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PREFACE

his handbook Aonstitutes Part Three of a planned series on Military Pyrotech-
"ni o L rms part bihe Engineering Design Handbook Series of the Army Mate-
riel . ParL Three'is devoted to the presentation of data on the principal
ingredient otechnic compositions. The information is presented on data
skaets, rpres. total of 128 ingredients.., The data presented here have been
-let -•-- •_• _ from mn'ea at. i P.re intended I facilitate reference and the mak-
ing of calculations by c engi.ieers aul phyrirists in the field of pyrotech-
nics. A single reference ls the main sour•es of data, is included and
each reference is keyed in by num. ate entries on the data sheets.
References that pertain only to a speciic data P end of the data
sheet under Additional References.

Part Two, a separate handbook with the same date of publication, deals with
the problems of safety in the pyrotechnics laboratory and plant, processing proce-
dures and equipment, particle size procedures, and contains a glossary of terms.

Part One, under preparation at the time of publication of Parts Two and Three,
wlil deal with the physical and chemical theorttical aspects of the production of
pyrotechnic effects, and the application of the theory to practice. It will also in-
clude a history of tLe pyrotechnic art and an extensive bibliography.

A. future volume, currently in the planning stage, will be devoted to discussion
of methods used in the evaluation of pyrotechnic items, determination of their com-
pliance with the requirements of the using service., special equipment and proce-
dures which are followed in tests and evaluation, and considerations affecting the
interpretation of results.

Material for Parts Two and Three was prepared by McGraw-Hill Book Company
.1 for the Engineering Handbook Office of Duke University, prime contractor to the

Army Research Office--Durham. The entire project was under the technical guid-
ance of an interservice committee, with representation from the Army Chemical
Center, Ballistics Research Laboratories, Frankford Arsenal, Harry Diamond
Laboratories, Picati.-iny Arsenal, U. S. Naval Am-nunitkn Depot (Craxe), U. S.
Naval Ordnance Laboratory, and U. S. Naval Ordnance Test Station. Chairman of
this committee was Mr. Garry Weingarten of Picatinny Arsenal.

Agencies of the Department of Defense, having need for Handbooks, may sub-
mit requisitions or official requests directly to Equipment Manual Field Office (7),
Letterkenny Army Depot, Chambersburg, Pennsylvania. Contractors should sub-
mit such requis t tions or requeato to their contracting officers.

Comments and suggestions on this handbook are welcome and should be ad-
* dressed to Army Research Office--Durham, Box CM, Duke Station, Durham, North!.'

Carolina Z7706.
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ABBREVIATIONS AND SYMBOLS*

A. Angstr~m unit(s)

a leaigth of side (X-ray dta) in Angstrom units

t abs. absolute

Adta Chem. Pcand. Acta Chemica Scandizavica (Copenhagen, Denmark)

Acta Cryst. Acta Crystallographica

addni,. additional

aIc. alcohol

alk. alkaline 
'

amor. amorphous

Anal. Chem. Analytical Chemistry

Anal. Chim. Acta AnalytIca Chimica Acta

Ann. Physk Annalen der Phytik

app. apparatus

approx. approximate(ly)

A. S. T. M. American Society for Testing Materials

at. atomic

av. average

* atm. atmosphere(s), atmosphcric

b length of side (X-ray data) in Angstrom units

Ber. Berichte der deutschen Chemic hen GeseUschaft

B. M. Bureau of Mines, Dept. of the Interior

B. P. black powder

b. p. boiling point

SAhbrevlatiUos and symbols in the following data sheets generally corre6pond to those in

Chemilcal Abstracts.
lv

t4
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Br. Chem. Abstr. British Chemical Abstracts

Bull. Am. Ceram. Soc. Bu1, tin of the American Ceramic Society

c crystal(s)

c length of side (X-ray data) in Angstr6m units

C. A. Chemical Abstracts

cal. calories(s)

Can. J. Technol. Canadian Journal oi rechnology

* cc. cubic centimeter(s)

Chem. Eng. News Chemical and Engineeriag News

c. f.m. cubic feet per minute

Chem. Eng. Prog. Chemical Engineering Progress

SC. I. Colour Index (nefs, 48 and 48A)

Chem. Revs Chemical Reviews

coeff. coefficient

compn (s) compositions

Compt. rend. Compte r-nduN hobdomaclaires des Skances de I'Acadernie do-
Sciences, Paris, France

concd. concentrated
concn. concentration

C, P, chemically pure

cryst. crystalline

cu. ft. cubic foot

d. density

DDTA derivative differential thermal analysis

decomp. decomposes

dil. dilute

Sdiln. dilution

JV

I.'
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DTA differential thermal analysis

equil. equilibrium

equiv. equivalent

est. estimate

estd. estimated

f. p.m. feet per minute

g. gram(s)

HC Hexac'Jloroethane Smoke Mixture

HL high explosive

ICC InterstAte Commerce Commission

I. C, T. Tnternatjinal Critical Tables (Ref. 42)

Ind. Eng. Chem. Industrial Engineering Chemistry

insol. insoluble

i. v. intravenously

J. Am. Chem. Soc. Journal of the American Chemical Society

J. Am. Ceram. Soc. Journal of the American Ceramic Society

J. Appl. Polymer. Sci. Juurnal of Applied Polymer Science

J. Chem. Phys. Jokrnal of Chemical Physics

J. Chem. Soc. lournal of the Chemical Society (London)

J. Colloid Sci. Journal of Colloid Science

J. Electrochem. Soc. Journal of the Electrochemical Society

J. Franklin Inst. Journal of the Franklin Institute (Philadelphia)

J. Phys. Chem. Journal of Physical Chemistry

J. Research NBS Journal ox Research of the National Bureau of Standards a

J. Soc. Dyers Colourists Journal of the Society of Dyers and Colouriuts

k- kilo

Kcal. Kilocalorie

Vi
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kg. kilogram

I liquid

SI. liter(s)

L. D. lethal dose

liq. liquid

iM., m. meter, cubic meter
M. A. C. Maximum Allowable Coacentration (based on continuous

expostxe for an 8-hr. day)

manuf. (g) manufacture, manufacturing

M. C.A. Manufacturing Chemists Ansociation

MeMm. artillerie frang. Memorial de I'artillerie franSaise (Paris)

Mem. poudres lMemorial des Poudres (Paris)

Mg. milligram(s)

min. minimumn

M. L. D. minimum lethal dose

mm. millimeter

mol. molecular

m. p. melting point

NG nitroglycerine

OSM Ordnance Safety Manual

P. A. Picatinny Arsenal

PATR Picatinny Arsenal Technical Report

pdr. powder

powd. powdered

p- p.m. parts per million

press. pressure

Proc. Roy. Soc. Proceedingo of the Royal Society (London)

vii
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psi pounds per square inch

Pt part

Pyro pyrotechnics
Rec. tray. chim. Recueil des Travaux Chimiques des Pays-Bas (Dordrecht,

Netherlands)

Rev. revision

R. H. relative humidity

rhbdr. rhombohedral

rhomb. rhombic, orthorhombic

R. I. report of investigation (followed by number)

R. T. room temperature

satd. soln. saturated solution (hygroscopicity determinations)

S System (used with Ref. 44)

s1. slightly

Sol. soluble

soly. solubility

Spec. specification

Op. gr. specific gravity

S. P. I. Society of Plastic Industries

stat static

S. T. P. Standard Temperature and Pressure

sup supplement

T temperature

tech. technlcal(ly)

temp. temperature

TGA thermogravimetric analysis

Trans. Faraday Soc. Transactions of the Faraday Society (Aberdeen, Scotland)

viii
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T. P. transition point

U. L. Uaderwriters Laboratories, Inc., Bulletin of Research

U. N. United Nations

vac. vacuum

vol., V. volume

Nt. weight

Zeit. anorg. Chem. Zeitschrift fur anorganischa und allgemeine Chemie

Z. Elektrocheir. Zeitszhrift fur Elektrochemic und angewandte physikalischeChe,,,e (Berlin)

Zeit. Physik. Znits&hrift fuir Physik

Zhrr. Fiz. Khim. Zhurnal Fizicheskoi Khimii (Journal of Physical Chemistry,
Moscow, U.S.S.R.)

ix
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'• 75) "Properties of Flammable Liquids, Gases, Venkatraman, _ Cmemic Press, Inc.,

and Solids," Associated Factory Mutual New York (1952)
Fire Insurance Companies, Ind. & Fng.
Chem. 32, 860 (1940) 85) Zahlenwerte und Funktionenwaus Pysik,

) _e o n f rChemie Astroi oh s und76) Physico-Chemical Constants of Pure Or- Telhnik, Landolt-B6rnstein, A. Euclks
e 03J. Tilxermans, -et a.,Julius Springer, Berlin (1951-57)

Elsevier Publishing Co., Am iterdam,
Netherlands (1950) 86) "Explosibility of Agricultural and Other

Dusts as Indicated by Mayimum Pressure
77) "The Perchlorates of @he Alkali and and Rates of Pressure Rise," P. W.

'Alkaline F~ax'€, Metals and Aramonium. Edwards and L. R. Leinbach, U. S. Dept.Their Solubity in WMter l a nd Otnier of Agriculture Tech. Bull. 490 (1935)
Solvents," H. H. Wllard And G. F. Smith,
J. Am. Chem. Soc. 45± 286 (1923) 871 The Oxidation States of the Elements andWeih~r Potentials Sn WAueous S-' tins

Wý7. t-.-m'r-," Prentice-Hal, ri
78) "Thermodynamic Constant,. of Sulphates, Englewood Cliffs, N.J. (1952)

Carbonates, Chromats, BromatesI
Iodates, Oxalates ard Other Salts Slightly 88) Handhuch der Organschen Chemie 4th
Soluble in Water,: N. P Zhuk, Zhur. Bellsten, Julius Springer, erlinFL.. KhUm. 28, 1i60 (1954) (In Russian) (through 1929, suppl. to 1961)
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89) Organic Syntheses, Vol. 1, H. Gilman and 93) "Toxic Hazards Associated with Pyro-
St7oT2., A. H. 7lat, Vol. 3, technic Items," Ordnance Pamphlet 2793,

E. C. Horning, John Wiley i Sons, 'nc., U.S. Naval Ordnance Laboratory (1957)
New York (? 941, 1943, 1955)

94) Rare Metals Handbook lst ed., C. A,
90) f b A. M. Pa-.erkon et al., Hampel, Reinhold PubiHshing Corp., New

American Chemical Society, Washington, wrork (1956); 94A) 2nd ed. (1961)
D. C. (1960)

95) Engineering Materials Handbook, C. L.
91) Chemical Enineers' Handbqook R. H. Manteil, ., cGraw- ,ompany,

~ Inc., New York (1958)Perry et al., F~s., McGraw-Hill Book n.NeYok19)

9) Company, Inc., Nii; York (1950) 9)~HDnl~nW
Comany In.,N• ork(190)96) Crystal Data, J. D. H. Dornay and W.

Navacki, Geological Society of America,
"92) "Toxicity of Nine Dyes. A L'terature New York (1954)

Study," N. Anson and P. Parent, C. W. L.
Tech. Memo. 47-6, Toxicological Infor- 97) "Standard X-Ray Diffraction Powder Pat-
mat nCenter, Army Medickl Center, Md. terns," National Bureau of Standards
(1959) Circular 539 (199•3-60)
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ACETONE, (CH,),CO Refs.
(Dimethdyl Ketone, t[.etopropane, 2-Propanone, Pyroaeetic EAher)

0
Structural Formila: HsC-8-CH.
Specification No.: JAN-A-489
Molecular Weight: 58.08
Crystalline Form: liquid
Color: colorless
Density, g./ml.: (liquid) 0.792 at 4-20-C
Coefficient of Thermal Expansion, cubical at 20°C: 1.487 X 10- 1

cubical at 0-54OC: Vt -- V (1 + 1.3240t$ +- 3.8090t' - -. 87983t') 1

Heat of Formation, Kcal./mole at 298OK: (liquid) -59,240 Addnl. Ref. 4
Free Energy of Formation, Kcal./mole at 2980K: -37,120 Addni. Ref. 5
Entropy, cal./deg./mole at 298OK: 47.9 Addnl. Ref. 5

at B.P. (ideal gas): 72.7 Addnl. Ref. 6j Melting Point: 177.50 K (-95.50C) 1
Heat of Fusion, cal.(15 0)/g.: 23.4 1
Boiling Point: 329.50 K (56.50C) 1
Heat of Vaporization, cal./g. at 56.10 C: 124.5 1,42

cal./mole: 6952 ±1 AddnL Ref. 7
Transition Point:
Heat of Combustion, Kcal./mole at 20 0 C and

I atm.: 426.8 1
Heat of Sublimation:
Autoignition Temperature, in air: 7000 C 71

1113 F 75
Enthalpy Change of Enolization at 25OC: Addnl. Ref. 2

Me*CO (liquid)--CH.•=CMeOH (liquid) Kcal./mole: 7

HEAT CAPACITY OF ACETONE
Set I, Reverse-flow Calorimeter, 760 mim. Addni. Ref. 1

t, °C 61 75 90 105
T, -K 334 348 363 378
c., cal./g./deg. 0.375 0.374 0.380 0.384
C,. cal./mole/deg. 21.8 21.7 22.1 22.3
t, °C 120 135 155 165
T, oK 393 408 428 438
c,, cal./go/deg. 0.890 0.398 0.416 0.420
C.. cal./mole/deg. 22.7 23.1 24.2 24.4

WM

1.

l . . .. ... . . . . ..
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I
A !tee (1JI 8)2 C0 (page 2)

Set I1, Direct-flow Calorimeter, 760 mm.
t, 0 C 59A4 74.6 99.1 149.4
T, -K 332.6 347.8 372.3 22.6
e,, cal.ig./deg. 0.376 0.374 0.380 0.406
CL, cal./mole/deg. 21.8 21.7 22.0 23.6

See also Addnl. Ref. 8
Decomposition Temperature and Products: Between 5060 and 6320C, the prod- 52V1,

ucts of decomposition are about Y2 saturated hydrocarbons and hydrogen, Addnl. Ref. 3
% CO, and the remainder CO2 and ethylene.

Vapor Pressure:
Press. mm. 1 10 40 100 400 760 M.P. 1
Temp. OC -59.4 -31.1 -9.4 +7.7 39.5 56.5 -94.6

X-Ray Crystallographic Data:
Interatomic Distances and Molecular Configurtio' 55,85,

C - C 1.57± 0.04A <C-C-O 1230
C- 0 1.14 Planar
C- H 1.09

Hygroscopicity:
Solubility Data: Miscible in all proportions with water, alcohol, ether.

Soluble in chloroform.
Health Hazard: Prolonged or repeated inhalation or contact may have a variety 12, 25, 29, 14

of harmful effects although cases of serious poisoning are rare. Also has a
narcotic effect, usually not chronic.
M.A.C.: 1000

Safety Classifications:
OSM: Class I, flammable liquid (flash point below 200F)
ICC: Listed under "Explosives and Other Dangerous Articles" as a flam-

mable liquid; red label
Underwriters' Laboratory: 90 (gasoline class)

Fire and Explosion Hazard: Dangerous when exposed to flame. The vapors 12, 25,26, 14,
form an explosive mixture with air; explosive range (% acetone by 12V75
volume) 2.55 to 12.8%. Can be ignited by an electric spark. Reacts vigor-
ously with oxidizing materials. Forms an explosive mixture with high con-
centrations of hydrogen peroxide. To fight fire use water, carbon dioxide.
dry chemical, or carbon tetrachloride. For precautions in storage, handling,
and dispensing, see Refs. 26 and 14.
Caution: Keep away from fire.

Electrostatic Sensitivity: Readily ignited by static discharge. 14
Use in Pyrotechnics: as a solvent

Additional References:
1) "The Heat Ca~iaity of Organic Vapors. VI. Acetone," B. Coflins et al.,

J. Am. Chem. Soc. 71, 2929 (1949) I
2

4 ~ I
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Acetone, (CH0)2CO (page 3)
2) "The Heat of Hydrolysis of i-Propenyl Acetate and m-Cresyl Acetate

and the Heat of Enolization of Acetone," S. Sunner, Acta Chem. Scand.
11, 1757 (1957)

3) "Thermal Decomposition of Acetone in the Gaseous State," C. N. Hin-
shelwood and W. K. Hutchison, Proc. Roy. Soc. A iii 245 (1926). Ab-
stracted in Br. Chem. Abstr.

4) "Free Energies of Some Organic Compounds," G. S. Parks and H. M.
Hoffman, The Chemical Catalogue Co., New York (1932)

5) "The Heat Capacities of Isopropyl Alcohol and Acetone from 160 to
2980K and the Corresponding Entropies and Free Energies," K. K.
Kelly, J. Am. Chem. Soc. 51, 1.145 (1929)

6) "The Entropy of A,:t.one a_, ls3propyl alcohol from Molecular Data.I. The Equilibrium in the Dehydrogenation of Isopropyl alcohol," S. C.
Schumann and J. G. Aston, J. Chem. Phys. 6, 485 (1938)

7) "The Thermodynamic Properties of Acetone," R. Pennington and K. A.
Kobe, J. Am. Chem. Soc. 79,300 (1957)

8) "Estimation of the Heat Capacities of Organic Liquids," A. Johnson
and ChenJung Huang, Can. J. Technol. 33, 421 (1955) 1

S 7
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ALCOHOL, C2H.,OH
(Ethyl Alcohol, Ethanol, Methyl Carbinol, Refs.

Spirit of Wine, Grain Alcohol, Ethylie Alcohol,
Rectified spirit =90-95% alcohol)

Specification No.: MIL-E-468A
The specification covers grades 1, 2. 5, and 6, of which only grade 2 (min.
94.9 % alcohoi by, 'ol.) is used in pyrotechnics.

Molecular Weight: 46.07
Crystalline Form: liquid
C jolor: colorless
Density, g./ml.: (liquid) 0.7893 1
Coefficient of Thermal Expansion, cubical At 20OC:1.12 X 10-" 7

Vt =ffV, (1 + 1.01 2 -8 + 2.20 X 104) (fot 99.3% byvol.) 1,41
Heat of Formation, Kcal./mole at 2980K (gas) -W.24 9(liquid) -66.356 '

See Table a
Free Energy of Formation, Kcal./mole at 293°K: (gas) -40.30 9

(liquid) -41.77
See Table aEntropy, Kcal./mole: (gas) 67.49

(liquid) 38.4
See Table a

a ENTROPY, FREE ENERGY, AND RELATED QUANTITIES
ETHYL ALCOHOL IN THE IDEAL Cmg STATE AT

1-ATMOSPHERE PRESSURE Addnl. Ref. 5
(. - 52,260 cal./mole-')

T _a z ) Sc _o iF0" logtK'

cal./deg.-I cal./deg.". - & FO/R.T.
OK mole-, mole-' cal./mole-1  cal./mole-' 2.3026

298.16 .... 54.27 6W.45 68,440 -40,010 29.829
300.00 . 4.34 66.56 68,560 -39,910 29.075
400 ..... 58.11 72.11 75,500 -34,310 18.749
5. 61.42 77.12 82,970 -28,470 12.447
6M0 ..... 641.4 81.76 90,920 -22,490 8.191
700 67.22 86.08 93,310 -16,390 5.118
800 ..... 69.84 90.12 108,180 -10.230 2.796
900 ..... 72.31 93.92 117,330 -4030 0.980

1000 -..... 74.65 97.48 126,910 +2190 -0.479
1100 ..... 76.88 100.85 136,880 8480 -1.675
1200 ..... 79.02 104.04 147,080 14,680 -2.673
1800 81.07 107.06 157,650 20,920 -3.517
1400 83.03 109.94 168,500 27,170 -4M.39
1500 84.92 112.67 179,640 83,410 -4.867

a F0 and K are the free-energy change and equilibrium constant, respec-
tively, for the reaction forming ethyl alcohol from its elements in their standard
states at TOK.

4
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Alcohol, C2HSOH (page 2)

Melting Point: 158.6-K (-114.5-C) 9
Heat of Fusion, Kcal./mole: 1.200 9
Boiling Point: 851.7 0 K (78.60C) 9
Heat of Vaporization, Kcal./mole: 9.22 9

Heat of Sublimation:

Heat CoL~ent or Enthalpy:
See Table bHeat Capacity, cal./deg./mole at 298OK: (liquid) 26.64 9
See also Addnl. Refs. 2 and 5, and Table b

b. HEAT CAPACITY AT CONSTANT PRESSURE, HEAT CONTENT, AND
RELATED QUANTITIES OF ETHYL ALCOHOL IN THE

IDEAL GAS STATE Addil. Ref. 5
(EM - - 52,260 cal./mole-')

ST ~~~~Ho - E0° H °* C

T 0-HI) 4Ho0  Co
T

OK cal./deg.-' cal./deg.-'
mole-, cal./mole-' cal./mole-1 mole-'

298.16 .... 12.18 -48,630 -56,240 17.59
800.00 .... 12.22 -48,600 -56,260 17.66
400 14.00 -46,660 -57,250 21.00) 500 15.70 -44,410 -58,110 24.09
"600 ..... 17.33 -41,860 -58,780 26.81

700 18.86 -39,060 -59,820 29.18
800 20.28 * -36,030 -59,710 31.25
900 21.61 42,810 -60,000 33.07

1000 22.83 -29,430 -40,200 34.66
1100 23.97 -25,900 -60,320 86.06

1200 25.02 -22,240 -00,370 37.28
1300 25.99 -18,470 -0,350 38.34
1400 26.91 -14,590 -60,250 39.27
1500 27.75 -10,630 -W0,190 40.08

A HO is the enthalpy of formation of ethyl alcohol from its elements in
their standard states at the temperature T.

Decomposition Temperature:
Decomposition Products: burns to CO and H20

5

( ) ...
4
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Alcohol, C2H 5OH (page 3)

Vapor Pressure:
Preas. mm. 1 10 40 100 400 760 M.P.
Temp. OC -81.3 -2.3 +19.0 34.9 63.5 78.4 -112

X-Ray Crystlographic Data:
Hygroscopicity:
Solubility Data: Miscible with water and many organic solvents in all propor- 1

tions.
Health Hazard: It is not considered an industrial poison, although large doses 12, 25, 26V1,

cause nausea, vomiting, impaired perception, lack of coordination, stupor, 29
and even death. Habitual use may cause gastritis, delerium tremens, hal-
lucinations, peptic ulcers, and hepatic cirrhosis.
Exposure to concentrations of 5000-10,000 ppm. irritaLes the eyes and
mucous membranes. Inhalation produces the same symptoms as ingestion.
M.A.C.: 1000 14

Safety Classifications:
OSM: Class I
ICC: Listed under "Explosives and Other Dangerous Articles." Flam-

mable liquid ; red label.
Fire and Explosion Hazard: Readily ignited by fl'.me or static electric discharge. 12, 26, 14, 91

Forms explosive mixture with air.
Explosive limits in air: 3.28 to 19% alcohol by vol.
Flash point: 55°F
Autoignition temperature: 799 0F (95% alc.)

