Trinitrobutyrte, 5 April 1950.

(c) L. D. Hampton and 0. Svadaba, Evaluation of ,2,-Triniitr~ethly1-4,4,4-Trinitrobutyrate
as a COnatituent of Cesteble Explosives, NAVORD 3eport No. 261'4, 30 September 1952.

(d) U.S. Rubber Company Quarterly Progre~so Report No. 23, Synthesi of New Propellants
an Eplosives, Navy Contracts NOrd-10-129 and -12,663, 19 August 1953.?

(a) M. B. e±ll, 0. H. Johnson, ,J. M. Rosen, D. V. Sickman and F. Taylor, Jr., Prprtionand Properties of flNMl', a New Castable High Exploaive, NAVORD Report No. 3885, 27 January 155.

(f) M. E. Hill, Synthenis of New High Explosives, NAVOILD Report No. 2965, 1 April 1953.

(g) Jacob %avitt, A Sensitivity Test for Catale iui plsvInuinRelt
for Some New Materials, NAVORD Report No. 2997, 22Otcr 1953

(h) R. WJ. Gipson, ofstl" losives, IY. Selected Physico..Chemilcal Data of Ten
Pure High Explosives, NAVORD Report7No. 30, 1d June Iq.1k$

80See footnote 1, page 10.
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AMCP 706-177 Trinitro friazidobenzene

Composition: Molecular Weight: (C6 0 6 111 2 ) 336

NO2  Oxygen elolancaeS21.4 1• C0O- % . 29

N 50.0 N3  
N3  

CO % 0.0

0 28.6 02N NO2 Density: gm/cc Crystal 1.81

1 Meltin Point: *C Decompoases 131

C/H Ratio Freezing Point: 'C

Inpeat Sensltivity, 2 KO Wt: Point: *C
Bureou of Mines Apparatus, cm (a) 1 25
Sample Wt 20 mg Refetive Index, no

Picotinny Arsenal Apparatus, in.
Sample Wt, mg nap

n 30

Friction Pendulum Test: Vouvm Stability Test:
Steel Shoe cc/40 Hrs, at

Fiber Shoe 901C
100*C

Aill. Bullet Impact Test: Trials

Explosions
Partials 1500C

Burned 200 Gram Bomb Send Test:
Unaffe•ted Sand, gm

Lsplaelen Temperature: C (a) Sensitivity to intIowioal
Seconds, 0.1 (no cap used) -- Minimum Detonotlnj Charge, gm

I -- Mercury Fulminate
5 150 Lead Azida

"10 Tetryl

15
20 Blellistic Moatr, % TNT:.

Treual Teo, % pL}TW: 90
75" Imtateratlenol Heat Test:

% Losu in 48 Hrs Plate Dent Too.
Method

100C Heat Test: Condition

% Loss, 1st 48 Hrs Confined

% Lcus, 2nd 48 Hrs Density, gm/(c

ExWlosion in 100 Hrs Brisance, % TNT

Detonation Rate:
flemmeability Index: Confinement

Condition
Hygrezpicity: % 30 C, 90% R 0.00 Charge Diameter, in.

Votiity: Density, gm/cc

Rate, meters/second
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Trinitro Triazidobenzene AMCP706-177

Fragmentetaion Test: Shap.d Charge Effectiveness, TNT = 100:

90 mm HE, M71 Projectil, Lot WC-91: Gloss Cones Steel Cones
Density, gm/cc i Hole Volume

Charge V•t, Ib I Hole Depth

Toetl No. of Fregments: ,re -

For TNT C nOreenish-yello

For Subject HE
Prdncipel Umsi (c) Ingredient of primer mix

3 inch HE, M42AI Projectile, Lot KC-5:

Density, gm/cc
Charge Wt, lb

Totel No. of Fragments: Metbed of Loedl: Pressed

For TNT Dead presses at about 42,000 psi

For Subject HE _
Lending Density: gm/c "

Fre•gment Velocity: ft/I At 42,000 psi 1.75
At 9 ft
At 25,1/ ft Sterage:
Density, gm/cc

Method

M) ast (Relative to TNT): Hazard Class (Quntilty.Distance)

Air: Compatibility Grop
Peak Pressure

Impulse ,Exucdtlon None

Energy
Qualitative Solubilities

Air, Confned: at Room Teimpersture:
Im~pulse

Solvent Solubility

Under Water: Acetone Readily soluble
Peak Pressure Chloroform Moderetely soluble

impulse Alcohol SperiLgly soluble
Energ Water InsolubleEnergy

Compatibillity with Metals:
lj.dergrund: Wet: Does not attack iron, steel, copper

Peak Presure or brass.