738OF (100% alc.)
For proper storage and handling see Refs.
To fight fire use CO, dry chemical, or CC14.

Electrostatic Sensitivity: Can be ignited by static electric;l divharge. 14
Heat of Combustion, Kcal./mole at 200C

and I atm.: 327.6
Viscosity, ceatipoises at 200C

(for aýe. alcohol) : 1.22 Addn!. Ref. 6
Surface Tension, dynes/cm. at 200C

(for abs. alcohol): 22.5 Addnl. Ref. 6
Use in Pyrotechnics: for shellac solutions

See Spec. JAN-S-732

Additional References:
1) "Thermodynamic Properties of Ethyl Alcohol," R. C. Reid and J. M.

Smith, Chem. Eng. Progr. 47, 415 (1951)
2) "Estimation of The Heat Capacities of Organic Liquids," A. Johnson

and Chen-Jung Hviang, Can. J. Technol. 33, 421 (1955)

6!
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Alcohol, C2HftOH (page 4)

3) "Heat Capacities of Cl-.. Aliphatic Alcohols," G. Sink- and T. DeVries,
J. Am. Chem. Soc. 75, 1815 (1953)

4) "Ethyl Alcohol," U. S. Industrial Chemical Co., Division of National
Distil!ers and Chemical Corp., New York (1960)

5) F. Brickwedde et al., J. Research NBS 617, 270 (1946)
(thermodynamic data)

6) "The Technology of Solvents and Plasticizers," A. K. Doolittle, John
Wiley& Sons, New York (1954)

7

Downloaded from http://www.everyspec.com



ALUTIINMM , Al
(Aluminum) Refs.

e1•ificatiou No, : •AN-A-447
The opwifcation covera three. typw, which vary in purity, and five ezasses,
which vary iv. granulation &0d appuremt density.
yp. A.•-f dikes nanufactured by gzinding or tta•nping.

Tye B-granular or apheroidAd particle8 manufactured by the atouihizirj
pro~, o by grinding.

Type C,- Inular or spheroidal particles manulactured by thc aomizing
proce"".

-4olecuiar Weight: 26.98
Crystalline Form: cubic
Color,. silvery whi; t
Density, g./ml.: (solid) 2.699 at 200 C 1

(liorid) 2.382 at 659,C
Coetiient of Thermal Erpansion:

Tenip. OC Coefficient Temp. OC Coefficient
-191 to + 16 1835 x 10 40 23.14 X I#)-

20 95.1 x 106•- 600 fl.5O X 10
Heat of Formation, cal./mole at 298OK: (gas) 77.50 5
Free Energr %f Formaticov, cal./mole at 298 0K: (gas) 67,801
Pntropy, calo/deg./mole at 298°K: (c) 6.769 5(gas) 59.101 5Sep. Tables a, b, and c

Melting Point: 9E2±1°0 K 6590 C) 5
Heat of Fusion, cal./mole" 2550 6
BoPing Point: 2720 oK (2447-C) 5
Heat of Veporization. cal./mole: 70,200 5
Transition Point:
Heat of Transition:
Heat of Sublimation, cal./mole at 298cýK: 77,500 5
Heat Content or Enthalpy, ral.'mole at 298.15OK: (solid) 10.94 4, F

(liquid' 7.00
(g•) 44,97

See Table a

I
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4uminum, Al (p.~o2
a. HEAT CONTENT AND ENTROPY OF Al(c, 1) 4

(Baw., crvstala at 298.15 0 K; atomic wt., 26,98)

-• , e•!/• le ,•./dg°cal./molfe cal./deg.
mole mole

400 600 1 A2 1500 ..... 10,830 .3.59
S500 ..... 1230 ;14 1600 ..... 11,530 14.04
600 1890 4.34 1700 12,230 14.46
700 ... 580 5.40 1800, ... 12,93i 14.86
800 33,10 6.38 1.900 ..... 13,6.30 •5.4
Do .00 .... 4060 7.26 2000 . . . 14,330 15.60
932 (W . . 4280 7.50 2100 ..... .. I.030 15.94
932 (1) . . . 10.26 2200 ..... ... 15,730 16.27

1000 ..... T783 10.75 2300 ..... ... 16,43A 16.58
1100 .. . 803" 11.42 2400 ..... ... 17,130 16.38
1200 .. . 8730 12.03 2500 ..... ... 17,830 17.16
1300 .... . 94830 1.2.59 26u0 . . 18,530 17.44
14T) ....... 1•,130 13.11 270C ..... 19,230 17.70

Ai (e)
Enthzlpy; HT- H298 .1 -- 4.9-T + 1.48 X< 10-8T2 - 1604 (0.6 percont - 2983 - 932-K)
Heat Capacity: C, - 4.94- 2.96 X 10-IT; & 11982 (fusioIN -2570

SA]11) :

Enthalpy; -r,- H2,, 7,00 -+- 330 (0.1 percent; 932c -270 0 °K) I

S.

9

?--
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Aluninumn Al (page 3)

b. HEAT CONTENT AND ENTROPY OF Al(g) 4
(Base, ideal gas at 298.150K; atomic wt., 26.98)

T, -K_ HT__-H9. I -S-ý,C- ---.-.-I.. ..- ; ___.

cal./mole cal./deg, cal./mole c L.'deg.
mole mnole

400 ..... 515 1.49 1900 7995 9.27
E00 1020 2.62 2000 8490 9.53
600 ..... 1520 3.53 2200 9485
700 ..... 2020 4.30 2400 .1...... .. 0.4.3
800 2bz(. 4.17. 2600 . . . . . i,, 19l,
900 ... 3020 5.55 2800 ...... 12,47( 11.20

1000 .... 3515 6.08 3000 ...... .. 13,460 11.54
1100 ..... 4015 6.55 3500 ....... 15,950 12.31
1200 . . . 4515 6.99 4000 .... 18,440 1219 1

1300 5010 7.38 4500 .20,950 13.57
1400 ..... 5510 7.75 6000.........3,450 14.10
1500 6005 9.10 6000 ....... 28,790 15.07
1600 ...... 6505 8.42 7000 ....... 34,640 15.97
1700 ..... 7000 8.72 8000 ...... 41,440 16.817
1w0) ..... .. 7500 9.00

Al (g):
Enthalpy: HT - Hm1 = 4.97T -0.i2 >, 10T-A - 1442 (0.1 pjerceht; 2980 - 50000K
Heat Capacity: C, = 4.97 -+ 0,12 X 10Tý2

c. HEAT CAPACITY OF ALUMINUM* 5
Soý.d from 298c t 9321K
Liquid froin V32- to 2720 0 K
Gas from 2i'200 t 3C901°K

T, -K C") (cal./deg./mole)
ýX8 5.82
400 6.12
600 6.72
bOO 7.31

10W0-2700 7.00
2800-3000 4.97

*See also CE equations directiy above

Decomposition Temperaturc'
D composition Products:

Vapor Pressure:
Press. mm. 1 10 '0 10, 400 7_311 M.P.
Temp. 0C 1284 1487 1635 1719 1947 2056 660

10

?-
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Ahuniinum, Al .page- 4)

X-Ray Crystallographic Data:
System Space Oroup a Mfole-uiesl/Unit Cell

Os 5.43A 4
Hy.,roscopicity, cunialative increase in weight after: 51

Atomized Stamped
o ever H 2 0 for 29 days: 55.27% 0.%

Storage over H2SO fOr 29 d-q --.50.2% 0,0%
Two days in oven at 105°C: 47.8% -1.4%

Solubility Data: In alkali; hydrochloric,
sulpha:ýc acids : soluble

In nitric acid, ace-tic acid: insoluble
i-ealth Hazard: None. Not usually considered an industrial poikon. Aluminum 12

dust cLn irritate the eyes. Inhalation of dust may cause chronic pulmonary
disease.
MoA.C. 50 million particles/ft.3

(15 mg./m.3 ) 25
Safety Clasl* fcationr:

OSM: Clans 1. Class 2 when not packed or stored in original shipping con- 14
tainrs or equivalent (types I and II).
U.N.: f(nflman-able solid, which in contact with water emits flammable gas. 15

Fire and Explosion Hazard : Dust may ignite when exposed to heat of flame. 12, 14,49, 51
May ignite by ?hemical action with oxidizers. Powder easily ignited or
initiated to explosion by discharges of static electricity. See Electrostatic
Sensitivity below.
Caution: Keep water away. Evolution of hydrogen gas may result in explo-
sion. When compounded with oxidizing agents, the powdered metal is a
dangerous fire and explosion hazard. Special' mixtures of dry chemicals
should be used to fight aluminum fires.
See a'so Ref. 86

SLrstatic Sensitivity: Minimum energy required for ignition of powder by 26
-!ectrik sparks (millioules)SDusttCloud D~ust Layer

Atomized: 15 2.5
Stamped : 10 1Z

Jgnition Temp. of Al powders, OC: 26
Dust Cloud )u..- Lazyer

Atomized: .340 750
Stamped: 550 470

Minimum Explosive Coicntra~ton, mg./!.: 26
Atomized: 40
Stamped 35

Used in Pyrotechnics: Alurim. is used as a fuel. It produces ax, intense white 17,20
light on burning, but no distinctive flame coloration.

Additional References:
1) Ref. 64
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II

ALUMNUNM OX.IDE, ,U2 ,..

{Aluminta, a-Alumina, Corundum, Aluwn.) Rcfs.
Percent Oxygm: 47.08
Specification No.: MIL-A-10825
Molecular Weight: 10t96
CrystaVine Futa, hexagonal
Color: colorless I

SDensity, .f/ml.: (solid) -.96 S1A
(h luid) 2975-2626"1K Addnl. Ref. 55.68-1.127 X( 10"-3T,

Alumina may exist in several foeum at low temperature, but they are all
convertei to a.alumin6 (corundum) by heating above 16000C, 7!he change
is irreverLible. N
p-Alumina is an impure foym that .-ecurs fr m sodium cr potassium alu-
mirate.

Temp. 'If Trams.Form Civetz•~ne Demit~y 1/ource y..rmaiion to

€. hexanl 3.085 stable form
y sph.el tyrT dehydration of

(hydrous) Al23 .> 1200
' cubic 8.619 electrolytic oxi-

dation of Al 750-1000
a hexagonal 2.40 dehydration of

A1C1 3" HO 950
e cubic - electron diffraction
Soctahedron 3.r from lithium melts > 1600

C•efficient of Thennal Fxvasion. lInear for alundum,
25o-900oC: 8.7 X 10-6 31

Heat of Formntion, Kcai./mole: (corurdum)a(c)-399.09 9
.(c)--884.84

See rable a
Free Energy of Forination, Kcal]./rnr~ at 298OK: (coruiýAum) -. 76.77 9

See Toble

12

L\
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AhAluminum Oxide, AJO20 (page 2)

SHeat and Free Energy of Formation:
a. HEAT AND FREE ENERGY OF FORMATION OF 2

AiOs (CORUNDUM)

T, °K A H (cal./mole_ A FO (cal/mole)

298.16 .... 4-99,600 (_t 900) -377,300 (- 900)
400 ..... 499,700 -369,600
500 .... -99,600 -62,100
600 ..... -399,500 -34,600
700 ..... -399,200 -347,100
800 ..... -499,100 -M9,700
900 ..... -398,900 -32,300
981.7 .... -398,800 -329,900
931.7 .... -403,900 -329,900

1000 .... . 403,70V -324,600
1100 ..... -403,400 -316,700
1200 -403,000 -308,800
1300 ..... -402,600 -300,900
1400 -402,300 -293,100
1500 ..... -401,900 -.285,400S1600 . ..- 401,500 -277,600
1700 ...- 401200 -269,900
1800 ..... 400,800 -262,200
1900 ..... -400,400 -254,600
2000 ..... 400,100 -246,800

Phaae Changes of Metal
M. P., 931.70 K; & H == 2570 cal./g.-atom

Energy Equations: 2
Reaction Range of Validity, OK

1) 2A] (c) + 3/2 0 2 (g) -- A12 Os (corundum) 298.16 to 931.7
A.T = 404,480 - 15.68T log T + 2.18 (10-3T2) + 3.935 (10 5 T1) + 123.64T

2) 2A1 (1) + 3/20, (g) = A12Os (corundum) 931.7 to 2000
A F = -'407,950 -- 6.19T logT- 0.78 (10- TV) + 3.935 (10'T- 1) + 102.37T

Entropy at 2980 K, cal./deg./mole (corundum): 12.186 9
See Table b

Melting Point: 23130K (20400C) 9
Heat of Fusion, KcaL./mole: 26.0 9
Boiling Point: 25230K (22500C) I

corundura (a-alumina) 3773OK (35000C) I
Heat of Vaporization:

13

1!

Downloaded from http://www.everyspec.com



Aluminum Oxide, Al,0 8 (page 3)

Transition Point:
Heat of Transition:
Heat of Sublimation:Heat Content or Enthalpy:

b. HEAT CONTENT AND ENTROPY OF AlIO(c) 4
(Base, corundum at 298.151K)

T, oK l - 1mso.e15 ST - S26.15 T, -K H, - H2,8.15  ST 2-9Sr. 1
cal./mole cal./deg, cal./mole cal./deg.

mole mole
400 ..... 2150 6.17 1300 ..... 27,730 38.87
500 ..... 4580 11M59 1400 ..... 30,800 41,14
600 ..... 7200 16.36 1500 ..... ... 33,890 43.27
700 9960 20.61 1600 ....... 36,990 45.27
800 ..... ... 12,810 24.42 1700 ....... 40100 47.16
900 ..... 15,720 27.84 1800 ...... 43,220 48.94

1000 ..... 18,670 30.95 1900 ..... 46,350 50.6-3
1100 ....... 21,660 33.80 2000 ..... 49,490 52.24
1200 ...... 24,680 36.43

A12 03 (c):
Enthalpy: HT- HIs.l. i-= 27.49T + 1.41 X 10-4T2 + 8.38 X 10 5T-1 - 11,132

(0.5 percent; 2980 - 1800 0K)
Heat Capacity: C, = 27.49 + 2.82 X 10-BT- 8.38 X 105T-2

Heat Capacity, cal./deg./mole: (solid) 18.88 4, 9
See Table b for equation

Decomposition Temperature: 38000 K ± 200 8
Decomposition Products: 2AIO (gas) + 0 63

For DTA see Addnl. Ref. 4
Vapor Pressure:

Press. mm. 1 10 40 100 400 760 M.P.
Temp. oC 2148 2385 2549 2665 2874 2977 2040

X-Ray Crystallographic Data (a-corundum):
Systeem Spat, Group a c Molecules/Unit Cell 1

hexagonal D 5.56A 22.55A 2
Hygroscopicity: Powdered A1203 readily absorbs moisturc from the air. 29
Solubility Data:

In water at 29OC: 0.000098 g./100 g. 1
"In hot water: insoluble
In acids and alkalies: very slightly soluble

14
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Aluminum Oxide, A.1Oa (page 4)

Health Haz.,rd: High cc ncentrations of dust may be irritating to the respira- 29
tory tract and cause Shaver's disease.
M.A.C., 50 million particles/ftA 12

Safety Classifications: .
Fire and Explosion Hazard: - .
Electrostatic Sensitivity:

Use in Pyrotechnics: A small amount of alu.nina added to powdered red piios- Spec. MIL-
rhorus maintains it in a free flowing condition and free from lumps. 10825
Aluminum c-ide is formed when aluminum or any of its compo-'nds are
burned in air, or in a sufficient amount of oxidizer or oxygen.

Additional References:
1) A. D. Mah, J. PLys. Chem. 61, 572 (1957) (gives the value for Heat ot f

Formation as - 400.48 ± .25 Kcal./mole)
2) "The Gaseous Species of the AI-A] 2O8 System," L. B. ewer and A.

Searcy, J. Am. Chem. Soc. 73, 5308 (1951). (disassociation pressures)
3) Ref. 64
4) "Differentiai Thermal Analysis of Organic Compounds," A. T. Perkins

and HI. L. Mitchell, Trans. Kansas Acad. Sci. 60,437 (1957)
5) "The Density oi Liquid Aluminum Oxi, e," A. D. Kirshenbauw and J. A.

Cahill, J. Inoi7g. Nucl. Chem. 14,283 (1960)

I
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a

I-A-MNOANTHRAQUINONE, CHNO, Refs.
( -Amnno-9,10-Dihydro-9,10-Dioxoantdraeene;

Fast Red Al; %-Anthraquinonylamilne, C.L.37275, Azoie Component 36) 1,84, 48A

0 NH*II I

0
Structural Formula:
Specification No," MIL-D-3698
Molecular Weight: 223.23
Crystalline Form: needles
Color: red 88V14
Density: v
Coefficient of Thermal Expansin:
Heat of Formation:
Free Energy of Formation:
Entropy:
Melting Point: 5250K (2520C) I52oK (2•58oC) 84
Heat of Fusion:
Boiling Point: sublimes 1, 88V14
Heat of Vaporization, Keani/mole At 298-K

anu 1 atm.: 28.7 ± 0.1 Addnl. Ref. $
Transition Point:
Heat of Subliumton:
Heat Content or Entiaspy:
Heat Capacity:
Decomposition Temperature:

.1or DTA and TGA see Ref. 81
Deconmposition Products:
Vapor Preevire:
X-R.•y Crystallographic Data:

For absorption spectra see Ref. 66
Hygroscopicity:
Solubility Data: Addnl. Ref. 2

In water, g./10C g. at 250C: 0.00004 1. 28, 88V14
at 800C: 0.0009 and V17

In ether, chloroform, benzene: goluble
In glacial acetic acid, 11. at 11.5 0C: dissolves 8.8 g.

16
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1.amincianthrequinoue, C1jHINO2 (page 2)

In 92-96% H2S0 4 : disolves 1.ith
yellow Colo0

in ohum, 20% Sc/ : 80s'dissolves with
Ioe ,2% red color

In conientrated HCl dissolves

Health Hazard:
Safety Classifications:

not listed

ICC: nvot listed

Fire and Explosion Ha7,a,'d:
Electrostatic Sensitivity:
Use in Pyrotechnics: To color smoke mixtures red. Used in orange smoke

mixtures.

Additional References:
1) "A Radioactive Ionization Gauge and itz Application to the Measure-

irent of Late:it Heat of Vaporization," J. H. Beynon and G. R. Nichol-
son, J. Sci. Instr. 83,376 (1956)

2) J. Soc. Dyers Colourists 70, 88-77 (1954)

IT
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AMMONIUM NITRATE, NHNO Re/t
Percent OCygen: 60
Specification No.: JAN-A-175

The specification covers grade I and grade 11, which differ slightly ir, pur-
ity: Grade I has three classes differing in granulation.

Molecular Weight: 80.05
Crystalline Form: Five forms as follows:

Designation System Range C
I (,) regular (cubic) (isometric) 125.2 to 169.6

11 (8) rhombohedral or tetragonal 84.2 to 125.2
I1l (0) orthorhombic 32.1 to 84.2
IV (p) orthorhombic -16 to 32.1
V (a) tetragonal -18 to -16

Color: colorles
Density, g./ml.: (solid) 1.725 at 250C 1,43

r 1.594 at 130±-- 50C
S 1.666 at 93:± 50 C
y 1.661at 4G-±-- V) C
p 1.725 at + 25-C
a 1,710 at-25:-+- 50C

Coefficient of Thermal Exr-. sion:
Coeff. X 106 677 852 920 982 J069 1113 44
-Te-m. -C -60 -20 0 20 60 100

Heat of Formation, Kcal./mole at 298OK: (c) -87.27 9
--8j.l93 1A

Free Eneigy of Forrnation, Kcal./mole at 2980K: (c) --43.82 Addnl. Ref. 11
Entropy, cal./deg./mole at 250C: 36.0 Addnl. Pef. 11

See Table a
Melting Point: 442.8"K. (169.7°C) 9
Haat of Fusion, Kcal./fnole: 1.3

1.53 Addnl. Ret. 9
Boiling roint: decomposes a.i 4183"K

(2 lO(He
Heat of Sublirea n. -

18
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Ammonium Nitrate, NlL4NOS (pIage 2)

a. IkEAT CONTENT AND ENlzorY Ov NHnOi(c, o) 4
(Base, &-cr3stals at 298.150 K)

F, K dI T- H=--4 15 r, .r-- S2&s file, 0K 1k.- i2B , z r STo.n
cal./mole cal./deg, A..l.imole cal./deg.

mole ..... . .. mole

305.3 (W)... 240 0.80 393.4 (8) ... 4830 13.66
305.3 (p1) . 620 2.04 400....... 4900 13.83
325 ....... 1180 3.82 425 ....... 6040 16.60
350 ....... 1890 5.92 442.8 (,).) . 6860 18.94
357.4 (p) . . 2100 6.52 442.8 (1) . 8160 21.42
357.4 ( . ... 2420 7.41 450 ...... ..... 440 22.05
375 ...... .... 3020 9.05 500 .......... 10,360 W•.09
398.4 (7)... 3820 11.12 550 . . . . . 12,29C 29,77

NH4 NOs (a):
Enthalpy -Ih- H29.,5 = 33.30T - 10,018 (0.1 percent; 2980 - 305.30K)
Heat Capacity: C, ý 33.60; A H&., (trLnsition) =- 380

NHNO 8(p):
Enthalpy: HT- H9.a5 = 28.40 - 8051 (0.1 percent; 305.30 -357.41K)
Heat Capacity: C, • 28.40 ; A, H&7.4 (transition) 320

.4NO (trasto) =: 2
NH#NOj(y):

Enthalpy: IT-H Žs.s =- 3 4 .10T - 9 767 (0.1 percent; 357.40 - 398.AO°')
Heat Capacity: C, == 34.10 ; 4 H80 s.4 (transition) = 1010

NHNO,,(8):
Enthalpy: UT -- H•s.-15 = 45.60T - 13,337 (0.1 percent; 398.40 - 442.80K)
Heat Capacity: Cp-• 45.60

NH.NO3 (!)
Enthalpy: H, - H2.- = 38.50T - W887 ýG.1 percent; 442.80 - 5500 K)
&feat Capacity: C. == 38.50
Decomposition Temperature, OC: 210 1, 13
Decomposition ProdLcts: These vary with thc conditions of decomposition or 43

explosion. Many different equations for tile decomposition reactions are
given in the literature. Practically all involve oxides of nitrogen.
For DTA see Refs. 33, 47, and Addnl. Ref. 10

Dissociation Pressure:
Press. omn. Hg. 3.25 7.46 11.55 15.80 27.0 41.0 M.P. Addnl. Ref. J I

Temp. OC 188 205 216 223 189.6

See also x i. Ref. 3

19
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Ammealumn ae NH 4NO, (pngc 3)

b. X-RAY CRYSTALLOGRAPHIC DATA
Damqigaation Syhtem Rwe (Z b C Moleculee/

Group Unit Ce".'
S•rI cubic 4.A0 1

a or II totragonal 515 5.00 2
y oT fix orthorhombic V, 7.06 7.66 5.80 4

o or IV orthorb,'mbic V~s 5.75 5.45 4.96 2
a or V rhombic VLs 4,928 5.434 5.732 2 1

Hygrocaopicity: Gain in weight at R.T. for reagent grade, after 24 k-s. exposure
and to equilibrium in a static desiccator.

1_31 43 __ 52 65
24 hr Equil. 24 hrs. Equil, 24 hrs. Equil. 24 hra. Equil. 32

Gain m.1/g. 0o13 0.b 0.5 0.5 0.7 1.0 131.6 -

Absorbed at 250C by 2.0000 (C.P. m-,erial), 4048 mesh:
lira. 3 51/4 78/4 16-Y Addul. Ref. 7

g. HO absorbed 0.1284 0.2087 0.2913 0.6387
Solubility Data:

SoMubility, g./100 g. solvent (%): 13
Water Alcohol Nitric Acid Pyridine Acetic Acid

0 C % °C % °C % %HNOs °C % oC %

0 118 0 45.1 30.0 25 Approx. 16.6 0.0
20 IMZ 20 2.5 15 73.0 21.7 20-25 27.0 0.39
40 297 40 5 30 106 20.8 80.9 5.8
60 421 60 7.5 75 201 31.6 101.0 20.7
83 -80 78 10.U 120.0 125

100 871

Solubility, g./100 solvent:
!n ethyl alcohol at 200C: 3.8
In methyl eOcohol at 20OC: 17.1 29
!i jacetune e•nd NI• : slightly soluble

Health Hazard: Average or large doses may cause nausea and vomiting. Mod. 29, 93
z-ately toxic cn ingestion or inhalation.

Safety Classificatios:s
OC'M: Class 12. "When stored in an area where explosives may be projected
into the nitrates, the regulations for Class 9 are applicable. VThen stored
in an -rea with fire hazards only and separated by inhabited building dis-
tances from areas containing ammunition, anmmonium nitrate may be
stored in accordance with Lhe regulations governing the storage of Class
2 solid propellants."
ICO: 0-tidizing material; yellow label.

20
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Ammoniumn Nitrate, 1NH4NO (page 4)

Fire and Explosion Hazard: Mary disastfrus explosions have been attributed 12, 30, 14
o amnnonium nitrate. Although it is relatively insensitive as a high expi

sive by itself, if allowed to burn unconfineid, its tendency to explode in- I
creases with pressure and the pres&.n-e of oxidizable materials. Contam- i
iuation with chlorideq, nitrobodiez, s'.!fur, charcoal, metiic nitr.tes,
metid powders, ratroleum derivatives and oxidizable carbor.aceous mate-
rials sensitizes ammonium nitrate, accelerates its e, oinposition ard in-
creaswa the violence of the reaction Zinc or lead z.ontaniibtion lowers the
decomposition temlnarature to below 1000C. Galvani. d metals and lead
solder shou'd, therefore, not be used in the vicinity of ammonium nitrate.
Fires involving amnorium nitrate should be vented to the greatest possible
extent because air acta as a diluent for the hazardous gases, minimizing
the probability of explosion. Fires should be fought with large quantities
of water but never with steam.
S. Olco Addnl. Ref. 12

Electrostatic Sensitivity:
Heat of Combustion. Kcal.! nole. Q. = 50.3 Addnl. Ref. 8

Q1 = 49.4

Heat of Explosion, cal./g.: 346 13
gas volume, cc.ig. 980

Heat and Stability Tests:
in 48 hours: 0,0 13

1000C Heat Test:
% lose Pirst 48 hrs.: 0.74 13
% loas second 48 hrs.: 0.13
explosion in 100 hrs.: none

Vacuum Stability Tests, gas, evolved in 40 hrs.
at 1000, 1200, and 150OC: 0.8 cc. 13

Explosion Temperature Test, 5 see. point, 0C: ignitas at 465 13
Rifle Bullet Impact Test (at density of 1.2 w./ri.): unaffected in 100 trials i3

Sensitivity to Initiation, g. tetryl needed to initiate: r.25 13
Trauzl Test, % TNT: 56 1i
Friction Sensitivity: unaffected by steel shoe 13
Impact Sensitivity: Effect of ter.xperature on ground, C.P. Ammonium Nitrate. 13

Temp. CC P.A. Impact Test with
2 kg. weight, in. (10% point)

25 81
75 28

100 27
150 21
175 12
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Speeffic ES&±: at C -M5 -100 -W0 0 5i0 100 n3
_ aL/_ ._oC 0.139 0.M 0.364 O i97 0.414 0.428

Compatibility with Metai: la %* gnew of moisture, ammonium .r~me
resets with copper, L-on, sbae ba, kq =d• 4md miull. See AddnL Ref, i

Us" in Pyrotechnw : as an oxidizing agent

Additional References:
1) "Military Expv'okiver," 'I'M-9-TOllA-1-4, Departments of the Amrnn

and the Air Force (1955)
2) "Investigation of Sensitivity of Fertiizer Grade Anmmonium Nitra. Ato

Explosion," P. Macy et a!l, PATR-1658, Picathiny Arsenal, Dover, NJ.
(1947)

3) "The Dissociation Pressure and Free Energy of Formation of Am-
monium Nitrate," A. D. Little, Inc., J. Am. Chem. Soc. 76, (1954)

4) "Lin the Thermogravimetry of Analytical Precipitates," C. Duval and
N. Xuong, Anal. Chem. Acta e,246 (-952)

5) DTA and TGA, Ref 38
6) Ref. 54V2, general reference
7) "Hygroscopic Properties of Sodium, Potassium and Ammonium Ni-

trates, Potassium Chlorate and Mercury Fuhnlmnate," G. B. Tajlor and
W. C. Cope, Met. and Chem. Eng. 15, 141 (1916)

8) L. MULard and M. Tho'ws, Mfm. poudrea, 35, 155, 166 and 172 (195k)
91 "The Cryocopic Heat of Fusier on Ammonium Nitrate," A. C. Keenan,

J. Phys. Chen. 60,1356 (1952)
10) "Differeatial Thermal Analysis of the Thermal Decomposition , Am-

monium, Nitrate," A. G. Keenan, J. Am. Chem. Sc. 77, 1379 (19,)
11) "The DiasociaLon Presure P-id Frew Energy of Formation of Am-

minium Nitrate," G. Feick, J. Am. Chem. Soc. 76, 5858 (1954)
112) "Investigations on the Explosibility of Ammonium Nitrate," J. J. Burns

et al.,P .ur. of Wines, RI 4P94 (195M)
13) "The Thermal Decomposition of Ammrnium Nitrate. Steady State

Reaction Temperatures and Reaction Rate," G. Feici and R.M. Hainer,
J. Am. Chem. Soc. 7d, 5860 (1954)
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!I
AMMONIUM PCHLORAT, NBH.,CO, Refs.

Percent Ox'gen: 54.47
Specification No.: JAN A 192

The 3aPcifl'ation covers Lwo grades which sifter in purity and two classms
which differ in granulation: grade I is used in tracers; grade 2 is used hi
iHC Smoke Mix!,;es.

SMolecular Weight: 117.50 1
Cry'stalhine Form: rhombic 1
Color: colorless 1
Density, q.t.n!L: (solid) 195 I
Cosfficient of Thermdal Expansion •ecubical): = (l/v) dV/dt Addnl. Ref. 4
Temp. °F' . 25 0 26 bO0 75 1(•0 125 180 '175

R X 160 1.6f0 1.613 2.538 1.463 1,389 1o316 1.2,•4 1.1M 2 1.101
Het of --rm0ti 'n, Keal./mole at 2980K: -•9.42'
Free Energy of Foioliot, c-l/g. at 29801.:

ocal/rnole: -78.14B-ntropy:

Melting Point: decamrnases above
4230K (1506C) 2G V•i

Heat of Fusion : decmposes before fusion
Boiling Point: decomposes
Transition Point: k horabic to cubic

513-K (240-1b) 9
Rel 72 cities 1 3 at 2910C and p tf a, 360)C.
See also Ref. 47) He•:t 5f SublimatV&o: --

° cat Cor,,ont or Entb.*#py:
Heat Capacity: -- "I

'Decompfisition Tamperature and Products: Yiecompwný at a maintained tern- 14
pei ature at 1500C. Oecomposit~on plroducts ars ý.!OC and C102.

Delmposition begins at 7,400C, becoming exp!la3%e at 3W800C, The decomposi- 35.
tion varies with the tWaperature. Bielow S000C, decomposition is mainly Addnl. Refe,amcording to the equation: 5, 6, 7

4NH4 CIO,-4,2C1I 4- 30, + 8HO +- 2N,0
Above 3500° the proportion of nitric o:ide increapses wd bexe sppreci- citod by
able. Above 1500 the following equation represents decomposat'On R&f. 72
10NTHCIO4-*2 2 931, + 2N2O + 2. NOCI + HCIO 4 -- I Y2 HC)

j- U.14%,H + 13/4K + 6%0,
The activaticn ezergy for decomposition varies with temperature. The
following are several values for activation energy: 29.6 Kcal./maie below
24CIC and 18.9 K',al./mole above 2400C. Bet~we 4000 and 440C the value 47

Q78A KWa./mole.
For DTA see Ref. 47

29
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Amauotuu Penehiorme, NH4CIOa (page 2)

Vapor Presure:
• Pay Crystallographic Data:

By#Stm Space Group a b C Molec'zes/Unit Cell
rhombVc 9.202 5.816 7.447 4 1

9.13 5.17 7,41 4 Addnl. Ref. 8
9.231 5.813 7.4E3 4 97V7

Hygrroewpicity: Gain, in mg./g. of a purified sample at equilibrium at 701F,
after equilibrium had been established in a vacuum desiccator:

R.H.% C 75 88 93 32
Gain mg./g. 0.5 0.6 0.4 0.8

Critical R.H.: 87.0% at 250 C
Sohfbflity: In water, g./100 cc. of saturated zo!ution: 13

Temp. OC 0 25 60 100
Sol. 12 20 39 88

Solubility in Nonaqueous Solvents a 25CC: C,5, 77

So~vevat go/00 g. $olk mt
acetone 2.26
ethyl acetate 0.032
ethyl alcohol 1.908
ethyl ether insol.
methyl alcohol 6.85

Health Hazard: Moderate. Irritating to skin and mucous membranes 12,65
Evolves highly toxic fumes when heated to decomposition.
Moderately t,)xic on ingestion or inhalation.
Weak muscular poiion; may cause convulsions. F armful to thyroid. 93, 72

Safety Cassifications:
OSM: Cl&.a 1. Cla•s II when not ps-ked in original containers or equiv-

ICC: Oxidizing material; yellow label Listed under 'Explosives and
Other Dangerous Articles."

Fire and Explosion Hazard: A powerful oxifiizer, explodes violently when heated 12, 14
with sulphur, organic r=tfer, oa finely divided metali, particularly mag-
nesium and aluminum. E1xploded by shock. Firm involving ammonium
perchlorste Alnne may be fou~ht wih water.

Electrostatic Sensitivity:
Specific Volume: V -==a +- bt + et Addnl. Ref. 4

where a 0.5014 cin.2/g.
b 0.819 < 10-1 cmn./1g./1 F
c- 0.70.4 X 10- cm.8/g,/(oF)

24
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Ammonium Perchlorate, Nf14C10 4 (page 3)

Explosive Data: 65,72
Sensitivity: Requires the equivalent of 10 mg. of mercury fulminate or
an XC-32. Very insensitive as an explosive but more sensitive than Na, K,
and Mg perchlorates. Drop test--min.: 86 in. for an 11-1b. wt. Insensitive
to severe friction, Heating small quantities does not result in an explosion.
The temperature developed on explosion is 13080C and the heat liberated,
344.5 cal./g.

- Brisance: Trauzl lead block test, expansion in cc.: 140.2, equivalent to
one-quarter that of 40% N.G. dy-iamite.
Velocity of Detonation, in 60 amn. diameter iron tube and detonated with
five No. 8 caps: 3800 m./sec.

100C Heat Tesr Vacuum Sbity Test 13
loss first 48 hrs.% 0.02 cc. of gas evolved from 5 g. in 40 hre. at
loss second 48 hrs.% 0.00 1000C 0.18explosion in 100 hrs. none 1200C 0.20

":50oC 0M2
200-Gram Bomb S&nd Test, g. sand crushed: 6.0 1i
Sensitivity to Initiation: requires 0.25 grams of

tetryi 1
Explosion Temp. in 5 sec., OC: 486 18
Temperature of Explosion, OC: (est.) 1084 72
Impact Sensitivity, 2-kg. weight: 18

Bureau of Mines app., cm. (10% point): 67
Picatinny Arsenal app., ii. (10% point): 24
Sample weight, mg.: 24

Sensitivity to Friction: Bureau of Mines app., steel shoe; 100 trials-no explo-
sion or ignition, one snap. 72

Ose in Pyrotechnics: as an oxidizing agent

Additional References:
1) "The Use of Differential Thermal Analysis for Investigating the Effects

of High Energy Radiation on Crystalline Ammonium Perchlorate," E.
Freeman and D. Anderson, J. Phys. Chem. 63, 1844 (1959)

2) "Apparatus for Observing Physical Changes at Elevated Tempera-
tures," V. Hogan and S. Gordon, Anal. Chem. 32, 573 (1960)

3) "The Thermal Decomposition of Ammonium Perchlorate," L. Bircum-
shaw and B. Newman, Proc. Roy. Soc. A227, 115 (1954) ; also A227,228

(1955)
4) eptort Q PR No. 492, Aerojet General Corporation, Sacramento, Calif.
5) L. L. Bircumshaw and T. R. Phillips, J. Chem. Soc. 1957, 4741 (1967)
6) "rhe (;yx Structure of Ammonium Perchlorate-NH.ClO," K. Ven-

KaOtan, Proc. Indian Acad. Sci. 46A, 134 (1957)

25I
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ANTHRA(MNE, C41 (CHI,)CH Refs.
(Greta oil, P-Naphthalene)

Strutural Formula: 1, 12

Specification No. JAN-A-202
Trh, opecificaticr covers a technical grade in two classes, a and b, which

differ in gzanulation.
Mole c -r Weighet: 178.22
Cryskt&Wie Form: monoclinic I
Color: colorless with violet 29

fluorebcence
Density, S./ml.: (solid) 1.25 1
Cofficient of Thermal Expazeion, cubical,

over the range 20-180oC: Addnl. Ref. 4

where a-=213 X 10"8ande = 3.10 X 10-7
Heat of Formation, 9cal./mole at 250C at constant Addnl. Refs.

pr'esure: 25.53 1,2
Free Energy of Formation:
Entropy, cal./deg./mole at 298.10K: 49.6
melting Point: 490oK (2170C) 1
Heat of Fusion, cal. (150/g.) at 216.55°C: 38.7 1
Boiling Point: 6270K (354-50C) 1

339.90C 31A
Heat of Vaporization, Kcal./mole: 13.10 57V13
Transition Point:
Heat of SublimatiOn :
Heat Conteni or Enthalpy:
Heat Capacity.
Specfic Heat:
Tuep. -K 94.4 124.8 193.2 254.4 297.2 20-100 20-210 liquid 57V13
caL/g. 0.95 0.117 0.177 0.291 0.278 0.312 0.3688 0.509
Decampoaition Temperature :---
Decomposition Products:
Vapor Prewsure:

Press. nAm. 1 10 40 100 400 760 M.P.
Tump. 0C 145.0 187.2 217.6 250.0 310.2 342 217.5 1

26
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Anthroeme, C^(CIs) C-J14 (page 2)

X-Ray Crystallographic Data:

System space Group a b . AxW Aug Usk Cda
nmonoclinic CL &58 MLS 11.1) Pz=.1w 2 57,85

8.41 &ONM ILIS p=IM04Vd 2
Hygroscopicity: very liht
Solubility Data, g.1100 nl. In water: insoluble

In alcohol at 160OC: 0.076
at 78OC: 0.88

In ether: 1.189
In CHCl,: 1.767
in CS2: 1.500
In benzene at 80CC: 7.5

Health Hazard: Purified white material is considered non-toxic, However, the 12, 25, 93
impure technical product may lŽ• carcinogenic because of iminpurities pres-
ent. Avoid repeated coitact or inhalation of dusts or vapors. :.s a chronic
local irritant it is considered severely toxic.

Fire and Explosion Haza..d: Burns when heated in air. VW,pors .-nay explode 12, 26, 29, 67
when igDited in air, Gives off acrid fumes,. Reacts with oxidizing materialE.
To fight- fire, use water, foam, C02, dry chemicals, or CCI4.

Safety CMassifications:
02M. not listed
ICC: no, listed

Electrostatic Sensitivity: Anthracene dust clouds can be ignited and expioded Addnl. Ref. 3
by an electric spark.
Anthracene darkens on exposure to light. 29
of Combustion, Kcal./mole at 20CC: 1700.4 1

doii t, OF (closed cup): 250 75
(open cup) :38•

Auteignition Temperature, OF: 881 26,75
Ref. 71 gives 4720C in air

Explosive Limits in Air, % by vol., lower: 6,1,.1 67
Use in Pyrotechnit-: as a fuel

Additional References:
1) J. Am. Chem Soc. r -27 (1946)
2) J. Am. Chem. Soc. 74, 1 (1952)
3) A. Van Dussen, Rec. tr- ehim. 54, 873 (1935)
4) W. Klein et al., Zeit. anorg. Chem. 176, 1.0 (1928)
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ANTIMONY SU DE (W), SbS' Reft.
(Antimony Trminfide, Antimony Black, Blaek Antimony,

tb , Antm te, Needle Antimony, Sulfnr Gold,

Sufurmt of Antimony, Antimony Giane)
Specification No.: MIL-A-159
Molecular Weight: 389.72
Crystalline Form: rhombic
Color: black or red

For color changes see Ref. 54V9
Density, g./mL: (solid) 4.64 1
Coefficient of Thermal Expansion:
Heat of Formation, Kcal./mole at 250C: (c) black, -48.5 1

(amor.) orange, -86.0 1
Free Energy of Formation, Kcal./mole at 8000K

(270C): -4.0 40V2
Entropy, caL/deg./mole at 298.16*K: (c) 89.6 3

(c) 0. v± 4.0 24
Melting Point: 8230K (550°C) 1

Sinters in air at 4400C, melts at 5100 C 54V9
Heat of Fusion, 150 cal/g. at 540OC: 17.6 1
Boiling Point: Volatizes above its melting temperature and can be distilled with- 20V8

out decomposition 64V9
Heat of Vaporisation:
Transition Point: See Ref. 54V9
Reat of Transition, Kcal./mole: violet to black, 4.3 54V9

orange-red to black, 5.6
Heat of Sublimation, Kcal./mole at M.P.: 51.2 24, 40V2
Sublimation Temperature, OC: 880 54V9
Heat Content or Enthalpy:
Heat Capacity, cal./dWg./mole at 298-821'K: C. = 24.2 + 13.2T 24
Decompowition Temperature: When heated in air, abowe 1760c, it is slowly con- •15

verted to the oxide. --

Decomposition Products: lo ves S; takes up 0
Vapor Pressure:

Press. mm. about 0.088 1.17 13.45 !44 44V18B
Tenp.0C 400 500 650 ý650

X-Ray Zrystailofraphic Data:
S.t'a4*m Space Group a b c Mievule.s/L'unit Cell
rhombic V4' 11.39 11.48 3.8S 4 1

orthorhombic VjR 1.28 Li.31 3.84 4 97V5
Hygreacopirity: not P ygr, acopic 20

23
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Antimony bjfide "tri),Sb2Ss (page 2)

Solubility Data:
In water at 180C: 0.175 X .0I- g./ml.
In hot water: decomposes
In alk., NH , HS, K2S, HCl: soluble
In acetic acid: insoluble

Z Health Hazard: Irritates the skin and mucous nrembranes. MWv cause gastroin- 12,21
testinal upsets. A poison with symptoms similar to arsenic. A cardiac and
nervous depressant. Antimony poisoning is detectable in the Wlood ani by
liver functioning.
M.A.C.: 0.5 14, 1'V7

SaIety Classificationi:
OSM: Inert and presents no particular fire or toxic hazard as used in

Ordnance establishmets,.
See also Addnl. Refs. 1 and 2

Fire and Explosion Hazard: Dangerrus; whe- h'eated to decomposition or on 12
contact with acid or acid fumes, it emits highly toxic fumes of oxides of S
and Sb. It reacts with steam or water and produces toxic and inflammable
vapors. Reacts vigorously with oxidizing materials such as chorates or
perchlorates.

Electrostatic SEnsitivity:
Use in Pyrotechnics: Antimony sulfide is used as a fuel. It impartL a pale green 20

color to burning compositions.

Additional References:
1) C.A.4, 1711 (1948)
2) C.A.45,9748 (1951)

2
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ASPIALTUM Refs.
(Gilonite, Asphoth Ak.phaltit, Earth. Pitch, .17V2

Uhntat or Ultihite, ne Rubber Addnl Ret , I
Specificatioui No.: JAc 1A-,.A.856Smoi~lem WO~ht: w&•: .u~le w-ined material,

! ab~out• ý2 AddnI. ReL I
SCrystafe Form: amuorphf-vn

Color: bf-wn to black, leg.ves

(Solid) .06-1.1O Addnl. aef. I
Coaflrient o~f Thermal Ex~wuion, cnbiml: 5-4 X 10-4

H1et of Formation:
Free EneW of Formation: ....

Etropy .
,%ftening Point, s•cificationrmin.: 3980K (1251,C)
Heat of Fusicn:
B•oliig Point: < 7430K (47U(....12
Transition Point
Heat of Sublimation:....
Rest Content or Enthalpy.
Heat Calwmity:
Daompositien Temaperature and Prmiucts: May be distilled to abomt 5500F. Addnl. Ref. 1

Above ts tmperature an exotlermic r-action taken place with the rapid
evolution of gaseous prodits. Between 4750 and 650 0 F an oily Ai~tillateis obtained.

Vapor Pressitre.-
X-Ray Crystallographic Data .,
Hygr opicity: nonhygroseopic
Solubility Data Irsouble in water, akoho!, acids, and alklies. &ouble in 29

petrole-,m, ether, and acetone. The spe:.Jilcation r~quires the following:
CCl1--. -% min., petroleum ettŽter-430% min,, "d C8--99% rmin.