Impulse Heat of:
Combustion, cal/gm (a) 2554

Burning Rate: (b)

cm/sec 0.65
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AMCP 706-177 frmnitro Triazidobenzene

Preparation: (e)

C2 l C1 HON02 CH+ 1 Cl mixed

derompositiou 
acid

Cl Cl

N02 NO2

Cl Cl NaN N N
-3 3 3

02N NO2  02N . NO2

Cl N3

Aniline is chlorinated to form trichloroaniline. The amino group is eliminated by the
diazo reaction. The resulting sym-trichlorobenzene is nitrated. This nitration is carried
out by dissolving the material in wrm 32% oleum, adding strong nitric acid, and heating to
14 0 °-150 °C until no trinitro trichlorobenzene (melting point 18TOC) precipitates (Ref f).
The chlorine groups are then replaced by azo groups. This Is accompliahed by adding an ace-
tone &'lution of the trinitro trichlorobenzene, or better, and powdered substance alone, to
an activ0y stirred solution of sodium azide in alcohol. Tbe precipitated trinitro triazido-
benz.ne is collected on a filter, washed with alcohol, water and dried. It may be purified
by dissolving ia chloroform allowing the solution to cool, and collecting the greenish yellow
crystals (melting point 131 C with decomposition).

Origin:

This initiating explosive was first prepared in 1923 by Turek who also perfected its manu-
facture.

References: 8 1

(a) S. Helf, Tests of Liplovive Compounds Subaintted bZ Arthur D. Littie, Inc-, PATR 1750,
24 October 1949.

(b) A. F. Belymeva and A. E. Belyaeva CR a.s. USSR L, 503-505 (1946) Chemical Abstracts

41., 4310.

A. E. Belyaeva and A. F. Belyseva, Doklady Akad Nauk. USSR L, 491-494 (1947).

(c) French Patent 893,941, 14 Nc-icmber 1944 (Chemical Abstracts !a, 8374).

(d) A. D. Yoffe, "Thermal Decomposition and Explosion of Azides," Proc. Roy Soc A208,
188-199 (1951).

(e) T. L, Davis, The Chemistry of Powder Knd Explosives, John Wiley and Sons, Inc.,
New York (1943), p. 436.

(f) 0. Turek, Chim *t Ind 26, 781 (1931); German Patent 498,050; British Patent 298,981.

81See footnote L, pase tO.'
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._ipentaerythritol Octanitrate (TPEN) AMCP 70&177

compo4I*oH mr'ecuMr Weigh~t- 0c 5 H20 8 26) 732

C 24.6 Oxygen Balance:
Ii 3.3 C0 2 %
N 15.3 Co %
0 56.8

,O F 2 0N• . C1., ' -2 ,H 20,NO., Dos. gm/ce Cry;tal 1.58

02NOC 20IC" -OC2CCHoN0 2  Melting Peint: "C 82 to 84
cRo-o2 alo:01o2 c32uolo2

C/H Rt'Q2l,1. Freezinglag Peont: "C

Impact Sensitivity, 2 Kg Wt: Iohllnt Point: 1C
Bureau of Mines Apparatus, cm

Sample Wt 20 mg Refractive hIdex, njo
Picatinny Arsenal Apparatus, In. 9

Sample Wt, mg 24 na
no3

Friction Pendulum Tot: Vacuum Stablity Ted:

Steel Shoo Unaffected cc/40 Hri, at

Fiber Shoe Unaffected 90"C
IO0*C Pure 2.45

Rifle lullot Impact Toe: Trials 120*C Specially purified 1.94
% ~135"C

Explosion$ 131c

Partials 11501C

Burned 200 Gram o•mb Se'd Teot:

Unaffected Sand, gin 58.9

Explosion Temperature: C Sensitivity to iInitlten:
Seconds, 0. 1 (no cap used) --- Minimum Detonating Charge, gm

I --- Mercury Fulminate ....
5 225 Lead Azidt 0.30

| 0 Tetryl ...
15

20 IIellhot Mortar, % TNT:

Truavl Test, % TNY:

75'C Iwtrnetlouimi Hesu Tes: P
% Losu in 48 Hrs

Method

100C Moet Test: Condition

% Loss, it 48 Hrt 1.15 Confined

% Loss, 2nd 48 Hrs 0.T5 Density, gm/cc

Explosion in 100 Hrs None grisonce, % TNT

Fhbmab~ty In~os: atoesaw" Rate,
Flashmeldlay INJ*: Confinerment None

Condition Pressed
HyrecoPkity: % Charge Olameter, In. 0.V

Volatility_ Density, gm/cc 1. 56
VeIetllty: Rate, meters/second 7650
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AMCP 7064177 T~ipentserythritol 0ctairt'TEN

Booster 5eftsisivity Teoe.4. Docompoeltion Equeotin:
Condition oxygen, aton'-/Ssc
Totryl, gm Iw

WaI, fr5%Deo~inHeat, ki loco lo-iof/mol& 23.1.
WoxIn. or 0% Dtonaion(.IH, kcal/nol)

Wax, om Temperature Range, 'C 215 to 250
Density, gm/cc phase Liquid

.'l.t of: I

Combustior, Cal/gmn 2632 Armor P'loft Impact Test:

Explosion, cal/gmn 1.085 64m atr rjcio
Gas Volume, cc/gmn 162 50)% Inert, Velocity, ft/Me<

Formation, cal/gmn Aluminum Fineness
vvslan, cal/gmn

500-ib Govgevl PI'Mpae sombe:
Specific Heat. Cal/gm/1C

Specific limpulse: Plate Thickness, inches

lb-sec/lb (calculated) 24~0 1

11/

11urMl"S~ Rate:
cm/sec

____________________________Bomb Dreg Test:

Thral/ "Ce*tlChIy T7, 2000-lb6 SemiAnmor-Plerciall Bomb vs Cosucreto,

o f e*eslo Max Sofe Drop, ft

Linar,%PC500.l16 General Purpue. tomb, -1Coacrfte:

Volume, %/'C Height, ft

HardessMak' Scle:Trials
Hovdnee, ob. ole:Unaffected

Y~ues. Modlus:Low Order

E', dynes/cml High Order

E, lb/Inch2 1000-16 General Purpose Bomb vs Concrete:.
Density, gm/cc

Height, ft
Compreeele Strougtl: lb/Inch5  Trials

_____________________________ Unaffected

Vapor Proesurat LAM- Order
.Cmm Mercury High Order
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Tripentseryth)r-itol Octanitrate (TPEON) AMCP 7064177

"Frgmenttlto Test: Shaped Cher+1 Effemt'veeee, TNT 100:

"90 mm HE, M71 Projectle, Lot WC-91: Gloss Cones Steel Cones

Density, gm/cc Hole Volum'n

Charge Wt, lb Hole Depth

Total No. of Freglmehte: W. rhit

For TNT
For Subject HEFr S EPridncipa Use.: High explosive tnd as possible

3 inch Hil, M42AI Projectile, Let KC-3: plastloicer for nitrocellulose

Density, gmn/cc
Charge Wt, lb

Total Ne. of Frolmient: Mthed of Leedlag, Cast or pressed

For TNT

For Subject HE_

_Lenohi DeOwWi gm/cc
Ftragment VWCO.: ft/c PPressed at 60,000 p•l 1.565

At 9 ft
At.25% ft bo 1e:

Density, gm/cc
Method Dr-

lost (Reletive '% TNT): Hzoard Cloas (Quantity.Ditmoe)

Ain ConpatibIlIty Group
Peak Pressure

Inmulse bu.otlon None

Energy

Air Confineds Hygroscopicity, Gain or Loss in Wt, %
Imipulse0 Insulin~Tno Hir:eI Mt'l .' ~ at 30°C ,

Under we, 40 20- .9
Peak Pressure

Impnrse 24 -0.008 +0.01 +0.04
1.8 -0.02 -0.01 +0.02

Energy 144 -0.01. -0.03 -0.02
192 -.0.(, -.0.02
216 -0.004 -0.01 '0.03

Peak Pressure

Impulse Solubi2lity:
Energy Solvent Solubility

Water Insoluble

Alcohol Soluble
Chloroform Soluble
Acetone, hot Very soluble
Benzene, hot Very soluble
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AMCP 706-177 TripentserythritnI Octanitrate (TPEON)

Compatibility With Other High bxlozivea:

10000 Vacuum Stability Test;

INT E PM X MIPEON

ml gau/40 hrs, 5 gm asuple 0.11. 2.15 0.39 2.45

ml gaa/40bra, .5gm sompe
of 50/50, TPEONM/ 1.89 1.71 2.32

Digentaerythritol Hexanitrate (rPEM)-TPEON Fusions:

0
% TP.N I % DPEHN Solidification Time, Days MP, C

2.00 0 - 83

95 5 3 68

90 10 3 69

80 20 5 73

50 50 30 6o (Buteotic)

20 80o 63

10 90 3 69

0 100 - 73

Prempation: (a)

Tventy gram (0.054 tol) of nitration grade tripentaerythritol (TPE) (99%) minimum purity)
were slowly added, with stirring, to 160 gm (2.55 aoi) of 99% nitric acid at a temperature ol
-25° to OC. On equivalent weight basis, this quantity of 99% nitric acid corresponds to an
excess of 6.3 times the TPE used. After addition of the TPE, the reaction mixture was stirred

about one hour at 00 to 50C and poured into eight times its volume of cracked ice. The
,xiuct, when allowed to stand overnight, was crushed under water; filtered with suction; and

washed copiously vith water. It was then treated twice with about 5 times its weight of a 1%
awmonium carbonate solution, stirred for several hours, filtered and waslied with water until
the final washings were neutral to litmus. Tle final product was washed successively with
50 cc each of ethanol and ether. lbe material dri 8 d in air weighed 37.8 gm or 96% of theory
based on TPE. It had r. melting range of 7lo to 7T4 C. Crystallization of the crude TPEON from
chloro.orm waa found to be the mcst suitable method of obtaining pure TPEON.