Health Hazard: Fumf• or dumt may irritate the •yu a•d respira" !ry tract. 29, 93
Koderately toxic; serte or chronic ii'itant

&fety Ciwaifcations:

ICC: not listed
_Fire and Expimaion Hazard alight 75
Flash Point (c'ioed cnp) Of' 4(0-

(open cup}) F:
Autoignitioe Temperature: 90

To Aght firg ht p f( Rn-, COj, dry chemical or CCIL
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Asphaltum (pup 2)

Electrostatic Sensitivity:
Asphaltum is fornmd from p• zsbom a. thr- renk atbfoat mad pramr AddAL Rd. I

working over geoligic time. The type of saabt caled for in the specifcatlas
is known as gilsonite or uainte and is foeun mainly in Utah and Colorao.
Chemically, gilsonite consists mainly of uatnrated hydrocarbons mubWanfally
free from oxygenated bodies with little or no crystallizable paraffin. Gi~nicte
is marketed in two grades known as "selects" or "firsts" and "seconds." The
"firsts" are from the center of the vein and have a lustrous conchoidal fracture.
The "seconds" are froa near the walls of the vein and show a semiconchoidal
and semilustrous fracture. They are differentiated on the basis of softening
point and behavior in petroleum solvents. Although gilsonite is a mined product
it shows fairly uniform characteristics 'as follows,

Fracture: conchoidal
Luster: bright to tairly bright
IHrdness on Moh's scale: 2
Fusing point, Kramer and Sarnow

Method, OF 280-350
Ball and Ring Method, OF: 270-400

Volatile in 5 hrs. at 250 F,: not less than 2
4000F, %: not less than 4
5000F, %: not less than 5

Fixed Carbon, : 10-20
Solubility in CS•,,: greater than 98
Non-mineral matter, insoluble %: 0-1
Mineral matter, % trace to 1
Carbenes, % 1-6.5
Soluble in 880 petroleum naphtha, *: 10-60
Hydrogen, &: 8.5-10
Sulfur, %: 0.3-0.5
Solid paraffines, %: 0-trace
Sulfonation residue, % : 85-95
Saponifiable matter, %: trace
Minimum Energy Required for Ignition of Dust 26VI
Cloud by Electric Sparks, millijoule3: 25

Ignition Temperattre of Dust Cloud, OC: 560 26V1
Minimum, Explosive Concentration of Dust: 20 mg./. 20 26VI
Use in Pyrotechnics: Asphaltum is used as a fuel and binder. It may act as a

desensitizer and waterproofing agent.

Additional References:
1) "Asphalts and Allied Subs.ances," H. Abraham, D. Van Nostrand Co.,

Inc., New York (1960'
21 "•he Science of Petroieum." Vol. 4, A. E. Dunstan et &l., eds., Oxiord

University Press, New York (1938)
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AURAMITNE HYhR0CELORJDF 4*
(4,4 -Dibmetbylh Inobeuzenoimide Hydrochloride,

4ý,4'bis .1)frmthylarnlne) Uenzhydbylidenetimine Hydrochloride,
~idofe-'amethyIdiamidodij]6hymethane Hydrochlo~de, 83 (No.425),

Auaraimnin 0, Q1. 4COW, UI. Basic Yellow 2) 82, 48A

Structvvnra ~ormuliz: L (CHO)1 NC.H 4Lb %C:NH,Cl or CITTInNsC1 or
(Hoc) N>!Z N (CHa) 2or (H&C) 2N N- ($= (CI.) 2

Specification N'o.. M1,.A-3664 (19r~)
Moll~ular 'Weight: 303.84

Color: yellow 88V14
Apparet Density, F./mI.: 0.35-± 0.1 Spee.
Coefficient of Thermal Exp iiaion.
]Rlest of Fvrmatinn:
Free Energy of Formation: -

Entropy:
Melting Point: 5640-K (--670C) 88V14

Heto Fso:538-K (265-C) Ade ni. Ref. I

Bofihug Poin~t:
Transitioa Point:
Heat cf SuO'matior:
Heat Content. or Enthalpy:
Heut X..pacity:
Tecompositiou Temperatture:--

Decornpoait'on Prod-tct:-: ThPe aqueous solution deconlpoesw at about 700C to 52
NH.ýuI an,! tel.rame~hyldisminohenzophenoae (Michler's Ketone).
T'-e same reaction takes p)&:, ini cold dilute acid. Add~nl. Ref. 2
Increase in temperaturf,, nxid x~eity increases the rate of hydrolysis.

V- por Pressure:
k-Ray Crystallographic Data:
Hy{growsopicity:
S& lubility:

In water and akcohol: sliclly icoluble QV 14 11
lIn chloroform: readily wol;ble
In ether or pyiidirne: almost inwsuluhe
Hydiolize,-. by hot water ~tbe Tecomixt oiw' Productvx)
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Aunamlas Hydrochloride (page 2)

Health Hazard: CareiuoSenie o. chronic exposure, moderately toxic, The spec. 92,93
requires that each coitainer be labeled. "CAUTION: AVOID SKIN CON-
TACT. USE WITH ADEQUATE VENTILATION."

Safety Classifications:
OSM: not listed
ICC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnics: To produce yellow colored tnke.

Additional References:
1) J. Chem. Soc. 461 (1940) (also gives .bh•orption spectra)
2) J. Am. Chem. Soc. 46, 2W43 (1924); C.A. 18, 38'72 (1924)

- 8
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We: JAW4IP

Cr stallin Yana: (with e,) rhombic I
( a) xonal

0olGr: white
DI)aity, g./mL: (Polid) 4.4% IA

(witherite) 4-29 SIA
Coefficient of Thexmal Expansion, abicas: 2TV18 X IV, 31

(valuý used coamemrcii.ly)
Rod of Formation, KWC/./mole at 298 0K kc)- 291.4 1.0
Free Energy of For7,," n, Kca!./.ole, at 296K: (cý-272,2 1,9
Entropy, eal.ideg./mole, at 298 0K. (c') 26.8 3, 7, t

3ee table below
Melting Point, at 90 atm" 2018-K (174G-C)fv7W at 1M¢10C with ioss bZVl

oZCO'
Hest of Fusion:
Boiling P~oint: .-ecompke at 172311K 22

(1453 0 0) with luss of
CO,

Reat of 'apori on:____ __n:

Transition Point: .10790K (80OC) 4

Heat kf Tranzitior, cal./mcie. p4490 p 780 'A

HeMt of Subbaimtaion:
HEAT CONTENT AND ENITOPY OF BaCU*(c) 4

(Base, acxyev1 at 298.160K)
T, K ~r- 120. o 8 -S". i T - R---.-.- -% -

cal./mole cal./deg cal./mole ca!'./deg:
mook nmole

400 ..... 2U 6.61 1100 ......... 060 39.17
500 .... 4730 12.03 1200 ...... .0.760 42.89
600 ..... 30 16.76 1241 (') . .12,270 48.62
700 10,080 21.00 1241 (Y) ... 83,000 44.24
800 ...... 12,980 24,97 1300 ..... 38,240 16.9$
900 ..... 16,0w 28.45 1." .... 89,040 48.7•
""0 19,190 31.7 150........ 42,840 51.41

1079 (e) .... 21,790 84.29 1600 ........ 46,40 3I0Yj (p) . . o ?,6:,80 3S.45 IIW
84
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Barium ('.,rbonaw , BaCO, (page .2)

BaCOa(a).
SEnt]ý ltP: H IT- H 298. 1. 21.50T ý- 5.53 X 10-T1 + 3.9: X 1OIT'1 - 8213

"(0.9 percený; 2980 - 1079-K)
limat Capacity : C-, =21.50 -+ 11.06 X 10 3T- S.91 X 10T-2

"itay:H-,7,TBaCOs(G3):
SEnthalpy: Hs, - R)s.• ----.37.90T - 1S.644 (0.1 pet cent; 10790 - 12410K)
Heat Capac -0y: . ---- 37.0(0•: Bar'O" (Y):
lRnthalpy: HT- H256. 38,OOT - 14,160 (0.1 percent; 1241 - 1.600 0K)
Heat Capacity: C, = 38.00

Decomposition, Products,
For pyromysie Aee Ref. 45 and Addnl. Ref. I

Decomposition Prod-%ta: BaO + C02
IDissm~iatioli 1iresstire:-

Press. mm. 0 5 45 120 240 340 460 675 760 54V3
Temp. OC 397 1017 10--T 1971097 1137 H57 1177 1197 1200
For Disaociatin Preasure zee also Addnl. Ref. 3
Calculated Dissociatien Pressures to BO + CO2 awove 1079 0 K are given by Addnl. Ref. 3
log P.. = 13,075 + 7.668

Vapor Pressure of CO2 at 1100(C: 20 umn. 52V1
At 16000C the luss ,)f CO.- is complete
See also Addnl. Rd-f. 2

X-Ray Crystallographic Data:
System, Space Group a b c Molecules/lUni Cell
rhambic Vj- 5.29 8.88 C.41 4

Hygrocopicity:
Solubility Data : In 100 ml. water: a 0.002 g. at 200C

0,00) g. at 100'C
= 0.0022 g. at 180C

0.0065 g. at 1000C
In rxidh, N1HC0: sohrble
In ai•ohol: Lsoiuble

Health Hazard: Poisonois. Irritates m~ucous membranes. It produces dermatitis 12, 29
and cAauses hernorrhAk ,s in the gastrointestinal tract and kidneys.
M.A.C., rag.im.3: 0 5

?8
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Blwim CLn ronate, ""O: (Page 3)

~s -][ not listed:
•C: not listed

Firai d Ea.pioAhin Hazard: none listed
Electttic Sens'tivity •
U66in Pyrotechnimcs: BaCO, is used as a retardant. It imparts some green color 17

to a burning composition.

Additi.oal References:
1) "Differential Thermal Analysis Studies of Ceramic Materials: Char-

acteristic Heat Effects of Some Carbonates," M. Gruver; J. Am. Ceram.
Soc. $3, 96 (1950)

2) G. Tammann and W. Pape, 7eit. anorg. Chem. 127, 50 (1923)
8) -Experimental Heat Contents of SO, BaO, CaO, BaCOs and SrCO8 at

High Temperatures. Dissociation Pressures of BaCOa and SrCO," J.. J.
Lander, J. Am. Chem. Soc. 73,5794 (1951)

86
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BARIUM CHLORATE, Ba(aO)j Refs.
Percent Oxygen: 31.55
Specification No.: not listed
Molecular Weight: 3G4.27
Crystalline Form: --

Coior: colorless
Density, g./ml.: (solid) 3.856 at 240C 12
Coefficient of Thermal Expansion: --

Heat of Formation, Kcal./mole at 298OK: (c) -181.7 1A, 9
Free Energy of Formation, Kcal./mole at 298OK: (c)-133.1 44830
Entropy, cal./deg./mole at 298OK: 53.7 44C10
Melting Point: 414 1A
Heat of Fusion:
Boiling Point:
Transition Point:
Heat of Sublimation: ---
Heat Content or .nthalpy:

Heat Capacity of B- (C00) 2 • H20, cal./deg./mole:
C, = 50.6 (289-329-K) 4

Decomposition Temperature: Decomposition starts at about 8000°2. 54V2
For DTA see Ref. 33

Decomposition Products: Ba (C104) 2 + 202 54V2
Vapor Pressure •
X-Ray Crystallographic Data for Ba (Cl00) 2 -H,O:

HMolec esl
System Space Group a b c Axial Angle Unit Cell

monoclinic C~b 8.86 7.80 9.35 p = 940 ± :t o 4 Addnl. Ref.'
See also Addnl. Ref 1

k Hygroscopicity:
Solubility Data:

In water (go/100 g. solvent) : 20.35 at 0°C 31
84.8 at 800C

Health Hazard: Poisonous when taken by mouth Very toxic in ccntact with the 29, 14
skin, when inhaled as a dust, or when ingested.
M.A.C., mg./m.3  0.5 12

Safety Classifications
OSM: Class 1, in original container or equivalent. Class 2, not in original

contairner or equivalent.
ICC: Oxidizing material, yellow label. Listed under Explosives and

Other Dangerous Articles.
M.C.A.: Warning Label required.

87
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Barium hlorate, Be(CIO,,) (page 2)

Fire and Explosion Hazard: Considered more dangerour to dtore than KCIO8 . 14, 12
Should be stored away from flammable materials because of possible fire
and explosion.

Eiec.t~otatic Sensitivity:
Ignition Temperature, ,C: (5 second pint) 506 33
Activation Energy, Kcal./mole: 45.7 33
Use in Pyrotechnics:

To impart a green color to burning compositions, and as an oxidizing agent.

Additional References:
1) "Determination of the Structure )f Metallic Chlorates Ity Infrared

Spectroscopy," T. Dupuis, Compt. rend. 242, 2922 (1956). C. A. 50,
15,236 (1956)

2) "Unit Cell and Space Group of Barium Chlorate Monohydrate," G.
Kartha, Currmnt Scicmce (India) 20, 151 (1951). C. Ao 46, 4312 (1952)
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BARIUM CHLORIDE, BaCl, Rots.
Specification NTo.: not listed
Molecular Weight: 208.27
(•rstalline Formn: monoclinic 1A
Color: colorless 1A
Density, g./mIl.: (solid) 3.856 at 240 C 1A

Density of Molten BZ.CI 2
Temp. OC 964 975 1025 1050 1085 1100 44S30
Density 3.057 3.052 3.015 3.108 3.087 3.076

For the temp. range 9C40-1100°C the density is given by the fornmula
Dt = 3.032 -.0.00070 (t-100W)
Note- See refs. for additional density formulas

Coefficient of Thermal Expansion, cubic,
20-170°C: 60 X 10- 44S80

Heat ca' o rmation, KcaL/mole at 298OK: (c) --205.56 1A, 6
Free Energy of Formation, Kcal./mole at 298"K: (c)-1I3.8 lA, 9
Entropy, cal./deg./mokh - 2980K• 30 IA, 9
Melting Point, I-K" 1235 9
Heat of Fusion, Kcal./rnole at 12350K: 5.4 9, 24A
"Boiling Point, 0C: 1560 IA, 31A
Heat of Va,*o, izz&Ln, 50al./ .lo: V0.0 24A

57 41
Transition Point, monoclinic (a) to cubic A: 1198-R IA, 9, 6

920-9300C 44S30
H ýv of Subliznati(n, Kcal./mole: 57, A 4930
Heat ContenL or *nthalpy:
,- ý?at Capacity, ca./deg./mole: (solid) 18.0 at 250C

CG =: 17.00 + 334 X 10-3T (estd., 298-11980K) 4
SD(,cvv0woition Temperature: None up to 1000"C

(max. experimental temp.) 31
Deconpo,.cior Products:

V Po~ reaszc- B1q~~aC' ,)- ____

Press. n-r. . 0.7 4.4 6.2 8.5 760 44-30
Temp. OK 134,1 ,9 1425.2 1465.9 1486.7 1835

X-Ray Crystallographic Data:
Molecules/

';'tem Space Group a b c Unit Cel
Ra03 or. horhe'mbic V1 9.323 7.823 4.705 4 13, 96, Addui.
B.!'pi H2C r~iiw'bic P, 4.51 9.02 11.28 Ref. 1

39
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Barium Odewlde, Bal, 2 ! (pae 2)

Hygmocopicity: slight 44S30
Solublilty Data:

In HjO, g./100 ml.: 31 at0OC 31A59 at 1000C

In HCI, IIN0: slightly soluble
In alcohol: insoluble

Health Hlard:
Extremely toxic. Fatal dose 0.8 to 0.9 g. 29

Safety Claasiflaationh:
OSM: not listed
ICC: not listed

Fire and Explosiou Hazard: none liked
Elei.trostatic Sensitivity:
Use in Pyrotechnics: BaCi1 results from the burning of some barium compounds

in the presence of chlorine compounds.
Additional References:

1) C.A. 44, 897 (1950)

40

Downloaded from http://www.everyspec.com



BARIUM CHROMATE, BaCrO, Refs.
(Lemon Chrome, Ultramarine Yellow, Baryta Yellowi Gelhin) 1, 11, 25

Percent Oxygen: 25.26
t Specification No.: MIL-B-550

The specification covers two grades; grade A is for use in delay and non-
gaseous powder, grade B for use in pyrotechnic mixtures.

Molecular Weight: 253.37
Crystalline Form: rhombic 1
Colki: yellow 1
Density, g./ml.: 4.498 1
Coefficient of Thermal Expansion (calcalated from lattice constants), linear: 44S30 sup

Temp. Range OC 10-70 70-130 130-190 190-250 10-250
Coeff. X 105 175 1.73 1.57 1.65 1.67

Heat of Formation, Kcal./mole at 298°K: (c)-341.3 1,9
Free Energy of Formation, Kcal./mole at 298WK: -315.95 78
Entropy, cal./deg./mole at 298OK: 34.7 78
Melting Point: decomposes (see below)
Heat of Fusion: *,- decomposes (see below)
Boiling Point: decomposes (see below)
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat )acity:
Decomposition Temperature and Products: When heated, starts to lose weight Addnl. Ref. 1

atabout 60010. On further heating very slowly loses weight even up to10150C, at which point it is a mixture of the yellow zhromate and green

chromite. Even at this temperature the loss is less than 1%.
Vapor Pressure:
X-Ray Crystallographic Data:
Hygroscopicity: Gain in weight (c% ) at 700F of specification grade A material

Exposure Relative Humidity, % 33
hrs. 52 75.8 90

24 0.06 0.05 0 25
48 0.06 0.06 0.27
72 0.08 0.05 0.27

144 0.06 0.09 0.28
168 0.06 "'.09 0.28

Solubility ; .ja 'Z' •• 1 00 g,: 0.00034"" and 0,000442" 1
SIn mineral acids: ooluble

41
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Barium (Cromate, BaCrO4 (page 2)

Health Hazard: Poisonous. Has a corrosive action on the skin and mucous mem- 12, 29
branes. Produces dermatitis.
The specification requires that ail containers be marked with the following
precautionary marking: "AVOID INHALATION 11F DUST. AVOID
PROLONGED OR REPEATED CONTACT WITH SKIN."
M.A.C. (as CrO0) for an 8-hr. day: 0.1 mg./m.3  14

Safety Classification:
OSM: class 2
ICC:
U.N.: poisonous (toxic)

Fire and Explosion Hazard: Emits highly toxic fumes when heated. An oxidant 12
which reacts vigorously with reducing materials.

Electrostatic Sensitivity:
Use in Pyrotechnics: Barium chronate is used as an oxidizing agent, and to 17

impart a green color to a burning composi~ion.
Additional References:

1) S. Peltier and C. Duvai, Anal. Chim. Acts 1, 361 (1947)

42
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BARIUM NITRATE, Ba (NI.), Refs.
(Nitrobarite)

Percent Oxygen: 36.73
Specification No.: MIL-J-162B

The specification covers six classes that differ in purity and granulatiun.
The following four classes are used in pyrotechnics:

Class 1, used in priming compositions (in two granulations);
2, used in photoflash compositions;
5, umed in incendiary mixturc";
6, used in pyrotechnic compositions.

Molecular Weý.gnt: 261.38
Crystalline Form: cubic 1
Color: colorless 1
Density, g./ml.: (solid) 3.24 at 230 C 1
Coefficient of Thermal Expansion,

linear, - 73, to + 15°C: 5 X 10-• 44S30 sup
Heat of Formation, Kcal./mole at 298°K: -237.06 1, 9
Free Vnergy of Formation, Kcal./mole at 298"K: -190.0 9
Entropy, cal./deg./mole at 2980 K: 51.1 9

HEAT CONTENT AND ENTRGPY OF Ba(NO&)2 (c) 4
(Base, crystals at 298.15'K; tool. wt., 261.38)

T' og HT - H29 8. S -'- S2s115 T, OK IiT - 11298,15 ST 82•8.15
cal./mole cal./deg. cal./inole cal.!deg.

mole mole
400 .... 3960 11.39 700 . . . . 13,4OW 3b.14

8410 21.30 800 . . . . 24,070 45.62
13,240 30,10 850 . . . . 27,020 49.20

Ba(NO.) 2 (c)
Enthalpy: HIT -Hs.1- -30.05T + 17.85 X, 10-1T2 + 4.01 X 105T-1 - 11,891

(0.2 percent; 2980 - 850 0 K)
Heat Capacity: C, - 30.05 d- 35.70 X 10-8T- 4.01 X 105T-2

Melting Point: 8680K 7,9
Heat of Fusion, Kcai./rnolc. 6 9
Boiling Poi.n-t: decomposes 1
Transition Point:
Heat of Sublimation:
Heat Capacity, cal./deg./mole at 2M',8K: (solid) 36.1

See equation under tab!6- above
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Oecorfpo.4iti(o Temperaturc: 5"5-r600 C Adda!. Ref. 1
F "or D T)'F , se R± w fq. 33 and ''

FrTAG~ sov 1'k lo .3

-lh.:onpc• ion Pr',,ducts: evolvc.3 N0 2 and 0, 20V'3
Vapor Pre5[7iure:
X..Ray C,-yntallographic Data:

System Space 1;poup a Mo,,ecMes!U nit Cell
cubic r6 8.11 4

Hygroscopicity:
Gain in reg./g. -ft equi hriurn at R.T. purified -0. at 75ti%. and 32

867% R.T.
0.6 at 3% R-1.-.

Solubility Data:
in water (g./100 g.) at OC: 3.7 at 21" ; 34.2 .t 100 1
In acids: slightly soluble
In alcohol, cone. nitric acid: inaoluble

Health Hazard: Moderately poisonous. ir-itates eyes, ears, nose, throat, and 93, 29, 12, 20,
skin: Droddices dermatitis. When heated evolves toxic fumes. Produces gas- 50V7
trointetiiial irritation.
M.A.C. 0.5 114

Safety Classificatuiva:
OSM: Class I when packed or shipped in o;-igina, covitainers or eouivalent.
ICC : Gxidzi4ng material;

y.-J!ow label
Fire and Exrl.qion Hazard. By R the ;c• r haza.rd ia -d*%6 a .3troup: 12

oxidizing agent it reacts vif:,.rously when heated with reducing materials
and may even result in detonation.

Electrostatic Sensitivity:
Use in Pyrotechnics: Barium nitrate is used as an oxidizer, a-d to impart. a 17

green color to burning compositions.
Storage: Keep barium nitrate in a moisture-proof container in a dry place to

prevent caking,

Additional References:
,) C.A. 49, 12932 (1 955)
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BARIUMJ OXALATI.E, M 0,-
Specihcatio 1 No.: JAN-li 660
Molecdaar Weight: 225.3S
(,ry staline F'jrni ....

Cot•or : colorIs s

Density, g. Kl. : (solid) 2.65F,
CIO&Ikient "'f TIhermal Expansion: ..
Ecato.f F ,rnation, F-caL/moir at

IF., C(C) BAaCP29 : -327.6 Addnl. Ref. 1
, `, O C (c ) B aC '20 #-' ,/2 1-)•o - - I3 .
1811C (ppt.) BaC,0O. HG- -4197 S7
25-C.' BaC,0,- 2BO : -470.1
25=C BaC201-.3.5H,0 : -575.739

Free En.,ýx•gy of F;'armat~icn

Entropy:
Melting Poiit:
Heat of Fusion:
Boiling Point: decomposes
Heat of Vaporization:
Transition Point:
Heat of Sublimation:
Heat Content o- Enthalpy:
Heat Capnaciry:
Decompositon Temperature: ,-ses CO above 346 0 C 45

Decompo3itioni Products: CO + BaCO3

Vapor Pressure:
•-.--ay Crystallographic Data:

. -scopicity:
Solubility Data: In water, g./ml. solvent: 0.0093 at 18 0 C

0.0228 at 1000C
in acids, NH.CI: soluble
In alcohol: insolub1e.

Heaith Hazard: Voisonous, Irritates eyes, nose, throat, and skin. Produces 12,29
dermatitis.

Safety Classifications:
OSM: not specifically mentioned
ICC. not sp-cifically mentioned
U.N.: class( (.1 -- poisonous

toxie svbstance
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Barium Oxalate, BUaC 20 4 (page, 2)

F'ir-c and Explosion Hiazard: Daagerou,4 when1 heatrd to cL'conrp'sitiorr emk t8 2
toxic .furlies.

Electrostatic Sensit'v itv:
Use in Pyrc-lechniýs: Aq a retardiat. Inipa~s som~e greeil. celor- to buvriliig 111

A, iitional Refererees:
1) L 4n. Wdrd M- rti~llerie franc, 28, 467 (1954)I
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I(ARICI{ OXIDE, BaO
(harisumn No ,'ride, '11ryta, Barium ProitoMike., C.ahcined Barvia) 1, 11, 12, 2D

Specification No.:
Molecuiar Wc ight.
CXystaPre Form: cobic w- hexagonal 1
Color: ,I,,rle1
Pensity, g./ml.. (solid) 5.72 (hex) 5.32
Coefficient o' Tner.nal Expahiic,-,: 3.0 x 10-7 47
Heat of Formation, Kcal./mole at 298OK: (c) -133.4 1, 9
Free Energy of For,,ation, Kcal./mole at 298 0K. (e)-126.3 1, 9

w ai. HEAT AND FREE ENERGY OF FORMATION OF BaO(c)
(Hol. wi., •.)

T, oK A H (cal./m-le) A FO (cal./mole)
298.16... -133,500 (± 3000) -126,500 (±  3500)
400 .... --133,000 -124,000
500 . . . . --133,000 -121,5G9
600 .... -13s,C00 -119,500
0(48 . . . . -132,500 -118,500
64-9 . . . --133,000 -118,500
700 . . . -132,500 -117,000
g00 . . . . -132,500 -115,000
9v0 .... -132,500 -113,000
977 . . . -132,000 -111,000
977 .... -134,500 -111,0041

1000 . . . . -134,j00 -110,500
1100 . . . . -134,000 -108,000
1200 .... -134,000 -106,000
1300 .... .-133,500 -103,500
1400 . . . . -135,500 -101,500
1-ROO . . . . -133,0UO -99,000
1600 . . . . -153,900 -96,500
1700 . . . . -132,500 -94,500
1800 .... -132,500 -92,000
1900 -132,000 -90,000
1911 .... -132,000 -90,000

1911 . . . . --167,500 -90,000
2000 .... -167,000 -86,000
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Ba,'iu.la Ii; de, Rau (pilge 2)

Phase C,•Igrs 0l Metal
T.11 (,,-+p), 648 IK

A11 --- 140 cal./g.-atom
M.P,, 977,"KK;A 1! 2250 c: l./g.-atoin

B. P., 191 10 K A 11 - - 35,660 ca'./g,-atorn
Free Fn( rgy Equations :

Rcaction Range of Validity, 1'K 2
1) Ba (a) + 2 02 (g) =BaO (c) 298.16 to 648

A ý" ý - 134,590-7.60TlogT .-q .87 (10 3Ty) +. 12 (10)T-) +45.76T

2) Ba (p) 31 207 (g) r BaO(:) 648 to 977
A F - 134,140- .34TlogT-.56 (10 2T 2) + .42 (10-TA) +34.01T

3) Ba (1) + !/2 02 (g) ý- BaO (c) 977 to 1.911
AFOý.- 135,900-2.19TlogT -. 56 (10 ATZ) ±.42 (lOfT 1 ) -f-32.37T

4) Ba (g) + ,V0 (g) =:BaO (c) 1911 to 2000
SF'. - -176,400--8.01T logT -. 56 (10-ST 2 ) +-.42 (10( T-1) + 72.66T

Entropy, cal./deg./mole at 2980 K: (solid) 16.8. .03 1, 2, 9
(gas) 55.9 : 5 3

Se Tables b and c
Melting Point: 21900 K (19170C) 9
Heat of Fusicn. , 13. ± 2.a 24
Boiling Point: about 22730K (2000°C) 1
Transition Point.:
Heat of Sublimation, cal./mole: 90.0 24

b. HEAT CONTENT AND ENTROPY OF Ba .... 4
(Base, crysta!s at 298.15°K; mol. wt., 15r.36)

T. OK HT- H298 .15  ST -S298 .1 : T, 1K HT-H•.1 5  ST- ,. 15
cai./mole cal./deg. cal./mnole cal./deg.

mole mole
400 1170 3.36 1300 13,090 18.77
500 2380 6.07 1400 14,520 19.83
600 3660 8.40 1500 15,970 20.83
700 4980 10.43 1606 . ... 17,440 21.78
800 6300 12.20 1700 ..... 18,920 22.67
900 .... 7620 13.75 1800 ..... 20,420 23.53

10 . 8950 15.15 1900 ..... 21,930 24.35
1100 10,300 16.44 2000 23,450 25.13
1200 ..... 11,680 17.34
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Barium 0)xide, BaO (pag" 3)
BaO (c)"4

EnthaIpv: I1I -120s. .1..= 11.79T ý. 0.)4 X 10 1T 2 + 0.83 X 10"TP 39134
5 '00. .b ,rcent; 24.8c1 2 20007K)

Heat Capacity: C .-- 1109 + 1.88 X 10 BT - 0.8 00 10085T52

c. HEAT CONTENTAND ENTROPY OF BaO (g)4
.• (Base, ideal gps at 2IM.151-K; nmo!. wf., 153.36)

T, pK H r- - H71208. 2T ST.- S298.16 T, 0 K H-T- 1t1-,28 15cal./mole cal./deg. caiimole cal./deg.
1nole rvaole

400 ...... 820 0.360 1000 0..985 10.01-)
500 ....... 1650 4.21 1200 -0.7. 7750 M1.2
600 ..... 2500 5.76 1400 76.... a 520 13.18

S700 ...... 3365 7.1.0 1600 ..... 11,295 14.37
8p0 ...... 4235 8.26 1800 ..... 13,075 15.42

900 ....... 511 0  9.29 2000 .14,855 89d6.35

BRO (g) :
Entlalp~r : '.'T- 112111.,5 := 8.62T +t o.10 X 10-3T2 + 0.67 X 105'r-I - 2804 4

(S. percent ; 2980 - 20000K) tHeat CapJacity: C, == 8.62 +4 0.20 X 10-3T - 0.67'X 105T-2

Decor-position Temperaturer -When heated in Aor at 450( C, it combi n es 29Iwith 0 and farms Ea02. On further heating
Decomposition iProducts: a above 600oC, Bns 02 loses and reforms BaO.
Vanor Pressure: 0.00076 nml. at 16500K 41

For the range 900-1200C : log P w(19400/T + 8.69) Addn. Ref. I
X-Rry Crystallographic Data:

system SNace rdoup a Molecules/Unit Cellcubic 3k 5.50 4
Hygroscopicity: Absorbs water with formation of Ba (l•)V) 2 with eveirtion of 29

inuch heat.

Absorbs moisture and Crt on exposure to air and forms BaCO2.
Cautionis Keep in tightly closed container.

Solubility Data: In water0 1.5 g./ml, decomposes 190.8 g.1100 ml. at 801C
In dil. acids, alcohol : soluble £9
In CH.,OH, C2fH5OH : slowly soluble
In NH3, acetic acid - inpqoluble

Health Hazard: Poisonous. Irritates eyes, ears, no~se, throat, and skin. Produces 12, 29, 50V7
dermatitis. Gastrointestinal irr itant :
M.A.C• : V. .
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Ita."a Ox (ide, ILO (page 4)
sv'fv~tv Classi fic;,tions1:

OSM: not specifically listed
IC: not ipecifically listed

Uj.N.: classifiecd unde.r "Poisoti.-
ous (toxic) substances.'

S Ireai Explesic- llav-rd: Produces cwisýiderahie heat on contact with water 2
or 'qtear'. S~o~ne haz rd b', cheivical reai ction.

TFlectrostatic 3enJit,rc'it

Use in Pyrotcýchnic,,: BaO ia a product of the hurnin2 of many bzr~ uzn com-poutids.

Additional Rextexi~ces:
t ~1) IC.A. 5?, 3446 (1958)
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BARIUM PERCTIIX)IITATr : Ba(Ci4 )).= llef
Percnt., Oxygen. 38.06
Specificat;on No.:
Molecular Weight: 3"36.27
Crystalline Form: hux;oonal
Color: colorless
Density, g./rnl.: (solid'} (31120) 2.7-1 29
Coefficient of Th',ermal Expansi,-n:
Heat of Formation, Kcal./mole at 298°K: (c) -192.8 1,9
Free Energy of Formation.
Entropy, cal./deg./mole at 2ý,.16i:K 57.7 86
Melting Point: 68711K (414°C) i

778"K /505(C) 65
heat of Fusion:
Boili.ig Point.: .,,oses at 6,i31K 12

(400-C)
decomposes above 79S°K Addn. Ref 1

(520°C)

Heat of Vaparzaf•on"
Transition Points q to i at 55701t (284 0 C) 72

17 P to 7at 633"K (W600Cw)
Heat of Sublimation:
Heai CantGnt or Enthalpy:
Heat Capacity:
Decomposition Temperature: vilzorous decomposition 47

ae 5Pa01
SDeeonpos-ition Products :BaC),, and 0, Arldnl. Le'f. I

For DTA and TGA see Ref. 33
Vapor Pressure:
X-Ray Crystallographic Data:

Systemn Space Group a b c Molecules! Unit Cell 1
rhombic h 5.29 8.88 6.41 4

Hygroscopicity:
Solubility Data : In water, g./100 ml.: 198.5 at 250 ; very so]. hot 65

Solubility 1 Nonanueous Solvents, -f 250 C: 65, 77
Solvent g./100 p. solvent

aceton e 124.7
n-butyl alcohol 58.18
ethyl acetate 112.9
firrfura! (at 200C) 43
methyl alcoho' 215.1
n-pr(' pyl alcohol 75.65
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Ifirlani Iertr 'druie, Ila (00Jt)2 (pagiv 2)
Health Hazard Ba (ClOj,) is poisonou~s, irritates th'Ž eye3, nose, thro.at, and 12,26,29,

produceŽs drmatis. It may affect the central nervous systeyrt and kidnevs. 50V7
Its harmful effects are mainly duo,? the bariunm ion, GaR.re'ntestirai
irritant.
Cauticn: Avoidl skin contact 65
M.AC.: 0.5 14

Safety Clav-sifications:
,)SM: Class 1. Class 2 when not packed in originaz shipping contaiter or

equivalent.
ICC: Oxidizing runtorial, yellow ;abe!. Listed under "Expskoeires and

Other Dangerous Arties."
Fire and Explosion Hazard- Fa(C0.), is dangerous because it may be explo0ded 12, 14

by shock, heat, or chemical reaction. It forims explosive m;xtures wNith
carbonaceous material, S. pnowdcru Mg, and AL. ýt ernitk. highly toxic
fumes when heated. Fires involving perciC orates alone may te fought with
water,,

Electrostatic Sensitivity.
Used in P)rolvchnics" 1Ha(C00 4 ), is used as an oxidizer; and to gýv o a green 17

co!or t-. burning coxnp-,ýlions.

Additiora7 References:
1) C.A. 51, 2439 (1957)

I
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"I FV 1 "T ~ ;

lati,,nl.

(•ior 'ol9 Weight: 69.3

"t"e

crystallhne ý, ")rm: owr
C•olo.,' whIIite to r,, t

Density, pr.jiL.: (sol;d) 1.96
C( efficient of Thermal Exp; nsion: .

Heat of Formation, Tefal,/mole :Jt 298' V7 --105 0.,

.FrTe Lnergy of )orrmal ion:

HEAT AND FREE ENERGY OF FORMATION OF BaGj ic)
(11o0. wt., 16...../

T, °K A H (eal./mole) -\ F'' (I f. /rnole)

233.16 . -153,000 C± C300, -1,10,5()0 ( 6000)
400 -153,000 -- 2,6,500
500 ..1 . -152,50C -132,000
600 .... -152,000 -12S,000
6 ..... -152,000 -126,500
648 . -152,000 -126,500
700 ... -152,000 -124,000
800 .... --151,500 -120,500
900 -151,000 -116,500
977 .... -151,000 -113,500
977 --153,000 - I 13,500

1000 .... -153,009 -112,509
1100 -152,500 -103,5-)0
1200 9. -w21500 :)4.500
1300 . -152,030 - 00,500
1400 ... -151,500 --96,500
1500 .- 151,000 --92,500

Phase Changes of Metal
T.P. (a-3), 6,18"K;
A H - 140 cal./g.-atom

M.P., 977"K; 1 H -1- 2250 cail/g.-atomn

53
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BBarium Peroxide, BaO 2 (page 2)
Free Energy Eýquatious:

Reaction Range of Validity, OF 2
1) Ba(a) +0 2 (g)- =-Ba02 (c) 298.16 to 648

TA F -- 154,830- 11.05T logT' T .87 (10 3T2 ) + .42 (101T- 1 ) + 74.48T
2) Ba(p) + O2(g)-= Ba0 2 (c) 648 to 977

A F,- 154,380- 679T log T- .56 (10-TM) + .42 (105 T-1) + 62,73T
3) Ba(1) + 0 2 (g)) = Ba02 (c) 977 to 1500

T F, -156,140- 5.64Tlog T-.56 (103T 2) +.42 (10 5 T7-) + 61.09T
Entropy, cal./deg./mole at 298 0 K: (c) 18.5 6
Melting Point: 723°K (450°C) 1
Keat of Fusion, Kcal./mnolc: 5.7 6
Boiling Point: loses 0 at 1073 0 K (8000C) 1

decomposes at 1i'0 0 K 8
(8370C) at 1 atm.

Transition Point:
Heat of Sublimation:
P-eat Conitent or Enthalpy:
Heat Capacity:

See Rif. 2
Decom"rosition Temperature, 'C: 800 1

For DTA s, Rcf, 33
Decomposition Products • BaO -+ 0 29 and

Addnl PRefs.
1,2,3

Vapor Pressure:
Dissociation Press.: 760 mm. at 7950 C Addr]. Ref. 1

Press. atm. 0.0149 0.0861 0.1855 0.945 1,220 1.534 42V7
i p'i$' 891.1 970.1 1010,1 1108.1 1126.1 1141.1

X-Ray Crystallographic Data:
SBIst-m Space Group a C Molecules/Unit Cell

tetragonal 017 5.34 6.77 1
4h 5.39 6.85 4 97V6

Hygroscopicity: Slowly decomposes in air and on contact with water. Combines 29
with water to form BaOC2. 8H 20
Gain in mg./g. at R.T. after equil. was established in vac. desic.
Reagent Grade:

H.% 65 75 86 -3- 32
24hrs. 0.6 6/' 28.7 48.0
Rquil. 1.0 7-.1 J 126.0

Solubility Data: In cold water: very soluble
In hot water: decomposes
In dilute acids: soluble; with decomposi-

tion forming H 20 2
In acetone: insoluble
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£•trium Pero.xide, Ba92 (page 3)
Heuith Hazard: BaO2 is poisonous. It irritates the eyes, nose, and throat, and 29, 12, 50V7

produces dermatitis. Gastrointestinal irritant.
M.A.C.: 0.5 14

Sa.'ety Classifications:
OSM: Class 1. Class 2 when not packed in original containers or equiv-

alent.
ICC: Oxidizing material; yellow label.

Fire and Explosion Hazard: As aln oxidizer it is dangerous when heated with 12
reducing material; may result in detonation.

Electrostatic Sensitivity:
Use in Pyrotechnics: Ba0 2 is used as an oxidizer and to impart a green color 17

to burning compositions. It is used in igniter awl tracer compositions.

Additioral References:
1) "The Decomrposition of Barium Peroxide and the Reactivity of the

Resulting Baiium Oxide," J. A. Hedvall, Zeit. anorg. Chem. 104, 163
(1918) ; J. Chem. Soc. Abstracts 1919 ii, 26

2) "Kinetics of the dissociation of Ba and Ca peroxides," M. M. Pavlyu-
chenco and Yu S. Rubinchik-, C.A. 52, 19362 (1958)

3) "Heating curves for the hydrates of the peroxides of the Group II
metals," I. 1. Vol'nov, C.A. 52, 19384 (1958)
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BENZANTHRONE, CI7H1 UO Refs.

(7-oxo-7.benz (de) anthraquinone, 7-H-beiz (de) anthracene-7-one,
7-meso-benzanthrone, Benzan B, Research Vat Golden Yellow GK)

Structural Formula:

0

Specification No.: MIL-B-50074
The specification requires: purity-minimum 77%

water-maximum 11%
Molecular Weight: 230.25
Crystalline Form:

From alcohol or benzene: orthorhombic
From nitrobenzene: needles didnl. Ref. 3

Color: pale yellow
Density, g./ml.: (solid) 1.371 Atu 'nl. Ref. 3
Coefficient of Thermal Expansion:
Heat of Fcrmatintn:
Free Energy:
Entropy:
Melting Point: 417-K (174-C)

4-8.10 1K (173.10C) Addnl. Ref. 1
Heat of Fusion:
Boiling Point:
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature, °C: about 4260 (see below)

For DTA and TGA see Refs. 80 and 81
Decomposition .Products:
V!por Preature:

Press. mm. 1 10 410- - 200
T-,tr'. OC 225.0 297.2 850.0 890 426.5 with decompn

i5
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Benzanthrone (page 2)
X-Ray Crystallographic Data: Moleculesl

S.ystem Space Group a b c Unit Cell 18V III,
orthorhomic D4 14.57 15.00 5.07 4 Addnl. Ref. 3

Foý, bond lengths see Addnl. Ref. 2
Hygroscopicity:
Solubility Data: at 20 0C per 100 g. solvent, 29

glacial acetic acid: 0.52
benzene: 0.61
chlorbenzene: 2.05
In tetrachlorethane: soluble 99V14
In can. 10SO 4 : soluble, giving an orange- 88V7 II

red color- with an olive-
green fluarescence

In toluene: soluble
Health Hazard: Some, as indicated by the spec. requirement t!"at "each con-

tainer shall be conspicuously labekd" 'CAUTION - AVOID SKIN CON-
TACT; USE WiTH ADEQUATE VENTILATION.''

Fire and Explosion Hazard: slight when heated; 12
emits smoke

Safety Classifications:
OSM: not listed
ICC: not listed

Electrostatic Sensitivity:
Use in Pyrotechnics: To produce a yellow color in smoke grenades.

Additional References:
1) "Freezing Point and Purity Data for Some Organic Compounds," C.

R. Witschonke, Anal. Chem. 26, 563 (1954)
2) "Calculated Bond Lengths in Some Cyclic Compounds. Part II. Ben-

zanthrone, Acedianthrone, and Flavanthrone," T. H. Goodwin, J. Chem.
Soc. 1955, 1689

3) "Cell Dimensions and Space Groups of Some Carbocyclic Compounds,"
H. C. Boyd et al., Acta Cryst. 7, 142 (1954)
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BLACK POWDER Refs.
(Gunpowder)

_•a~k powder is an intimate mechanical mixture of potassium or sodium 13, 50V6
nitrate, charcoal, and sulfur. Willow or alder charcoal and flour of sulfur and
2-3% of water are wel! mixed ia a tumbling barrel. This mixture is trans-
ferred to a wheel mill and the desired amount of crystalline potassium nitrate
and several percent of water are added. The mill is run for several hours to
obtain a uniform mi:rture. During mixing the mixture is kept damp by the addi-
tion of water. The roniture is pressed at about 6000 psi and then broken up by
passing between rolls. Broken pieces are screened into sizes and material of
undesired size is reconsolidated and passed through rolls and screened. Material
of acceptable size is ther, thoroughly dried in hot air ovens at about 600C. The
material may be polished before drying by rotating it in L tumbling barrel.
After tumbling, the black powder is sieved and the fines removed.

Black powder is sensitivoe to friction, heat, and impact, and is very danger- 14, 13
ous to handle. It absorbs moisture and deteriorates rapidly. If kept dry, it will
retain its properties indefinit,!v. Combustible materials that have absorbed
liquors leached from black powder are a severe fire hazard and may become
explosive. Every safety precaution should be taken in black powder manufac-
ture and operations.

Black powder has a composition close to the stoichiometric proportions
needed to satisfy the equation:

2KNO -± S ± 3C--•KS + 3C02 + N,
In practice, the proportions may be varied slightly.
Formula (specification): KNO&, 74.0%

S, 10.4%
charcoal, 15.6%

Specification No.: JAN-P-223A
(all seven grades listed in the specification are used in pyrotechnics)

Crystalline Form: mechanical mixture
Color: black
Density, g./ml.: approx. 1.6, variable de- 13

pending mainly on condi-
tions of preparation

Decomposition Temperature: Exothermal preignitiun reaction starts at about Addnl. Ref. 4
2500C and cumininates at approximately 300"C (DTA and TGA curves).

Decomposition Products:
Hygroseopicity: Black powder is appreciably hygroscopic and is prepared and 13

kept under conditions of low humidity so that its properties will not be
adversely affected.

Temp. OC R.H.% Gain %
26 75 0.75
25 90 1.91
80 90 2.51
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Black Powder (page 2)

Explosion Data:
Specific Volume at S.T.P., 1./kg.: 285 (H 20 gas) Addrl. Ref. 5
Explosion Temperature, 0C: 2770
UHat of Explosion, Kcal./kg.: 685 (H 20 liquid)
Characteristic Product (VoQ) : 195,200
The equqtion for the burning of black powder has been given as approxi- 50V6
mately:
74KNO3 + 96C + 30S + 16H 20-.35N2 + 56CO2 + 14C0 + 3CH4 + 2119
+ 4H 2 + 19K 2CO + 7K,90 4 + 8K2S 20. 4- 2K 2S + 2KSCN + (NH4 ) 2 CO
+c+s
For other equations see Ref. 54V2

Health Hazard: none mentioned
Safety Classifications:

OSM: Class 9 (in charges or containers)
ICC: Class A explosive, not accepted for railway express. Black powder

igniters with empty cartridge bags, classified class C explosives.
Fire and Explosion Hazard: Black powder can be detonatb.d by friction, heat, 14

and impact.
Electrostatic Sensitivity: unconfined > 12.5 joules Addnl. Ref. 6

energy required to ignition: confined 0.8 joules
Impact Sensitivity, 2 kg. weight falling on 16 mg. sample: Foilowing

Bureau of Mines Apparatus, cm. 32 (10% Point) data on this
P.A. Apparatus, in. 16 (10% Point) page from 13

Initiating Efficiency (rin. wt. in grams required to initiate B.P.):
Igniter Composition K-31: 2.0
Igniter Composition K-29: 2.3

Friction Pendulum Test:
Steel shoe: snaps
Fibre shoe: unaffected
". on Temperature Test: (0.02 g. sample in No. 6 copper detonating cap)

Seconds Temp. 0C
0.1 (no cap used) 510
1 490
5 427 ignited

10 356
75% International Heat Test:

Loss in 48 hrs., w'iht %: 0.31
Vacuum Stability Tests, cc./t'rs. c'L 5 g. sample: 100 0 C, 0.5

1200C, 0.9

Sand Test, with 200 g. bomb ai '0.4 g. sample of black powier:
Grams sand crushed to pass .-mesh screen: 8
Sensitivity: tetryl, 0.25 g.