Origin*

T'PEON prepared by the reactioa of tripentaerythritol and 99% nitric acid at 0 -o ýOoc was
reported by Wyler in 1945 (J. A. Wyler to Trojan Powder Company: U.S. Patent 2,389, ý28,
20 November 1945).
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Tripentatrytbritol Octanitrate (~TPON) AMCP 706&177

References:
8 2

(a) J. J. LL*4onte, H. J. Jackson, S. Livi4ogton, L. B. Silberman and M. M. Jones, The
Preparation and Explosive Properties of Tripentaerythritol Octanitrate, PATR No. 2490,-r;58.

(b) K. Namba, J. Yameshita end S. T'nakm, "Pentaerythri••l Tetranitrate," J Ind Explosives
Soc (Japan) 1, 282-9 (1954); CA ý9, 11283 (1955).
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AMCP 706-177 rtnl802

Cempelt4e: Mlegur W01gho 81

___ Osvgee 3aleeee
M80Cos % -71

Auau20CO %-3

06eomsiy gm/cc Cast 1.7T2

M*li~ng Peei *C

C/H Ratio 11""I"e r.elth *C

P IMeOO SWAime~frt, 2 KS Wt: swll"a 100110 *C
Bureau of Mines Ap'poratus, cm 85

Sample Wt 20 mV Refreetiwe Index, no.
P PiGcitinny Arsenal Appoafous, in. 13

Sample Wt, mg i

Pritlee Penduulm Teot: v Mo Stebily Teot:
Steel Shoe Utwffeate4 cc./40 Hes, at
Fiber Shoe unaffeated 90*C

1001C 11.1
Rifle Blulet loped Toet: Trials 120*C 0.2

%135'C --

Partial& 0 150TC 0.8

Sumed 0 20 Go Ness Sand~ Teoo:
Unaffected 40Sad, Of"

IaP6060e Temperature: CSenesitivey to lIsmewteo
Seconds, 0. 1 (no cop used) 610 Mi~nimum Detonating chare, gm

5 eopss ZOLoad Aside 0.20
10 45 Teryl0.10

Traveul Too, % TNT%: b 2
?SIC lateeele a neIaHo Tea? Ph O T" :0

% Loss In 48 His mto

Hee TelCondition Coat

% Lou., I st 48 rs confined NO
% Lss.2nd48 isDensity, gm/cc 1.75

Emplaulora in 100 Hr Brleance, % TNT 93

flonmebl~y ldas:DIstieftad:
rkwsut ne:100 Confrnwt None Nn

Hyieeelet: ~oc~Condition cot Pressed
Hynsakiy: 30C 9%1W G.uCharge Diameter, In. 1.0 1.0
Veltitw: ty, gm/cc 1.71 1.72
volt.Rote, meters/iscond 64a75  6Too

WIN"6
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T'ritonal, 80/20 AMCP 706-177

Booster Senssitivity Test: (d) Decomspoweela Equetiee:
Condition CatOxygen, atoms/sac
Tetryl, gm 100 (Z/sec)

WaxIn. or 5% Dtonaion -58Heat, kilocalorie/moale
Waxin. or 5% Dtonaion * ~(AH, kcal/rrol)

Wax, gm Temperature Range, *C
Density, gm/cc 1.75 IYAOse

Hooteof: (a) kf mo To e
Combustion, cal/gm 4480lo.lpetTst e

Explosion, cal/gm 177 60 MM o.. Projectile:
Gas Volume, cc/gm 50% Inert, Velocity, ft/sec 509 >1100

Formation, cal/gm Aluminum Fineness 100 12
F..jion, cal/gm

__________________________________ 500-lb Generael FUPO,.. Bernie:.

Specific Meet: cal/g' :t/C (b)
0t02 Plate Thickn~ess, inches Trials %Inert

Density, gm/cc 1.714 10
6¼ 100

At 200C 0.31 1126 33
lqý 0

Burning Rate

_____________________________ Beeb Drop Teoo: (e)

7,GcOI/sC/MdCm/tY (b) 11 X -4 Y,2000-hb Semi-Anpe..Pi~relag Bemb ve Caettes.
Density , gm,/cc 1.73

Ceefftitlet of Exposeasiee Max Safe Drop, ft
Linear, %/*C 500-b Geseral Pwqpee Bomb vye Ceaciete:

Seal Seal
Volume, %/*C Height, ft 37-55

Trials 314 1)4
Hardneess Mobs' Scete: Unaffected 32 1)4

Yeung's moedw (b) Low Order 2 0

E', dynes/cml 676 X 10 10 High Order 0

E, lb/inch" 0.91' x 106 100lGeee eeelobyCeste

Density, gm/cc 1-72 Seal.
Height, ft 5,060

Cemiraweelv Stro"gtli: Wbinch, (b) 23140 Trials 214
Density, gm/cc 1 -(5 Unaffected ;1

Veaer PWeeee: Low Order 0
.Cmm Mercury High Order I
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AMCP 706-177 Inal, 8o/20

Iregmete Tew: SbepX CWar Effelveos TNT = 100:

90 HE. M71 Pr*e*ee, Lot WC-91: Go.. Cones Ste*l Core

Density, gm/cc 1.71 Hole Volume

Charge Wt, Ib 2.272 Hol Depth

TeW Me.•of F eSmw: W a Cray

For TNT 703
For Subject HE 616

PwkiWele Usec: GP bombs
23 Wab HM, M42A1 Pr•jeatile, Let KC..:

Density, gmn/c i. 73

Charge Wt, Ib 0.914

TdI Me. at Fregmeeft; e fL.ds:ra
FrTNT 514

For Subect HE 485
L. ee Dehey: gmn/cc ). 65-1.72

Feemee Vdebele: ft/se

At 9 ft 2460
At 25yj ft 230 :

Density, gm/cc 1.72

Method t~ry
iba" •./'eutwe re 114TJ (r) Hazard Ck. (Qwt.) class 9

Ain Compotliblity Group Group I
Peak Pressure 110

"Im.pule 115 Ecudatio

Energy 119

Ake. Contlead: Preparation:

Impule 13 Tritonal is prepared by adding TNT and

aluminum separately to a steam-jacketed melt
* Uadwu W~ete kettle equipped with a stirrer. Heating of

Peak Presure 105 the kettle and mixing of the ingredients eae
Impuls 118 continued until all the TNT is welted. When

the viscosity of the mixture is considered
Energy 119 satisfactory (about 85 0 C), the tritonal is

poured into projectiles or bomba the same as
U,,adee,•. TUT.

Peak Pressure 117

Im ,.ul.e 127
"Enrgy 136
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Tritonal, 80/2o AMCP 706-177

Origin:

The Addition of aluminum to increaae the power of explosives was proposed by Escales in
1899 and patented by Roth in 1900 (German ?etent 172,327). Some recent studies, directed
towards establishment of the optimum amount of c uminum in the TNT/Aluminum system, have shorn
that (1) the blast effect increases to a maxivum when the aluminum content is 30% (Ref g);
the brisance, as measured by the Sand Test, passes through a maximum at about 17% aluminum
(Ref h); in Fragmentation Tests, no maximum is obuerved, additions of aluminum causing a de-
crease in efficiency over the entire reange from 0% to 70% aluminum (Ref i); and (4) the rate
of detonation of cast charges is continuously decreased by additions of aluminum up to 40%
(Ref J). For all practical purposes it is concluded that the addition of 18% to " aluminum
to TNT improves its performance to a maximum. This conclusion is in agreement with that of
British workers who measured performance of aluminized TNT-mixtures based on extensive Lead
Block Test data (Ref k).

Tritonal, consisting of 80% 'NT and 20% aluminum, was developed and standardized in the

United Stutes during World War Il for use in bombs.
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8 3

(a) L. C. Solth and E. H. Eyster, Physical Testing of Explosives, Part fI, Miscellaneous
Sensitivity Testa, Performance Tests, OSRD Report No. 574b, 27 December 1945.
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Report AC-6437, May 1944 (Exbplosives Report 577/44).

"8-sae footnote 1, page 10.
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AMCP 706-177
Tri tonua, &/2o

(1) Also set the following Plcatinny Arsenal TechnICa1 Reports on Mrltonal.
0

1530 1693 144 1635 !956 1737 21381560 2353 
21272010

J.
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3 -,, fWý' 774 "M~t~~aH 9 i

Veltex !Io. ~4J8* AMCP 70&',r.

C mp ea~l*": MelecuheWa Welight: 281

'to. 'Osy_ Seieea
Nitrouellulose (13.15ý N 1.5.0CO%-2
tiitrog2.ycerin 10.7 CO % .
2-Ni trodiphecny1.umine 13Damaky: gm/cc PressedI r.2
Triacetin30

Mekfi Palmt : 2C

C/H Ratio I P0.tO Net: 1C

Impe Sees", 2 KS Wt: WNelW$ PN : 'C
Bureau of Mines Appcratut, cm

Somple Wt 20 mg Refrtative Index, n"
Picotinny Arsenal Apparatus, in.

Sample Wt, mg no
•m no

Frdtien PFauluiv T Test: Veovun gtellj Tet:

Steel Shoo Unaffected cc/A0 Hrs, at

Fiber Shoe Unaffected 90'C ....

T100C 1.29
Rifle Isuilet Imlst Test: Triols 120"C 29 hours ll+

% !235'C

Explosion&s 31"

Partials 150"C

Burned 200 Gnat Bomb Seow Tes:

Unaffected Sonl, gm 66.

ExP~leallea Temperatur.e C SueesiIvity to Imlte$.e.:3
Seconds, 0.1 (no cop usWed) Minimum Detonating Charge, gm

I Mercury Fulminate ....
5 I LeadAside 0.3010 Tetryl ..

20 Be~lsltie Meft., %TNT

-• Trevli Tes•, % TNT:.