Ballistic Mortar, 5% of TNT: 50
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Bla.k Powder (page 3)
Trauzl Test, % of TNT: 10
Detonation Rate, xretcrs/se,!. at density 1.6: 400
Heat of )Explosion, cal./g.: 684
Gas Volume on Explosion, cc./g. 271
Method cf Loading: 1) loose (granulated)

2) pressed

psi 25 50 60 65 70 75
Density 1.74 1.84 1.86 1.87 1.88 1.89

Method of Storage: dry
1000 Vacuum Stabilit.v Test, cc. gas/40 hrs. from a 5 g. sample:

Initial value: 0.5
After 2 years at 650C: 0.86
After 2 years at 650C and 75% R.H.: 1.46

Compatibility with metals:
Dry-compatible with all metr ls when moisture cc itent is less than 0.2%.
Wet-attacks all common metals except stainles' steel.

Destruction: 14
Black powder may be completoly destroyed by leaching or wasbing with
large quantities of water and disposing of the washings separately from
the residue.

Use in Pyrotechnics: Black powder is used as an igniter powder, and in time
-ings (fuzes), fireworks, rockets, Roman candles, and firecrackers.

Additional References:
1) "Initiation, Burning and Thermal Decomposition of Gunpowder," J.

Black.wood and F. Bowden, Proc. Roy. Soc. 213, 285 (1952)
2) "Chemistry )f Powder and Explosives," T. L. Davis, John Wiley &

Sons, Inc., New York (1943)
3) Refs. 52V4 and 54V£
4) "A Thermoanalytical Study of the Ignition and Combustion of Black

Powder," C. Campbell and G. Weingarten, Tra'is. Faraday Soc. 55,
2221 (1959)

5) "Explosives," H. Brunswig, John Wiley & Sons, Inc,., New York (1912)
6) "Sensitivity of Explosives to Initiation by Electrostatic Dischaig-s,"

F. W. Brown et al., U.S. Dept. of Interior. Bureau of Mines, R.I. 3852
(1946)
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BORON, B Re8.
Specification No.: PAPD-451
Molecular Weight: 10.82
Crystalline Form: io.noclinic crystals or I

amorphous powder
Colc•,r. yellow or brown 1
Density, g./ml.: (c) 2.34 (asnor.) 2.37 IA2.35 31A
rwofftieint of Thermal Fxnsqnion.

linear, 20--750 0 C: 17.4 X per "C -7
Heat of Formation, Kcal./mole at 298°K: (gas) 97.2 1, 9
Free Energy of Formation, Kcal./mole at 298 0 K: 'gas) 86.7 1,-9
Entropy, Kcal./mole at 2980K: (c) 1.40 5

(Agas-monatomic)
36.65, 5

See Table a
Melting Point: 2313 0K (2037 ± 370C) 31A
Heat of Fusion, cal./mole: 5300 5
Boiling Point: 4198°K (392750C) 31A
heat of Vaporization, cal./mole: 128,000 5
Transition Point: -
Heat of Sublimation, cal./mole at 2980K: 141,000 5
Heat Content or Enthalpy, cal./mole at 298OK: 292 5

See Tables a and b
Heat Capacity, cal./deg./mole at 298OK: (solid) 2.63 5. 9

(liquid) 7T5
(gas) 4.97

See eqistions under Tables a and b

a. HEAT CONTENT AND ENTROPY OF B(c, 1) 4
(Base, crystals at 298.15°K; atomic wt. 10.82)

eal./mole cal./deg. cal./mole cal./deg.
mole mole

400 310 0.89 1700 7765 8.61
500 ..... 690 1.73 1800 8460 9.00
600 1120 2.52 1900 9165 9.38
700 ..... 1600 3.26 2000 ..... 9880 9.75
800 2120 3.95 2100 ..... 1C,GO0 10.10
900 ...... 2670 4.60 2200 ..... 11,340 10.45

1000 ..... 3245 5.20 2300 (c) . . 12,080 10.78
1100 ..... 3845 5.78 2300 (1) . .. 17,380 130&
1200 ..... ... 4465 6.31 2400 18,130 18.40
1300 ..... 5100 6.82 2600 ..... 19,630 14.03
1400 ..... 5750 7.30 2800 .... 21,130 14.5b
1500 .... 6410 7.76 8000 22,630 15.07
1600 ..... 7080 8.19
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Boron, B (page 2)

Enthalpy: HT - Hns.15 = 4.13T + 0.83 x 10-3T2 + 1.76 X 10T-1 - 1895
(2.1 percent; 2980 - 23000 K)

Heat Ca city: C•,= 4.13 + 1.66 X 10-8T- 1.76 X 10 5T-2

B(:
Enthalpy: HT - Hs.jt == 7.50T + 130 (0.1 percent; 23000 - 30000 K)

b. HEAT CONTENT AND ENTROPY OF B(amor.) 4
(Base, amorphous substance at 298.15OK; atomic wt., 10.82)

T, OK HT- s. 15 L' -'298I.I1 T, OK H..- 1 4
29P -I IS ST S268.IS

cal./mole cal./deg. cal./mole cal./deg.
mole mole

400 ........ 350 1.00 900 3160 5.4C
500 ...... 785 1.97 1000 3840 6.12
600 ...... 1295 2.90 1100 ..... 4'35 6.78
70(......... 1870 3.78 1200 ..... 5255 7.40
80 ...... 2500 4.62

B (amor.):
Enfthalpy: HT - H 2s. 15 = 3.34T ± 1.98 X 10-8T2 -+- 1.48 X 10 5T-1 --1668

(1.1 percent; 298) - 12000K)
Heat Capacity: C, ý 8.34 + 3.96 X 10-3T - 1.48 X 105T-2

c. HEAT CAPACITY OF B
(Solid to 2300°K; liquid from 23000 to 30000 K)

T, °K C.0 (cal./deg./mole)
298 2.63
400 3.45
800 5.35

1200 6.27
1600 6.78
2000 7.20
2200 7.40
2300-3600 7.50

Decomposition Temperature:
Decomposition Products:
Vapor Presure: 56

Press. mm. 10-4 104 10-4 10-' 1 102 760 M.P.
Temp. OK 1650 1850 2100 2430 2930 3730 4200 2300
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Boron, B (page 3)

X-Ray Crystallographic Data:
System Space Group a c Molecules/Unit Cell 18

tetragonal D8d or C1, 8.73A 5.03 50
hexagonal 11.98 9.54 180

See also Ref. 44S13 sup
IHygroscopicity:
Solubility Dat : In water: insoluble (slightly soluble 1, 29

when freshly prepared)
In HNQ8 , H 2 S0 4 . soluble
In alc., eth., alk.: insoluble

Tiealth Hazard: Boron is not highly toxic out it is a cumulative poison which 12, 25
affects the central nervous system.

Safety Classification:
OSM: Class 2 when not packed in original containers or cquiv !ent.

Fire and Explosion Hazard: Boron dust is dangerous as it can ignite on contact 12, 14, 16
with air and explode. It reacts with oxidizing agents and is a dangerous
fire and explosion hazard. It burns with intense heat. In the presence of
moisture hydrogen may be evolved. Therefore B should be stored in a dry
atmosphere and in a properly vented building. Use only nonsparking tools
around B. To fight a fire use no water; use powdered graphite, dolomite,
s"-. •r other iiert material. At about 6000 it ignites and burns with a
brilliant green flame.

Electrostatic Sensitivity:
Use in P:rrotechnics: Boron is used as a component of non-gaseous fuze

powe. rs.

.dditional References:
1) "Boron," J. A. Kohn et al., eds., Plenum Press, Inc., New York (1960).

P-oceedinlgs of the Conference on Boron, sponsored by the Institute for
Exploratnry Research, The U.S. Army Signal Rezearch and Develop-
ment Laboratory, Fort Monmouth, N.J.
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CALCIUM, Ca Refs.
SrFcification No.: 12056A (tech.)
Molecular Weight: ,10.08
Crystalline Form: cubic 1
Color: silvery white when first 29

cut; tarnishes to blue-gr-ey
on exposure to air

Density, g./ml.: (solid) 1.55 1
Coefficient of Thermal Expansion, linear, 0,3000: 22 X 10-6 36

cubic, 0-210: 717 X 10-
neat of Formation, Kcal./mole at 2980 K: (gas) 42.200 5
Free Energy of Formation, Kcal./mole at 298°K: (gas) 34.138 5
Entropy, cal./deg./mole, at 298°K: (c) 9.95 ± .10 3. 5

(gas) 38.99 5
See-- Tables a, b, and c

Melting Point: 11230 K (850 0 C) 4, 5
Heat of Fusion, cal./mole: 2070 ± 80 4,5
Boiling Point: 1765 0 K (14920C) 5
Heat of Vaporization, cal./mole: 35,840) 5
Transition Point: a to t 713 0K (4400 C) 4,5
Heat of Transition, cal./mole: 270 4
Heat of Sublimation, cal./mole, at 298°K: 42.200 5
Heat Content or Enthalpy, cal./mole at ?98°K: (solid) 1380 5

See Iables a, b, and c
Heat Capacity, cal./d.oe- !mole At 298°K: (solid) 6.30 4, 5

See data below (liquid) 7.40
(gas) 4.97

L. HEAT CONTENT AND ENTROPY OF Ca(c. 1)
(Base, a-crystals at 298.1 5K; atomic wt., A0.08)

T, 0 K HT-Hux.,s 1 T - S2 a.,5  T. OK HT- Hns.Ii S- 8 ". 5
cal, mole ctl./deg. cal./mole cal./deg.

mole mole
400 ..... 60W 1.90 UZ3 (a)... 6826 10.39
500 ..... L340 3.42 1123 (1) . . 8895 12.2Z
600 ..... 2055 4.72 1200 .... 9465 12.72
700 V200 5.87 180) .... 10,205 18.8i
713 (a) . 2300 6.01 1400 10,945 18.86
718 (,).. 3170 6.39 1500 11,685 14.87
8)0. 3850 7.29 160n 12,425 14.85
90.) 4690 8.28 1700 18,165 15.80

1000 6605 9.24 1800 13,905 15.72
1100 6590 10.18
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Ca'dlum, Ca (page 2) a

Enthalpy: HI- t2zls.• .. 5.25T 4- 1.72 X 10 8T2 - 1718 (0.3 percent; 298-' -7133tk)I
hIeat Capacity: C,,- 5.25 f 3.44 x 10 'T

Ca(/)
Enthalpy: HT- H1s.28...= 2.68T -4- 3.40 X 10-T2 472 (0.1 percent; '713 0 - 11232K)
heat Capacity: C, --= 2.68 + 6.80 X 10-'T

Ca (1)
Enthalpy: HT -- H2D.15 = 7.40T + 585 (0.1 percent; 11230 -- 1800°K)

•. HEAT CONTENT AND ENTROPY OF Ca(g)
(Base, ideal gas at 298.15°K; atomic wt., .10.08)

T, OK HT- H 298.15 ST-SS2 9.1 5  T, °K H-T H1.429 ST -- S298.1
cal./mole cal /deg. cal./mole cai./deg.

mole mole
4100 ..... 505 1.46 1900 ..... 7965 9.21
500 ..... 1005 2.57 2000 ..... 8465 9.46
600 ..... 1500 3.48 2200 ..... 947q 9.94
700 ..... 1995 4.24 2400 ..... 10,490 10.39
800 2495 4.90 2600 ..... 11,535 10.80
900 2990 5.49 2800 ..... 12,615 11.20

1000 ... 3490 6.01 3000 .. 13,745 11.59
1100 ..... 3985 6.49 3500 ..... 16.880 12.56
1200 ..... 4480 6.92 4,00 ..... 20,670 13.57
1300 ..... 4980 7.32 4500 ..... 25,250 '1.64
1400 5475 7.69 5000 ..... 30,685 15.79
1500 5975 8.0 6000 ..... 43,870 18.M8
1600 ..... 6470 8.35 7000 . . 59,365 2.7
1,700 ..... 6970 8.65 3000 ..... 76,40 22.81
1800 ..... 7465 8.94

Ca(g):
Enthalpy: HT - H29(,.. 1 4.97T - 1482 (0.1 percent; 298) - 2500°K)
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Calcium, Ca (page 3)

c. HEAT CAPACITY OF Ca 5

Solid I from 2980 - 7iju-K Liquid from 11230 - 1765-K
Solid II from 7130 - 1 1230 K Gas (m,,n) from 176511 - 3000 0 K

T, OK C (cll.deg./mole) T, -K CO (cal./deg./mole)
293 6.30 1200 to
400 6.S4 1700 7.40
600 7.i1 1800 4.99
700 7.64 2200 5.06
800 8.am, 2600 5.30
90 8.T- 3000 5.80

1000 9.49
1100 10.1FS

Decomposition Temperaure:
Decomposition Products: DTA 33
Vapor Pressure: 1

Press. nm. 10 40 100 430 760 M.P.
Temp. OC 983 1111 12@7 1388 1487 851

X-Ray Crystallographic Data:
System Space Group a Atoms/Unit CeU I
cubic 0 5.56 4

Hygroscopicity Reacts with water (much slower than does sodium) to form 1, 2t°
Ca(OH)2 and hydrogen.

Solubility Data: In water: reactsto form Ca(OH) 2  1
and hyarogen

In acids. soluble
In alcohol: slightly soluble, with

wh'Ich it reacts slowly
In benzene, liquid NHs, kerosene: insoluble 29

He-Ith Hazard: caustic to all tissues
Sufety Classifications:

OSM: not listed
ICC: not listed
U.N.: not listed

Fire and E-plosion Haward. The powdered metal exposed to air is a dangerous 12, 14, 29
fire hazard. It burns with intense he,i and a crimson flame. When corn-
pounded with oxidizing 9'ýents the powdered metal is both t dangerous fire
and explosion hazard. It is a strong reducing agent. Contact with alkali hy-
droxides or carbonate.s msty cause detonation. Precautions should be taken
to prevent water from contacting the material. Store and proccs9 it only
in rooms or buildings adequately vented at the highest poinit to prevent

1
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C•alcium, Ca (page 4)
accum.ulation of evolved hydrogen gas which results from the i"'•acti )n of
powdered metal and moisture. In the repair or maintenance of buildings
or equipment, powder or dust should be removed and non-sparking tools
used, CC14 should not be used near calcium as an explosion may occur. Addul. Ref. 2

Electrostatic Sensitivity:
Use in Pyrotechnics: As a fre, and to impart a crimson color to buring com-

positions.

Additional References:
1) Ref. 94
2) C.A. 37, 2578 (1943)
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CALIUM CARBONATE, CaCO, Refs.
(Mi.e, M*Apla"ed chalk, Whuing, Wwt• & lJk, Prepawe (maw, 1, 11, 29'

£CJee, Drap Cak, Pa"e '•Tite, Eugish White, Iceland Sper)
Specfication No.: JAN-C-293
Moieculwa Weight: 100.09
Crystalline Form : (aragonite) rhombic I

(calcite) hexagonal
Color: colorlem 1
Density, g./ml.: (arpgonite) 2.92 1

(cal:ite) 2.711
Coefficient of Thermal Expansion,

cubical, marble: 0.3-0.6 X 10- 1
Iceland Spar, 50-40-C: 0.1447 X 10-' 1
calcite, linear - parallel to axis, 0-85MC: 2&'.14 X 10-4 1

perpendicular to sa, 9-85oC: 5.88 X 10-
SHeat of Formation, Kcal./mole at 2980 K: aragonite (c)-288.49 1,9

calcite (c) -288.45
Free Enervy of Formation, Kcal./nmole at 298-K: aragonite (c)-269.53 1,9

calcite (c)-269.78
Entropy, cal./degf./moe at 2980K: (aragonite) 22.2 ± 0.8 8

(calcite) 22.2 ± 0.2 3Pee Tables a and b
Melting Point: (eragonite) about 10980K 1

(825 0 C)
(at 102.5 atm.) (calcite) 1612-K

(18890C)
Ho&L of Fusion, 1505. cal./mole: 12,700 7
Boiling Point:
Transition Poi!,t:
' Heat of Sublimatirn:
Heat Content or Enthialpy see below

a. HEAT CONTENT AND ENTROPY OF CaCOu (CALCITE) 4
(Base, crystals at 298.15 0K; mol. wt., 100.09)

--- 'R, °K H- Hm., u -m, T, ON H- H=.Is - .,
cal/i .ole cal./deg. cal./raole c -l/deg

mole mole
....... 92 6.88- 90 .... .,W~ o 27.61

500 ...... 4610 11.71 1000 ... 18,480 80.70
600 ........ 7200 16.43 1100 ..... 21,450 88.58
TOe......... 9M 20.57 1200 24,550 86.2720...... M2600 24.27

I r.
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Calcium Carbonate (page 2)

CaCO& (calcite):
Enthalpy: HT - H,... -- 24.98T + 2.62 X 1O-•T + 6.20 x 106-T1 - 9760

(0.3 percent; 2980 - 12000K)
Heat Capacity: C, = 24.98 + 5.24 X 10-3T- 6.20 X 10n"'

b. HEAT CONTENT AND ENTROPY OF CaCOs (ARAGONITE) 4
(Base, crystals at 298.150 K; mol. wt., 100.09)

T, -K HT - H298.15 ST- Sm.is T, OK HT - Hns.l s
cal./mole cal./deg. cal./mole cal./deg.

mole mole
350 ........ 1050 3.24 500 ....... . 400 11.27
400 ....... 2130 6.13 550 ...... 5650 13.58
450 ....... 3260 8.79 600 . 6900 15.75

CaCO3 (aragonite):

Enthalpy: Hr- Hm.ja =20.13T + 5.12 X 10NT' + 3.34 X 10qL- 7-77 7
(0.1 percent; 2980 - 6000K)

Heat Capacity: C, = 20.13+ 20.24 X 10-6T- 3.34 X 105T-O

Heat Capacity, cal./deg../mole: (aragonite) 19.42 9(calwite) 19.67

Decomposition Temperature: about 8250C
S. Peltier and C. Duval, Anal. Chim. Acta 1, 346447 (1947) states dcht
CaCO, loses CO at 660uC and changes to CaO. See also Addnl. Ref. 1.

Decomposition Products: CaO -4- CO 64V3
For Dissociation Pressure see Ref. 54V3
log P,.M.- 11,355/T - 5.388 log T + 26.238 42V7

Vapor Pressure:
X-Ray Crystallographic Data:

Space AxWi Molecules/
Sylten Group a b c Angle Unit Cec

aragonite: rhomb. V16 4.94 7.94 5.72 4
calcite: rhbdr. D, 6&361 a - 4606' 2

Hygroscopicity:
Solubility Data: In water: insoluble 29

In water saturated with C02 : slightly soluble
In dilute acids: soluble with evolution of

COS.
Health Hazard: Large doses may cause constipation 29

69
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cRUUM CS.-MUM (PW• s3)

.Wc3 not listed

ICC: not listed
ULN.: not listed

Fir and Explosion Hazard: none
Electrostatic Sensitivity:
Use in Pyrotechnics: CaCO& is used an a retardant and antacid. It imparts a 1

yellow-red color to burning compositions.

Additional .eferences:
1) "Differential Thermal-Analysis Studies of Ceramic Materials: 1, Char-

acteristic Heat Effects of Some Carbonates", R. M. Gruver, J. Am.
Ceranm Soc. 3, 96 (1950)
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CALCIUM NITRATE, Ca (NO.), Refs.
(Lime Saitpeter, Lime Nitrate, Nitro Calcite, Norway Saltpeter) 1, 11, 16

* Percent Oxygen: 58.50
SSpecification No.: none

Molecular Weight: 164.10
Crystalline Form: cubic 1
Color: colorless 1
Density, g./ml.: (solid) 2.36 1
Coefficient of Thermal Expansion:
Heat of Formation, Kcal./mole at 298OK: (c)-224.0 1,9
Free Energy of Formation, Kcal./mole Pt 298oK: (c)-177.34 1,9
Entropy, cal./deg./mole at 298 0K: 46.2 1, 4, b

See table below
Melting Point: 834-K (5al°C) 7,9
Heat of Fusion, Kcal./mole: 5.1 9
Boiling Point: decomposes 1
Heat of Vaporization:
Transition Point:
Heat of Sublimation:

HEAT CONTENT AND ENTROPY OF Ca(Nos) 2 (c) 4
(Base, crystals at 298.15°K; mol. wt., 164.10)

T, oK HT-H-H .15 ST - S298.l1 T, °K IIT-HM.1, ST - SM..x
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 ....... .3960 11.42 700 ....... 18,410 38.01
500 ....... 8340 21.15 800 ....... 23,970 45.43
600 ...... 13,150 29.91

Ca (NO 3) (c):
Enthalpy: HT- H298.15 = 29.87T + 18.40 X 1"T + 4.13 X 10rr-1

- 11,778 (0.3 percent; 2980 -800K)
Heat Capacity: C, D 29.37 + 36.80 X 10-3T- 4.13 x 106T-2
Heat Capacity, cal/deg./mole: (solid) 385.69 9

See also equation immediately above

Decomposition Temperature: 480-500oC Addnl. Ref. 1
Decomposition Products:

For DTA and TGA sea Refs. 33 and 47
Vapor Pressure:

71
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C•alcum Niraste C.(NO.s (page 2)
X-Ray Crystallographic Data:

sy Space Group a Moleca/Unit Cell
cubic T, 7.60 4 1, 97V7

Hygroscopicity: Deliquesces in moist air. Keep in tightly dosed container. 29
9olubility Data: In water, g./100 ml. at C - 102 at 00, 841 at 250,

376 at 1000
In acids: very soluble 29
In ethyl, acetate, and alcohol: soluble

Health Hazard: Large amounts taken internally are poisonous. 12

Safety Classifications:
OSM: ClaM 1 us
ICC: Listed under "Explosives and Other Dangerous Articles." Oxidizing

material; ye'iow label
Fire and Explosion Hazard: Ca (NO,) 2 may explode when shocked, or by heat, 12 I

Bame, or chemical reaction. It is a strong oxidizing agent and reacts vigor-
ously with oxidizable materials. Ca (NO$) 2 emits toxic fumes on decompo-
sition.

Electrostatic Sensitivity:
Use in Pyrotechnics: Ca(NOv) 2 is used as an oxidizer and to impart a yellow- 1

red color to burning compositions.

Additional References:
1) C.A.40,12932 (1965)

L!
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CALUM OXALATE, C. aC'OHO L"
(Monohydrate)

Specification No.: JAN-C-628
Molecular Weight: 146.12
Crystalline Form: monoclinic 1, 5
Color: colorless 1
Density, g./ml.: (solid) 2.2 1
Coefficient of Thermal Expansion:
Heat of Formation, Kcal./mole at 2980K: 499.1 1
Free Energy of Formation, Kcal./mole at 298°K: -R,10.6 1
Entropy, cal./deg./mole at 2980K: 37.28 1,9
Melting Point: loses HO at 1,29VS-8 K (200-C)

Heat of Fusion:
Boiling Point: ,
Transition Point:.,: , '
Heat of Sublimation:
Heat Content or Enthalpy: -

Heat Capacity, cal./deg./mole: (solid) 36.40 9
Decomposition Temperature: TGA Addn. Refs

1,2,3,4,5
See pyrolysis curve below

Decomposition Products: Calcium carbonate, calcium oxide. 91
See pyrolysis curve below

Dissociation Pressure for CC 2 0,: 91

T-C P... T-C P.,
378 8,2 410 250.0
388 80.0 416 587.0
403 134.0 418 684.0

X-Ray Crystallographic Data:
System Space Group a e Molecle/Unit CelO

2% H20 tetragonal CL 12=2 7.381 8V"
3 Hs( Ch 12.375 7.877 4 85

Hygroscopicity:
Solubility Data:

In water, acetic acid, and alcohol: inomluble 1
In acids: soluble

Aealth Hazard: Corrosive and produces local irritation. Has a tauxtic effect on 12
mouth, esophagua, and stomach. Can cause severe damage to kidneys.
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Ca.dum Oxname, CoCiO-H*O (p•ae 2)

Safety Classifications:
08M: not listed
ICC: not listed

Fire and Explosion Hazard: Can be dangerous when heated to decomposition 12
because of toxic fumes.

Electrostatic Sensitivity:

Pyrolysis Curves of Calcium Oxalate, Carbonate, and Oxide Addnl. Ref. 1

0.63g 10 ,
S2260 346

50rag
•420" 6600•.

8400 9800

Temperature °C

Use in PyIrotechmics: As a retardant and to impart a pink color to burning•mpositioniI.

A-llitfopal Referenem :
1) 'IOn the Thrmogravimetry of Analytical PFecipitates," S. Peltier and

C. I)uval, Anal. Ch~i. Acta 1, 347 (1947)
2) E. S. Freeman auid B. Carroll, J. Phys. Chem. 63, 394 (1958)
8) Nature178,824 (1956)
4) "Anhydrous Calcium Oxalste as a Weighing Form for Calcium," C. C.

Mller, Analyst. 78, 186 (1953)
5) C.A. 47, 5756 (1953)
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CALCIUM OXIDE, CaO Refs.
(lAme, Birnt Lime, Fat Lime, Quick Lime, CAx, Calcia)

Specification No.:
Molecular Weight: 56.08
Crystalline Form: cubic 1
Color: coiorless I
Density, g./ml..: 3.346 1
Coefficient of Thermal Expansion, cubical: 5.0 X 10-7 31
Heat of Formation, Kcal./mole at 2981K: (c)-151.9 9

See Table a
Free Energy of Formation, Kcal./mole at 298OK: (c)--44.4

See Table a
a. HEAT AND FREE ENERGY OF FC(2MATION OF CaO(c) 2

T, -K H (cal./male) F0 (cai/mole)
298.16 .... -150,650 (± 400) -143,250 (± 500)
400 ..... -150,600 -140,600
500 -150,500 -138,250
600 ..... -150,450 -135,800
673 ..... -160,400 -134,000
673 ..... -150,500 -134,000
700 ... -150,450 -133,350
800 -.... . 150,400 -130,900
900 . .... -150,300 -128,500

1000..... -150,250 -126,050
1100 ..... -150,200 -123,600
1124 ..... -ibu,200 -123,050
1124 ..... -152,450 -123,050
1200 ..... -152,350 -121,050
1300 ..... -152,200 -118,450
1400 ..... -152,100 -115,850
1500 -151,30 -113,300
1600 ..... - ý 51,800 -110,700
1700 -151,650 -108,150
1760 ..... -151,550 -106,650
1760 .. . -188,150 -106,650

800 .... -188,000 -104,800
1900 -187,550 -100,200
2000 ..... -187,150 -98,550

Phase 3hanges of Metal
T.P.j 673°K; * - 115 cal./g.-atorr

M.P., 11240 K ; A H 7= 2230 cal./g.-atom
B.P.; 1760OK; A H =36,60d cal./g.-atom
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I,

Calcium Oxde, C*O (p•ge 2)

Free Energy Equations: 2
Reaction Range of Vahdidt', OK1) Ca (w) + % ON Q•_--0n (e) S298.16 t 6'8 3

A14 ---151,8b-6.ST logT + 1.46 X 10-017 + 0.68 X 100rt + 43.93T
2) Ca() + % 0, (g) = Cao (c) 673 to 11•"4

a xq = -151,780 - 4.CUT lo.T + 0.41 X 10-T' + 0.68 x 10ST.1 + M7.6ST
8) Ca (I) + 0, (1) =-CaO (c) 1124to 1760

F4 153,480 - 1.5T logT- 0".29 X 10 + 0.68 X 105`'7- + 31.49T I
4) Ca (g) + (g) = CaO (c) 1760 to 2000

FT =-194,670 - 718T log T- 0.29 X 10-0i. + 0.68 X 10ST1 -1- 73,84T
Entiopy, cal/deg./mole nt 298°K: (C) 9.5 9

(SB) 52.3 9
See Table b

b. HEAT CONTENT AND ENTROPY OF CaO (c)
(Base, crystals at 29M.150 K) 4

T, OK H, -- Hm.s S - Sm.Is T, -K H,-pH1. 1 ,i ST- S.•5
cal./mole cal. deg. cal./mole cal./deg.

mole mole
400 1100 3.17 lIM0 .2,11C 17.38
500 2230 5.69 1400 ...... .13,480 18.86
600 ..... 8400 7.32 1500 ....... 14,760 19.28
700 4600 9.67 1600 ...... 16,100 20.14
800 .... 5820 11.30 1700 ...... 17,440 20.96
900 7040 12.73 1800 ..... 1C,7Tf0 21.72

1000 . 8270 14.05 1900 ...... 20,180 22.45
110 ..... 920 15.22 2000 ... 21,480 23.15
1200 ..... 10,800 16.34 t

CaO(c):
Enthalpy: H, - Hm.,--= 11,67T + 0.54 X 10-'T- + 1.56 x i00'- 1 - 4 )51

(0.3 percent; ?98- 20000 K)
Beat Capacity: C,= 11.67 + 1.08 X 10-8T- 1.56 X 10w""

c. HEAT CONTENT AND ENTROPY AF CaO (gas)
(Base, ideAl gas at 298.15&K) 4

T, -K HT,- Hjj., i s - n., T, -K H, - Hm,., 14 Sr- Sm. is
cal./wxole cal./deg. rAl./mole cal./deg.

mole molt
40(, ..... $25 2.38 1000 6005 10.25
500 1665 4.25 1200 7775 11.8"1
600 2515 5.80 1400 9545 13.23
700 m880 7.13 1600 .... 11,825 14.42
800 4250 8-30 1W)0 13,115 15.47
900 ..... 5125 9.83 2000 ..... 14,910 10.42
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Calcium Oxide, CaO (page 3)

CO (g):
Enthalpy - HT - H298.15 =. 8,70T + 0.08 X 10 8T 2 - 0.74 X 10,6T 1 -2849

(0.2 percert; 298c - 20000 K)
Heat Capacity: C. = 8.70 + 0.16 X 10-T - 0.74 < 101T-1
Melting Point. 2843-K Q2570CC) 31A
Heat of Fusion, KcHl./•oe"e - .2 9
Boiling Point: 31231K (2850-C) 31A
Heat of Vaporiz.ation:
Transiton Poirt:
Heat o! Subinmation:
Heat Capacity, cal.deg./mole: (solid) 10.239

See alsi equations under Tables b and c
Decomposition Tempcrature and Products:
Dissociation Pressure: log OP... = 2.74/104T + 9.97 (over the Addnl. Ref. 2

temperature range, 1600 - 1750 0 K)
See also Refs. 42V7 and 44B2 for additional valu.s

X-Ray Crystallographic Data:
System Space Group a Molecules/Unit Cell
cubic Og 4.797 4 1

Hygroscopicity: Very hygroscopic. Combines with water to form Ca (OH) 2.

Keep containers dry and tightly closed. 29
Solubility Data: In water, 0.181 at 100C:

k 0.0'• at 80 OC: reacts to form Ca (OH) 2
In acidj, glycerol: soluble
In alcohol: insoluble

Health Hazard: Caustic reaction on skin and respiratory system, The dust ie 12, 25, 29
an industrial hazard. Causes dermatitis. Treat with large quantities of
water.

'qfty CIpqifications:
) SM : not liated

ICC: not listed
UN. : corros:ve

Fire and Explosion Hazard: Slightly dangerous. Produces heat on contact with 12
water, steam, acids, or acid fumes.

Electrostatic Sensitivity:
Use in Pyrotechnics: Calcium oxide is a product of high temperature burnsing

of calcium and many of its compounds.
Additional References:

1) Ref. 64
2) "Vapor Pressure Determination of BaO, SrO and CaO, and Their Aiix-

tures fr m Measurements of the Rate of Evaporaton," A. Clhassen ard
C. VWenemans, Zeit. Physik 80, 342 (1933) ; cited by Re". 65

¼:

I
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CA7•.RIM PERCHLORATE (ANHYDROUS), Cm(CIO,) 2  P Refa.

Percent 0-ygen • 53.56
SpecificatLox No.:
Mo~ecWar Weight: 238.99
Cy,ýralline Porm: cnbic
Color: colorless
DonIity, g.inAl.:
Coefficient of Thermal Expansion:
Heat of Formation, Kcal./mole at 298OK: (estd.) -178 72
Free Entrgy Af Formation "
Entropy:
Mc~ting Point: 3960K (1283Cý 65
Veat of Fuaion:
Boiling Point: decomposes 05

Values in the literature range from less than 573 0 K (300cC)
to abou M68oK (4100C)

Transition Point:
Heat &r Sublimation:
Ht-st Content or Enthalpy:
Hent Capacity:
Decomposition Temperature: bubbling slight at 2580C, 47

vigorous at 28&OC
IATA and TGA, see Refs. &3,47

Decomposition Products: -C•'I-12 + 02with traces of !.ddnl. Ref. 1CaO and Cl2
Vapor Preesare:
X-Ray Crystallographio DatE for Ca (CO 4 ) 2 - 3H:,0:

8vatem Stwe Group a e Mileczdes/Unit Cell
hexagonal C4v 7.71 6.4? 2 65

Hyf, -csopicity: deliquescent I
Solubility Data: In water: 188.6 g /100 g. at 250C 1

very solable in hot water
Solubility in Organic Solvents at 250C: 65. 72, 77

Solvent g./100 g. sulvent
acetone 61.76
ethyl acetate 113.5
ethyl uAcohol 166.2
etnyl 'ýher 0.26
methyl alcohol 237.4
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Calcium Perehlorate (Anhydrru••, Ca(CI0 4 ), (page 2)

Health I %L-d: Ca lO, is a m oderato irritant to the skin and mucous nm- 12, 66
branes. Avoid contact with skin. A weak muscular poison. It is not cumu-
lative and not reduced in the body.

Safety Classifications.
OSM: Class 1. Class 2 when not packed in original containers or equiv-

alenL
ICC: Oxidizing material; yellow label. Listed under 'Explwives and

Other Dangerous Articles."
Fire and Explcsion Hazard: CaCIO4 is a powerful oxidizer. It may cause f&rV 12

or explosions when shocked or heated or by &.enical action with reducing
substances such 3a carbonaceous materias. It forms explosive mixtures
with sulphur, powdered magnesium, and aluminum. It also emits highly
toxic fumes when heated.

Electrostatic Sensitivity:
Use in Pyrotechnics: CaCIO4 is used as an oxidizer and to impart a yellow-red

color to burning compositions.

Additional Refereneps:
1) C.a.51,2439 (1967)

(I
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- CALCIUM PHOSPHIDE, Ca 3P, Refs.
(Photophor)

Specification No.: MIL-C-3539
The specificatiov ,;.vers two types: Type A, uncoated, and Type B, coated
with K*CrA. Both types are in the form of solid sticks or lumps 1/4 to I in.
in diameter. rhe types differ in their rate of reaction with water. When
immersed ii sea water, Type A shall immediately produce a vigorous reac-
tion with a strong bright fiame while Type B is required to give a maximum
evolution of smoke and flames at approximately 15 min. after contact with
the water. The two types also evolve different amounts of gas for equal

Molecular Weight: 182.20
Crystalline Form: cubic Addnl. Ref. 2
Color: reddish-browi. Addnl. Ref. 2
Density, g./ml.: (solid) 2.51 at 15 0 C 31A
Coeficient of Thermal Expansion:
Heat of Formation, Kcal./mole at 298OK: (c)-120.5 1, 9
Free Enorgy of Formation: -

Entropy:
Melting Point: about 18730K(16000C) 1,29
Heat of Fusion:
Boiling Point:
Transition Point:
Heat of Sublimatlon:
Heat Content or Enthalpy:
Heat Capacity:.
Decomposition Temperature: Can be heated to 1250°C without decomposing Addnl. Ref. 1,

but reacts with moist air. Reacts in air abcL't .A000C and becomes incan- 54V8
descent.

Decomposition Products:
Vapor Pressure:
X-Ray Crystallographic Data-
Hygroscopicity: Decomposed on contact with water, evolving spontaneously 29, Spec.

flammable phosphine.
Solubility Data: In water: see Hygroscopicity above

In acids: soluble 1
In alcohol, ether, benzene: insoluble

Health Hazard: Dangerous, due to -:;activity with water which evolves severely 12, 9R
toxic phosphine.

Safety Classifications:
OSM: not listed
ICC: Flammable solid; yellow label. Listed under "Explosives and Other

Dan•erous Materials."
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Calcium Piosphide, CasP 2 (paW-Z)

Fire and Explosion Hazard: Liabie to spontaneous combustion. Dangerous when 15, 12,
heated as it emits highly toxic fumes of oxides of phosphorus. May explode Addnl. Ref. 1
when heated by a flame. See Hygroscopcity.
Caution: Keep dry aid tightly closed (for this reason it is packaged in 29, Spec.
soldered tins). Under these conditions no gas should be evolved.

Electrostatic Sensitivity:
Use in Pyrotechnics: As a fuel and to impart a yellow-red color to burning com-

positions or to produce smoke and flame.

Additional References:
1) "Phosphorus and Its Compound,," by V. Wazer, Interscience Publishers,

Inc., New York (1958)
2) M. V. Stackelberg and R. Paulus, Zeit. Physik. Chem. 2B, 305 (1933)

II
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CALCIUM RESINATE Reio.
(Lfined Rosin)

Fomula. approx. C (Cjj*HCOO), 50V2
Calcium resinate is a mxture of the calcium salts of resin acids. These
includ, the abietic and pimaric acid types. For a discussion cf rosin, resin,
ond the rosin acids aee Ref. 50V2.

811 Pificatioe No.: MIL-C-20470
The spclhcantion covers two types which differ in purity and granulation.
Tpe 1 is fused and Type 2, precipitated.

Molecular Weight: 1849.50 12
Crystallin* Form: Amorphous powder or lumps. Appears tc crystallize imper- I

ftnty, but definitely with a head-to-heed arrangement of the abietate
radicak

Color: yellow or white Addnl. Ref. 1
Density:
Coefficient of Thermal Expansion:
Haft of Formation:
Free Energy:
Entropy:
Nting Point:
Heat of Fusion:
Boiling Point:
Transition Point:
Heat of Sublimation:
HRet Content or Enthalpy:
Heat Capacity:
Deamapositlo Temperature:
Decomposition Products:
Vapor Premsure:
X-Ray Crystaflographic Data-
Hygrounplclty: Specification grade. Gain in mg./g. at room temperature after 82(Table 14)

equilibrium was AUN•bl•d in static and vacuum desiccators.
Time 65A% R.H. [_75% R.H. 86% R.H. 93% R.H.! Stat. Vac. Stat. Vac. Stat. Vac. Stat. Vac.
4 hr. 14.0 3.8 11.5 14.1 25.4 19.0 27.1 28.4

i week 12.8 12.1 18.0 12.5 28.2 25.6 23.9 27.5
80 do" 1 14.1 27.7 30.9

Solubility Data: soluble in petroleum 50
solvents
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Calcium Resinate (page 2)

Health Hazard: unknown 12
Safety Classification •

OSM: not listed
ICC: Flammable solid: yellow label. Listed under "Explosives and Other

Dangerous Materials."
Fire and Explosion Hazard: Slight; when heated it can react with oxidizing 17

materials.
Electrostatic Sensitivity:
Use In Pyrotechnics: Calcium resinate is used as a retardant fuel, and binding

agent. Imparts a yellow-red color to burning compositions. Use also as a
waterproofing agent.

Additional References:
1) "A Comparative Study of the X-Ray Diffraction Patterns and Thermal

Transitions 3f Metal Soaps," M. J. Vold and R. D. Void, J. Am. Oil
Chemists' Soc. 26, 520 (1949)
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Refs1
CALCIUM SIUCIDE, Si, Ref.

Specification No.: -JAN-C-324
The specification covers two grades which differ in purity and granulation.Grae I is used in smoke mixtures, and Grade 11 in both smnoke mixtures|
and tracer compositions.

Molecular Weight: 96.26
Crystalline Form: glassy solid I

Color:
Density, g./ml.: (solid) 2.5 1
Coefficient of Thermal Fxpunsio a:
YT-at of Formation, Kcal./mole ft 2980K: (c)-36 1, 9
Free Energy of Formation-
Entropy:
Melting Point: 1498-K (12200C) 9

10200C 44, Addnl.
Ref.2

Heat of Fusion: 
R

Boiling Point:
Transition Point:
Heat of Sublimntion:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition 'eAperature:6.
Dbcomposition Products:
Vapor Pressure:
X-Ray Crystallographic Data:

System Space Group a Axial Angle MoleculeslUnit Cell
hexagonal Di 10.4 21030'. 2 1

Note: The structure is characterized by layers of rings with six Si atoms Addnl. Refs.
2, 3

Hygroscopicity: See Solubility (in water)
Solubility Data: In cold water: insoluble 1
In hot water decomposes according to the equation: Addnl. Ref. 2

CaSix + 6H110= Ca(OH) 2 + 2SiO, + 5H,0
,In acids and bases: decomposes

Health Hazard: Has caustic action irritating to the skin and respiratory system. 12
May cause dermatitis and irritation to the ey4es and mucous membranes.
(Treatment-wash with large volumes of water)
Ielieved to be nontoxic. 93
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Cacicm Silide, CaSi2 (page 2)

Safety Classification:
OSM: not listed
ICC: flammable solid

Fire and Explosion Hazard: Dangerous by chemical reaction witA oxidizers. 12, Addnl.
When heated can burn or explode and emit toxic fumnes. In contact with ref. 1
water may emit flammable silicon hydrides.

Electrostatic Sensitivity:
Use in Pyrotechnics: CaSi2 is used as a fuel and to impart a yellow-red color to 17, Addnl.

burning compositions. Used in igniter compositions for tracer prijectiles. Ref. 4

Additional References:
1) L. W61hler and 14 Schiephake, Zeit. anorg. Chem. 151, 1 (1926)
2) "Silicon and Its Binary Systems," A. S. Birezhnoi (Translated from

the Russian), Consultants Bureau, New York (1960)
3) H. Bohm and 0. Hassel, Zeit. auorg. Chem. 160, 152 (1927)
4) C. 4.9,14326 (1955)
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tI

CALCIUM STEARATE Refs.
F'ormula: Ca (CjsHwO2)
Specification No.: JAN-C-268
Molecular Weight: 607.00
Crystalline Form: cr-ystalline powder

See Addnl. Refa 2, 3
Color: opaque, translucent after Addnl. Ref. 4

heating and cooling
Density:
Coemleient of Thermal Expansion:
Heat of Formation, Kcal./mole at 18OC: H =-662.6 Addnl. Ref. 1

H,=- 641.1
Free Energy of Formation:
Entropy:
Melting Point: 452-463K (179-1800C)
Heat of Fusion:
Boiling Point: decomposes
I ransition Point: Phase changes at 65, 86, 123, 150, 195 and 3500C. Below -Addrd. Refs.

1500 C the stable phases are crystalline. 2,3
Transition Temperature. end Heats of Tranition

89
107 9080
152
190
58
89

106 7430
146
187

Note: Values vary with the source of the samples, which are not pure.
The 150-1950 C phase is a liquid crystal. Quenching from a temperature Addnl. Ref. 2

of 123-1500C produces an unstable crystal, but an unstable vitreous foirm
results on quenching from above 1500 C. Technical Ca stearate resembles the
pure material but assumes the vitreous form more readily and crystallizes with
diffculty.
heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decampodton Temperature, OC: above 350 AddnL Refs.

For DTA see Addnl. Ref. 4 2,3,4
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Calcium Stearate (patge 2)

Decomposition Products:
Vapor Pressure:
X-Ray Crystallographic Data:

For X-Ray Diffraction Data see Addnl. Ref. 5
Hygroscopicity:
Solubility Data: In water: 0.004 g./100 ml. at 150C

(not readily wetted)
* In alcohol and ether: insoluble

In methyl acohol and toluol, g./100 g,:

Temp. 0 C methyl alcohol toluol Addnl. Ref. 6
25 0.05 0.03
50 0.09 0.47
75 0.22

100 gelled*
*Ca stearate precipitated on cooling

Health Hazard: none mentioned
Safety Classifications:

OSM: not listed
ICC: nct listed

Fire and Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnics: As a fuel and to impart a yellow-red color to burning com-

positions. Also waterproofing, lubricating, and bonding agent.

Additional References:
1) L. M6dard, MWi. artillerie franý 28, 467 (1954)
2) "Polymorphic Transformations of Ca Stearate and Ca Stearate Mono-

hydrate," R. Void et al., J. Colloid. Sci. 3, 339 (1948)
3) "Crystal Forms of Anhydrous Ca Stearate Derivable from Calcium

Stearate Monohydrate," M. Void et al., J. Colloid Sci. 4, 93 (1949)
"4) "Differential Thermal Analysis of Mctal Soaps," G. Hattiangdi et al.,

Ind. Eng. Chem. 41,2320 (1949)
5) "Characterization of Heavy Metal Soaps by X-Ray Diffraction," R.

Void and G. Hattiangdi, Ind. Eng. Chem. 41, 2311 (1949)
6) "Aero Metalic Stearates," Am. Cyanamid Co., Bound Brook, N. J.