WC Imerati.l Heat Test:
% Loss in 48 Hrs F Det Tow

Method

90 'C Hest Tet: Condition

"% Loss, lit 48 Hrs 0.28 Confined

"% Los., 2nd 48 Hrs 1.12 Density, gm/cc

Explosion in 100 Hrs None BrIsoncr, % TNT

Det"m.8e Raef:
Flemmabiity In4ex: Confinement

Condition

Hygraecepkity: % Chat Diameter, in.

Volatility. Density, gm/cc

Rate, meters/second (calculated) 8500

*See footnot• on following peae.
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AMCP 706-177 vtt.x xo. 4,48*

Condition Oxygen, atomrs/sc
(Z/sec)Totly, arn Moot, kikocalokie/sn-o

Wait. in. frt 50% Detonation (AH, kcali/mol)

Wax. om Tmpemrtuv PRonge, 'C

Denity, gmn/cc Phase

Combustion, cal/gmn 2359 A Phi. lmqoct Til:

Explosion. cal/gmn L226 las. Mest Ad Pr ojealle
Gos Volume, cc/gm 50% Inert. Velocity, ft/soc

Formation, cal/gm Aluminum Finoneu

Fusion, cal/gm
____ ____ ____ ____ ____ ___ so"b GeOMel purpose lom"be:

Compression at Rupture: % 8.26, Plate Thickrwss, incem

Work to Product Rupture: I

ft 'b/ina3  9.62

CM/SecIenab Drop Toat-

"Th"o Ceol• udell y: 17, 20004" 14" Bemb ve m•e•s•:

Ceoffl.ee f s Max Safe Drop, ft

Linear, %/PC go041h Gemwlm Purpose komb v-s Cseouafo

Volume, %/*C Height, ft

Trials
He I , Mow' SwAk: UnaffeCted

Ye•S'*,4•k~tLow Order /
Y..g.O MedalusHihve

E", dynes/cm 0.224 x 1010 High Orer

E, lb/inct. 0.35 x 105 0004 Gelmol fPepe lomb ve c•ecetet

Density, gm/cc
Height, ft

Ceselv So•seotb: lb/inch' 2720 Trials
Unaffected

Vow Preswft Low Order

• mm Mercury High Orde"

*Name assigned by Dr. Mark M. Jones, formerly
of PA; based on original development by
James H. Veltman.
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Veltex No. i448 AKCP 706-177

Fregmem~seo~e Toot: Skepe Chat" Effesiesemeu, TNT 100:

90 Mi E. M71 Puejctk"6, we WC-9101 Glass Came Steel Cones
Density, gm/cc Hole Volume

Charge Wt, lb Hole Depth

Tele No. of Cere.m Oran
For TNTCalnOng

For Subect HEPuiscipwi Uses: Higb umeckanical strength

3 lack HE. M42AI Projectile, Let KC4t machinsble eiloai,,e

Density, gm/cc
Charge Wt, lb

Te"e Me. of Frweamets: ~Le1 se
For TNT @Wo o alPrse

For Subject HA
_______________________________________ Leedag Desoft.: gm/cc

Fremee Vsdty ftsecAt 6,700 psi 1.T2
At 9 ft
At 25%, ft hee
Density, gm/cc

Method r

Shest (Rueive to mmT~ Hazard Class (Quantity-Distance)

Alin Compatibility Group
Peak Pressure
Impulse Exudation None

Enrg bachinability Excellent

Air, Ceootie":
Impulse

Undeq W~.er
Peak Pressu.re

Impulse
Energy

Peak Pressure
Impulse
Energy
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AMCP 706177 Veltex No. 448

Preparat ion.

The prepsration of thlj class of explosive compositions i'I !llastrated by the metl,)d used
for Veltex No. 448: Place 675 cc of wtter in a slurry kettle equjoped with an agitator. Add
5.85 gm of 2-nitrodiphe:,jlamine and agitate for several minutes to obtain dispersion. T1"hen
add 93.7 gm of water-we|, nitrocellulose (dry weight 67.5 gra) in 1m3ll portions. Raise the

-temperature to 480 C ai.d maintain this te-mperature, but cot.tinue the atptation. A mixture of
48.2 gm of nitroglycerin and 13.5 gm of triacetin is added over a 5-minute period, with the
mixing continuing fox, an additional 10 minutes at 480c. The FMP (350 gm) Is added cver a
5-minute period with 4gitation continued for 30 minutes at 480c. The slurry is cooled to
room temperature and filtered. The filter cake is dried to a moisture cor .nt between 8% and
12%, The incorporation of this mix is comp.Lsted by rolling 50 gm portions at a temperature
of approximately 900C. t?.e finished colloid is then preheated on a heat table at 660C. In-
crements of 25 gm each are pressed at 6700 psi for four minutes at 710 C. A cylinder is then
built up by pressing together four 25 gm increments for a dwell time of 15 minutes.

Origin:

Veltex is the name given to a series of closely related nitrocellulose compositiovs pre-
pared in 1957 at Pinatinny Arsenal by the solventless process used for propellants. These
compositionb all. contain i high percentage cf solid high explosive. They were investigated
to determinato the ouitability of the Holtex tylpe explosive developed by Hispano Suiza of
Switzerland, Fvarce and Spain, but for which the composition was not reported (Ref a). Com-
positions similar tW Valtex No. 448 and containing 60% to 80% IM, with either nitroglycerin
or riethyleneglycol d4nitrate aso colloidinig agent f~or nitro%,ellulose, have also beeri prepared.
In gernea.l these compoaltiona showed lower heat stability than th,%t of conventional high ex-
plosive compoeltiona.

Heferzic*ne •

(a) UýS. Uri Intelligence Information R~port IR-269-55, Holtex--Hiiano Sumz T.looive,
4 May 1955,

84S46 footnote 1, page 10.
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AMCP 706-177

(AMCRD-TV)

FOR THE COiMANDER:

OFFICIAL: CHARLES T. HORNER, JR.
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Chief, HQ Admin Mgt Ofc

DISTRIBUTION:
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ENGINEERING DESIGN HANDBOOKS'
LlIsted below are the Handbooks Alt habve keen published or are currenItly uonder propiration. Haindbooks with publicatiuoi
dates prior to I Aug~ist 1962 war* essjisbetd as 20-serijes rannce Corps Puagnlet1s. AIC Circular 31b-i8, 19 July 1963,
rudeoigna #d those pi-blications iq %e-series AMC Famphlets (e.g. , DROP 20-l36 was redersignated AMCP 706-138). All, new,
renrissad, or revised Handbooks one beihig riblished aa 106-ser'es AMC Poegilet!..

o.Title hO. Title
W49 70d- goc 7W6

i 00 *lWtsgn Ouidance (or Frodacibility 201 . lotorcreft tuglnuering. Port OAe, Preliminary
104 Ifal.!e lnginaoeriog Qaulgo
106 (Insts of Anmiamiwt Engineering. Part One. 20? 'ilatercreft Engineering. Part Two. Detail

i'Artes of tnergy Design
107 El. Atints of Armaeant Eingineering. Part two. 203 *Rotorcraft tne riea ng. Part FThres, Qualifica-

I"1I istics tion Assu'antne
108 Elenw*.s of Aromament Engineering. Part Three, 205 *Timing Systems and Caeovnts

Wiapee' Syotwuw end Cou'sonentS 210 tsoes
109 fTable a f S 0 Cuesulatlve Binomial Probabilities 211(c) Foams, Preoximity. iElctýiCai, Part Coo (UI
110 Euserinsencal Si~cistics, Section 1, Basic Con- 211(s) tsaes, Proximity, Electrl'~ai . Part TWO (U)

teots and Analysis of Nuaiasrenaeiit Data 213(s) twigs, Proximity. Electrical, Fart Three (U)I
III Eusrimmental Statistics, Suction 2. Ansalyois Of 214(5( Fues. P rsolety. Electrical,* Part Tour MLItEnueeatise andI Classificatory ga.. 2lS(zý Tu~ass. Proimity. Electrical, Part tis* (ill
112 Enperimentol Statistics, Section 3, Planning 23S -Hardening Weapon System% Agjaist OF fnor,y

and Analysis of Coprqative tuperlenents 2391s1 'Strall Arms Ainamnitisn (U)
113 Eni'erinwrtal Statistics, Section 4, Special 240($) Grenades (U)

Tonics 241(51 'Land Nines (U)
114 (zADorleental Statistics. Section 5, Tabiles 202 Design for Control of Orojictil FI q tii~

-11 5 CEnironmntal Series, Part One. Basic Enniroin- Characteristics (REPLACE$ -246)
"etaul Concepts 204 Ammunition, Section 1, Artillery Amornitin--

110 't'~iuroortntal !trieb. Parc two, Basic Esuiron- General, with Table o' Contents, Glossa-1,
12 m ental Foctor' and laden for Series

i ' C'iterla for Environmental Control of Mobile 245(0) AaePwnitlOe, Section 2, Design for Vermin,)
Systems Effects (U)

121 "Paceagiog and Pack Engineering 246 *DamItion, section 3, rislesi for Control of

123 01or~'c Fluids Flight Characteristics (REPLACED BY -242)
125 Cluctrical wlire and Cable 247 AfeWonition, Section 4, Design frPse.ii
127 -Infrared Militury Sys'tem, 'AParCn 248 udsaunition, Sactisn 5. InnoPC-4-,' Awoects Of
128(S) 'Infrarnd military Systet, Part Two Wiz Artillery Amneontisn Oesign9
lid Design for Air Tr4Anpisrt aud Airdrop if 249 Ammanitiop. Section 6k laoiufacturt of aetallic

matseriel Copne ts 0n Artillary Aneonsiltion
133 'Main tuiss.oility Engineering Theory and Practice 250 GqAn--Gefer~al
134 walncuinaklilty GuiefrGsg 2521 Nuzzle Denites
135 .natss Faetand Melated Mcas252 Gun Takes

1 36 Sers onwcnanisns, Section 1, 7jeory, 255 soectral Characteristics of imuzzle Flask
137 Servrcsanisn', Section 2. iPuabureeenit and 460 Avtoeetic Wenapons1'Signal Cosnverters ?10 Propellant Actuated Oevices

(3 enonsnsrScio ,Oeliiais o 2sigii of Aeronauin~ically Stabilload Trio
135 Sernom~rtianis-t, Section 4. Power Eleneonts and Macsets

System Design 281(5801 woelooo System effectiveness (ill
140 :rujaccories, Aifferentia Effects, and Data 202 'Propuls ion and Propellants (6CFILACED 8Y .255)

for ProjectIles 283 Aerodynamico
145 f2ynanits of a Tracking Gimbal System isd(CI Frnjecttrlt S (U1

50 inturior Ballistics of Gant 2Us Elements of Aircraft and 4issi a4 Pruoulsicas

160151 Elemarts of Terminal Rall'stits. Part One*, fill IREPi.ACES -2521
M0couis~rs and Vslserahility WI 286 Strsctures

161M5 Elemeents of Terminal Ballistics, Part Two, 290(C) darreads--General (U)
C.ollection and Analysis of Data Concerning 291 Ssrfaca-ts.Air missiles, Part One, System
Targets (0) lntugraion

162(SAD) Eler'ents 3f Tarmintal Ballistics. Part Three. 292 Surface-to-Air missiles, Part Fwo, Waeapon
noplicntiwo to Pissilet and $Pace Targets (U)Coro

165 Lioaii-Tilled Proj ectile, Design 293 Surfate-to-Air Plissilas. Dart Three. Computers
l7OiCl -- A'-or and Its Anpl 'CAtion (Ui) 29d(S) Surlate-15-Air Missiles. Part Four, Missile
175 Salta IrolatPart One Armament (U)
176(C) Seolid Propellants, Part Tao (U) 296(51 Sarfacati-oAir Missiles, Part Fisa, Counter-
117 PrOOPntles of Eoplosivse of Military lnwrnut massures (U)
178(C) *Prcnretias of Exnlosines of Nilitary Interest. 294 Surface-to-Air Missiles. Part Six. Stnsciores

Section ? (U) (P(PL ACED Bly -117) and Power Snareo~
179 ttplosioe Trains 291(S) Surfaca-to-Air, Missi las, Part Seane. Simple
18O 'Princislts of tanloslue Bebanior Fraklwip (01
IRS Nilitary Pyroticiwoics, Part QOe Theory and 3Z7 fire Control Syssems--Ganeral

deslicatlio" 329 Firt Control Conwauting Systems
ISAi Military Pyrotatlsits, Paes Fwo, safety, 331 C~asiensting Elements

Procedures use rlsssary 33S(180) CaesigaEngineers'sNuclear Effects Nansal,(
is? Military PprotutlhiicS, Part Three, Prope-ties Volm l" 1.eMnitions ean Weanon Systacs U

of Materials used in Pyroetchnsic Coomsitions 1335180) -%Wesig Enigineers 'asclear Eff.-ts Lnol
- 44 .0d Miltary Pyrotecuoics, Pert four, Design of !Tulane II. Electronic Syvsteams -j Logistical

AAnenanitisu for Pyrotechnici Effects Systems (01
189 Military Pyrotechnics, "art Fine. Bikliography 137(S40l 011 De 1nez1 i"zr ulear r"7ects Nnsal,
(90 drnq Weapon System Analysis t.ut11.Nce r Enintvra "0i
191 -System Analysis Andl CaiE-Effectiuflebb 3381580) *0esi gn Engineers' Maclear tfvvctl -al.
.91 .'qesiglowt *1do ,)r Reliability. Part Ona, galme IV, Nuclear Effect, (Al

Introiductison. 8dhgroand, ands Planningq for 340 Carriagew and Mounts-.r'weal
Arimy matarial 44veOO"rms'ts 341 Cradles

196 'Oevslszment Guide for Reliakility. Part Too, 342 Recall systems
Design for Reiiubilicy 343 TOP carriages

197 'Developrment Guide for Relilability, Part Three, 344 Bottom Carriages
Rieliakility Prediction 345 Csuilisrators

198 'Dase~opon'ert Guide far Reliability. Fart Tsar.' 344 Eleovting rkncnnisn-s
Rel iability laeasurwmit '347 Trs-a~ering Meckaril,"i

199 'Deselaorent Wuide for Reliability. Part Tine, 35G isuenlud deochibians
Contracting for R*ebliasiiE ' s 355 Aip utomoative Assembly

200 1Genelofeent Guise for Reliability. Fart Sin, 356 Autontise Suspensions
%Mtseepaticaa dApenata and Glossary 357 Automotise Bodies and Hulls

;'-N0tH -PREPA5AFIOP1--iiot availakle -REVISlIO UNDER PRtPAISA
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