(1960)
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CARBON BLACK (DRY) and LAMPBLACK, C Refs.
(Cape Cod Black, Glos Soot, Light Soot, Flame Soot,

Flame Black, Fuenace Black, Channel Black, and i wide
variety of proprietary names and numbers)

Specification No.: Carbon black -(dry): MIL-C-11403
Lampblack: TT..L-706

Carbon black is an amorphous, quasi-graphitic carbon obtained by burning 16,22,29,
gas, oils, tars, or other carbonaceous materia, ii an insufficient amount of air to E0V3
form a deposit of soot. By varying the process and the starting material, prop-
erties of the producta can be varied considerably. Carbon black is usually one
of the fo'lowing types:

a) Animal charcoal, made by charring bores, meat, or bloot.
b) Gas black, furnace black, or channel black, made by the incomplete

combustion of natural ga&.
c) Lampblcck obtained by burning various fats, oils, and resins, under

controlled conditions.
d) Wood and vegetable charcoals.
Carbon blacks are very finely divided. Most individtal particles are in the

range of 13 to 274 mIL. As colloids, the particles are negatively charged and
show the Brownian movement. Lampblack is amorphous but most carbon blacks
are a mixture of the amorphous and crystalline forms. Carbon blacks have an
enormous surface per unit mas and are very absorbent. The structure and pH
can also be varied over a wide range, Carbon blacks thus find a wide variety of
uses.

The individual fine particles are composed of several thousand crystallites. Addnl. Refs.
Theme are in parallel layers of carbon atoms arranged in hexagonal rings as in 4, 5,6, 10, 11
graphite, but in carbon black the symmetry is much less precise so that the
carbon atoms in adjacent layers are rotated about an axis at right angles to
their plane. The structure is similar to that of true graphite as the carbon rings
are arranged roughly parallel and equidistant but otherwise completely ral.dom,
and the dimensions within a layer are the same as in graphite. The layer is
somewhat larger than in graphite. The effect of heat treatment is to increaae
the size of the parallel layer groups. On graphitization the material changes
discontinually to the crystalline graphite structure. The usual carbon blank is
not finely divided graphite. Small angle scattering indicates the existence of
clusters of a few hundred angstrom units in size. These clusters %re measured
by microscope units, by the electron microscope and by surface areas, rather
than the much smaller parallel layer groups.
Molecular Weight: 12.011
Crystalline Form: fluffy, amorphous powder 1
Color: black I
Density, g./ml.: (solid) 1.8-2.1 1
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Carbon Ibl-k, C (page 2)

Coefficient of Thermal Expansion, linat : 0.65 :< 10 R Addnl. ief. 1
see also Ref. 63

Ileat of Formation:
Free Energy of Formation:
Entr3py:
Mfelting Point,-, 3925-39700 K, sublimos

(3652-3MI7C)
Heat of Fusion:
Roiling Point: 4473-K (4200,C) I
Heat of Vaporization, cal./g.: 11,900 Addnl. Ref. I
Transition. Point:
Heat of Sublimation, Kcal./mole: 135.7 Addul. Rel'. 7

133 ±- 12 Addnl. Ref. 3
Heat Content or Enthalpy:
Heat Capacity:
Decotaposition Temperature:
Decomposition Producta:
Vapor Pressure:

Press. mm. 04 20 120 240 760 Addnl. Ref. 8
Temp. _C 2375 2935 3250 3490 3700
Press. mm. 243 327 380 509 608 760 Addnl. Ref. 9
Temp. °C 4015 4052 4801 4117 4137 4190

X-Ray Crystallographic Data:
See Addnl. Refs. 3, 4, 10, 11

Hygroscopicity:
Solubility Data : In water, acids, and alkalies: insoluble I
Health Hazard: Considered nontoxic. Prolonged internal use may cause vitmin 12, 25, 29

and mineral deficiency and interfere with digestion.
Safety Classifications:

OSM: Atmospheres containing caroon black are included under hazard-

ous locations, clasm II.
ICC: rnot listed

Fire and Explosion Hazard: Slight when expos -d to heat or flame. Lamnpblack 12, 50V6
made by incomplete coinbittion ot petvileum may heat spontaneously wh'n
freshly bagged. It has great affinity for liiqids and heats spontaneously (,;
contact with drying oils. It should be thoroughly cooled befure bagging and
stored in a cool, dry place away from oxidizing materials. Lampblack dust
can be exploded. See data following:

89
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Carbon Blatk, C (page 3)

Explosibility of LUmpblack:
Concnftration Max. Avg. Rate of Mezx. Rate of 86

Press, Press. Rise Press. Rise
-T-A'./-) (lbs./sq. in. ) (l-a./s. in./see. ) (lts.sq. in./sec.)

100 10 13 119

Ignition Termperature, °C:
Carbon black (produced in reducing atmosphere) 535 Addnl. Ref. 1
Thermal carbon blacks: 449-485
Leampblack (oxidizing atmosphere): 352-362
Carbon blacks (natural gas): 31"-324

Hmt 6f Combustion (at constant volume), cal./g.: Addnl. Ref. 2
Carbon amorphous, 8130
Carbon black (dried at 1003C): 7810

(degassed at 1000 0C): 8270
Specific Heat at 250C, g./cal./g. 0.2 Addnl. Ref. 1
Use in Pyrotechnics: Lampblack is used by the Chemical Corps as a pigment ir

protective coatings.

Additional References:
1) "Industrial Carbon," C. L Mantell, D. Van Nostrand Co., Inc., Prince-

ton, N. J. (1946)
2) L. M6dard, Mtm. artillerie fran;, 28, 485 (1954)
3) "Ionization and Disawciatior. by Electron Impact, Methylene, Methyl

and Methane," A. Langer et al., J. Chem. Phys. 22, 1836 (1954)
4) Chem. Eng. News .•3, 2078 (1945)
5) "Carbon Black," L. Cohan and H. Cohaa, Vol. 5, pt II, "The Science of

Petroleum," B. T. Brooks and A. E. Dunstan, Eds., Oxford University
Prebs, New York (1953)

6) J. D. Berral, Proc. Royal So=. 106A, 749 (1924)
7) E. ýndholm, C.A.51,6345 (1957)
8ý A. Thiel and F. RA'ter, Zeit. anorg. Chem. 132, 125, 153 (1923)
9) H. Kohn, Zeit. Physik 3, 143 01920)

10) "An X.Ray Study of Carbon Black," J. Biscoe and B. E. Warren, J.
Appi. Mys. 13, 364 (1942)

11) "X-Ray Study of Carbon Black," B. E. Warren, J. Chem. Phys. 2 551
(1934)
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CARBON TETRACHILORIDE, CWI ,f.
(Tetrachioromethave, Bezminoform)

Specification No.: 0-C-141 1, 1lt
Marking: The Air Force requires that each package bear a label
as follows: "Caution: Volatile poiannour solvent. Use with ade-
quate ventilation. Avoid prolonged breathing of vapor. Avoid
contact with skin."

Molecular Weight: 153.84
Normal Color and Form: colorless liquid 1
Density, g./ml.: (liquid) 1.595 at 20/4 1

1.63195 ut 0/40C
Coefficient of Thermal Expansion, cubical,

0-76 0C: 1.226 X 10-' 1,3
Vt = V, + 1.8384t4 + 0.89881t-G +1 35135 X 10-

Heat of Formation, Kcal./mole at 298OK: (gas) -45.5 1,9
(liquid)-833

Free Energy of Formation, Kcal./mole at 2980K: (ga) -15.3 1,9
(liquid) -16.4

Entropy, cal./deg./mole at 2980K: (gas) 73.95 1,9
(hi, uid) 51.2k

See table below
Melting Point: 250.3oK(-M22.80C) 9
Heat of Fusion, Kcgl./mole- 0.60 9
Boiling Point: S49.9 0K(76.80C) 9
Heat of Vaporization, Kcal./mole: 7.17 9
Transition Point: 225.5 0K(-47.60C) 9
Heat of Transition, Kcal./mole: 1.09 9
F at of Subl;mation:

IHEAT CONTENT AND ENTROPY OF CCI4(g) 4
(Base, ideal gas at 298.150K)

T, -K HT - H 2w,.1 5  ST-SM.IB T, -K HT-H 2  i, -is,.& ,
cal./mole cal./deg. cal./mole CL!

mole mole
400 ..... 2140 6.16 1000 16,570 2.99
500 ..... 4395 11.19 1100 19,080 30.8
600 ..... 6740 15.46 1200 21,610 i58
700 ..... 9150 19.17 1300 ...... 24,140 s4.61
800 ..... 11,600 22.45 1400 ...... 26,680 86.49
900 14,080 25.37 1500 ..... 29,=2..
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I Carbon Tetra-Moride, CC14 (pqge 2)

CC14 (g): W 865
Ental~py: HT-Hn.--= 24.7T + 0.60 X 10-2r + 4.13 X 105-1-863 4

(0-8 percent; 2980 - lr%)OK)

Heat Capacity: C.- 24.17 -- 1.20 X 10-3T-4.10 X 10OT-2

HiAt Capacity, cal./des./mole: (liquid) 31.47 4, 9
(gwa) 19 96

Decompoait'an Temperature: Noticeable at 1500C particularly in the presence Addird. Refs.
of Cl acceptors, e.g, metals and n• -LI oxides. 2,3,4

Decomposition Prcducts: Phoagene may be formed, .specially in the presence
of metals.

Vapor Pressure: 1
Pres. mm. 1 10 40 103 400 790 M.P.
Temp. OC -50.0 -19.6 _ 4.2 23.0 57.8 76.7 -2-.6

X-Ray Crystallographic Da: a:
Interatomic Distances and Molecular Configuration:

C-Cl, 1.76A ± 0.01: CI-CI, 2.86 ± .01 85
Tetrahedral model confirmed spectroscopically 55

Hygroscopicity:
Solubility Data: Solubility of water in CCi. is 0.008% by weight at 200C. Solu- 53V1

bility in water, 0.8 g./100 m$. at 200 C. CCI, is miscible in all proportions
with alcohol, ether, chloroform, benzene, i.alogenated hydrocarbons, and
moot solvents.

Health Hazard: CCLI is a systemic poison with a narcotic oction resembling that 12, 14, 29
of chloroform. It may cause death through -espiratory -7-flure, and can
cause serious effects to kidneys, liver, lungs, and the nervors system. It can
be fatbl when taken internally. Dermatitis may result .- om repeated skin
"contact, and its vapors are toxic.

* M.A.C.: 25 parts per million in air for an 8-hr. work .-y.
Caution: Do not use CC1I to fight fi.r in unventilated spaces such as small

rooms or closets. Store in airtight drums.
Note: CCI4 poisoning is detectable in the blood and urine.

Safety Classifications:
OSM: not listed
ICC: not listed i

Fire aud Explosion Hazard: CCI4 is not combustible, but its vapor is toxic. it is 12 ., 29
dangerous when heated to decomposition due to formation of highly toxici •phosg -e. !

Electrostatic Sensitivity:
Azee.frope: CCLI forms an azetrope with water which boils at 660 C at I atm.

and contains 4.1% water. 53V2

9I
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Cawli Twhrueloride, CC!4 (page 3)

Use in Pyrotechnics: CM4 io u"ed a noncombustible aolvent and fire retardant
in certrin compositions.

Additional Refereces:
1) Ref. 52
"2) -Poisonous Gases from Carbon Tetrach=oride Fire Extinguisher," A.

C. Fieldner et l. J. Franklin Inst. 190, 543 (1920)
3) "Determination of Phosgene," A.. C. Fieldner et al., :nd. Erg. Chem.

Anal. Ed. 8, 20 (1936)
4) "'Mass Spectrographic Study of the Species CS, ,SO, and CC12 Produced

in Prinmwy Heterogeneous Remctions," L. P. Blanchard and P. Le,'off,
Can.J. Chem. 35,89 (1957)
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CASTOR OIL Refs.
(Rtinus Oil, Oil of Palms Christi, Tanman-Tangan Oil,

Ricinuis COMMUnis) 1, 29

Formula: Castor ofl is a natural product of somewhat variable composition.
dpecification No.: MIL-C-15179A

(dehydrated)
Castor oil is a light yellow to brownish oil obtained from the seed beans of

the castor plant. When pure and fresh, it is nearly colorless and transparent.
The hot pressed oil is brownish. Castor oil does not readily turn rancid, and is
classed as a non-drying oil.

Dehydrated castor oil must be made by the dehydration of castor oil and
polymerization of the resulting product, without admixture of other oils.
Molecuar Weight: castor oil is a variablenatural product
Normal Color and Form: pale yellow oil 29
Density, g./ml.:: (liquid) 0.960-967 1
Coeicient of Thermal Exptnsion: --

Melting Point: turbid at 2610 K (-120C), 1
solid at 255-256OK

(-17 to -180C)
Boiling Point 586°K(313-C) 12
Decomposition Temperature:
Decomposition Products:
Vapor Pressure:
Hygroscopicity:
Solubility Data: liscible with absolute ethyl alcohol, methanol, ether, chloro- 29

form, glacial acetic acid.
Health Hazard, slight, used medicinally
Safety Classifications:

OSM: notlited
ICC: notlise

Fire and Explosion Hazard: combustible
Flvsh Point, *F: 445 (closed cup) ; 75

545 (open cup)
Autoignition Temperature., OF: 905 75
To fight fire: use foan, dry chemical,

CCI. or water 75
Electrostatic Sensitivity:
Ume in Pyratechnics: Castor oil is used as a fuel, as a waterproofing and bind- 17

iu agent, and to reduce sensitivity to friction.
&e Addnl. Refs.

f•4
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Castor Oil (page 2)

Castor oil composition, %: 16
diglycerides of ricineleic acid: 80-86 29
oleic acid: 7-9
linoleic acid: 3-3.5stearic acid: 0. 0
dihydrostearic acid: 0.6-1.8
tocophorol: a)Yut 0.05

Castor oil is dextro rotary and has the following clhracteristics:
Refractive index: ntf = 1.473-1.477

nf •-= 1.466-1.473
Viscosity at 250C, poises: 6-8
Surface tension at 200C, dynes/cm.: 39.0

800C, dynes/cm.: 35.2
Acid value: 0.3-2-0.8
Saponification value: 175-183
Iodine value (Wijs): 84
Reichert Ileissl number: 1.4
Maumen6 number: 46-47
Acetyl value: 146-150.5
Unsaponifiable matter: 0.6
Specific heat, cal./g., at 40OC: 0.52 50V6

at 200°C: 0.59

Additional Refereuces:
1) "Explosives, Matches, and Fireworks," J. Reilly, The University Press,

Cambridge, England (1988)
2) "Fats and Oilk," H. G. Kirschenbauer, Reinhold Publishing Corp., New

York (1944)
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CHROMIC ACID, CrOa Reft.
((2mromic Trioxide, Cromnie Anhydride, Addnl. Ref. 8

Qlrmiuin (VI) Oxide, Red Oxide of Chromium)
PNRst Oxyrge: 48.00
Specificaton No.: (for technical grade)o-C-308s 8.
mokcala Weight: 100.01
Crystalline Form: rhombic 1A
Color: red (color darkens with rise in temperature and is restored on cooling) 1A, 54V2
Denmity, g./nl.: (solid) 2.70 1A
Coemfcient oZ ThermL_ Expansion:
Eeat of Formation, Kcal./mole at 2980K: -142Z 1 1 Addnl. Ref. 7

-188.5 t 2.5 24A
Addnl. Rif. 8 gives literature values from -140 to -147

Free EnerR of Formation at 298OK: -120.2 6

HEAT AND FREE ENERGY OF FORMATION, CrOs(c) 2

T, OK A H (cal/mole) , F0 (cal./mole)
298.16 .... -140,000 (: 8000) -121,000 (±8500)
400 ........ -189,000 -114,500
471 ....... -189,000 -110,000
471 ....... -185,000 -110,000
500 ...... -184,500 -108,600

00 ........ -188,000 -108,600

Entropy, cal/ded./mole at 298°K: (solid) 17.5 6
17.2 ± 2.5 24A

Free Energ Fquations:
Radation Range of Vality, OK

1) Cr (c) +%Os (g) =CrOs (c) 298.16to471 2
AF l-141,590 -1I.82T logT + 108.90T

2) Cr (c) + % % (g)= CrO, (1) 471 to 600
A Fg -141,580- 82.24T log T + 153.14T

"teins Point, °C: 196 1A, 31(with decomposition) 197 AddnL. Ref. 8

Heat of Fusion, Kcal./mole 8.77 2
Boiling Point, OK: decomposes 1A
Heat of Vaporiation:
Transition Point:
Heat of Sublimation:
Heat Coatent or Enthalpy: ,
Host Capacity:
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Chromnic Acid, Cr03 (page 2)

Decomposition Temperature: above 2800 C 21
For TGA see Adrul. Ref. 9
For DTA and TGA see Refs. 33 and 54V2

Decomposition Products CrOg, Crjo0, Cro, 54V2
C1'2O0 + , Addnl. Reft.

4,6
Vapor Pressure:
X-Ray Crystallographic Data:

Molecules/
System Space Group a b UMt CUe Addul. Red. 5

orthorhombic D2, 5.70 ± 0.05 8.46 ±_ 0.03 4.77 ± 0.08 4 96
Hygroscopicity: deliquesces above 85% Addnl. Ref. 8PLH.
Solubility Data:

Jn water: 166 g./100 ml. at 150C and
206.7 at 1000C 1A

In ether, alcohol, H2S80: soluble
Health Hazard: Extremely toxic. Local irrit*nM end systemic poison. L.D. (sub- 29,12

cutaneously in dogs) 330 mg./kg. Concent-a.ed solutiond may cause derma-
titic and local ulceration. Inhalation caus- irritation to nasal mucosa and
respiratory tract. Ingestion may cause nausea, vomiting, diarrhea, renal
damage, and death.
Cattion-not for internal use.

* Safety Classifications:
OSM: not specifically mf stkmned
ICC: oxidizing material, yellowlab&l

M.C.A.: warning label required
Fire and Explosion Hazard: Dangerous; m•v oxidize organic compounds with 12,29

explosive violence. Contact with combutxhble material may cause fire and
evolution of highly toxic fumes.
Foamite is ineffectivw Against a chromic acid fire as the acid supplies its Addnl. Ref. 8
own oxygen. Carbon tetrachloride should not be used on a chromic acid
fire. Water is the only effective agent.

Use in Pyr•echnics: as an oxidizer

Additional References:
1) "Preparation of Ferromainetic Chromium Dioxide," B. Kubota, J.

Phys. Soc. Japan 15,1706 k 1960)
(See n&.e below)

2) "Decomposition of Higher Oxides of Chromium undei V triovs Pres-
sures of Oxyg-'n, B. Kubota, J. Am. Cerm. Soc. 44, 289 (1961)

97

(!

Downloaded from http://www.everyspec.com



Note: Both references above discuss the thermal decomposition 'f CrOs
under high oxygen pressure resulting from the oxygen libtrated from
CrO, itself.

8) "Chromic Acid in the Metal Finishing Industry," Diamond Alkali Co.,
Cleveland, Ohio (1953)

4) "The Products of Thermal Decomposition of Chromium Trioxide," R. S.
Schwartz st al., J. Am. Chem. Soc. 74, 1676 (1952)

5) "The Crytal Structure of Chromium Trioxide," A. Bystrom and K. A.
Wilhelmi, Acta. Chem. Scand. 4, 1131 (1960). C.A. 45, 3679 (1951)

6) C.A. 45,21319 (1959)
7) "•he Heat of Formation of Ammonium Dichromate," C. A. Neugebauer

and J. L. Margrave, J. Phys. Chem. 61, 1429 (1957)
8) "Chromium," M. Judy, Reinhold Publishing Corp., New York (1956)
9) C.A. 42,422 (1948)
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SCHROMIC OXIDE, CrO, Ref8.
(Chromium (ll) Oxide, Chromimr 'ý3emquiouide, Chrome Green, Addnl. Ref. 5

Green Cinnabar, Gr'ven Oxide of Cirromihm, Anadonis Green.
Ultramarine Green, Chrome Ocr .er, GiJ Green, L!af Green,

Green Rouge)
Percent Oxygen: 31.57
Siwiflcation No.: niot listed
Molecular Weight: 152.02
Crystalline Form: hexagonal 1A
Color: green 1A

Commercial materials vary fi om a brow'nish green, to greysh green, to
olive green to bright gra,'s green, 54V2

Density g./ml..: (3olid) 5.21 1A
Coefficient of Thermal Expansion:

T, -C % Linear Expansion bet. 106 X Mean Thermal Coeff. of Addnl. Rt f. 5
100 0C and Indicated Temp. Expansion bet. I000C and

Indicated Temp.
200 ..... 0.07 6.
400 0.14 7
600 ..... 0.36 '7.1
800 0.51 ".3

1000 0.66 7.3
1200 . .. 0.82 7.4

Heat of Formation, Kcal./mole at 2980 K: -269.7 9, 24A-272.7 ±- 4 ACdn. Ref. 4
-272.65 2--268.5 Addn,. Ref. 3

a. HEAT AND FREE ENERGY OF FORMATiON OF Cr2 0 (a,ft)

T, -K A H (cal./mole) A FO (cali./mole)

298.16 .... -272,650 (± 350) --253,150 (± 500)
298.16 .... -272,550 -253,150
400 ..... --272,250 -246,550
500 ..... -271,850 -240,200
600 ..... -271,500 -233,900
700 .o . -271,200 -227,650
800 ..... -270,850 --221,450
900 ..... -270,650 -215,250

1000 .... -270,450 -209,150
1100 ..... --270,300 -29)3,000
1200 ..... --270,150 -196,900
1300 ..... -270,100 -190,300
1400 ..... -270,100 -.184,700
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Chromic Oxide, Cr2Os (page 2)

T, °K a H (cal./mole) A FO (cal./inole)
1500 ..... -270,: 50 -178,600
1600 ..... -270,200 .-172,450
1700 ..... -270,300 -166,400
1800 -270,500 -160,250
1823 -270,550 -158,850
1823 -27.8,950 -158,850
1900 -279,000 -153,800
2w000 -279,100 -147,200

Free Energy of Formation, Kcal./mole at 298°K: -'250.3 ±- 0.5 Addn.. Ref. 4
Entropy, caL./deg./mole at 2980K: 19.4 IA, 9, 31A

b. HEAT CONTENT AND ENTROPY Cr 2 O3 (c) 4
(Base, a--crystals at 298.15 0 K)

T, -K HT - H2*a.1 5  ST - Sm. 15 T, -K HT - H2 s,15  ST -
cal./mole cal./deg. cal./mole cal./deg.

mole mole
298.16 (fi). 100 0.34 1200 ...... 26,430 40.11
400 2740 7.94 1300 ...... 29,550 42.60
500 5540 14.19 1400 ....... 32,670 44.91
600 8380 19.36 1500 ...... 35,790 47.07
700 ...... 11,280 23.82 1600 ....... 38,920 49.08
800...... 14,230 27.76 1700 ....... 42,050 50.98
900 ..... 17,210 31.27 1800 ....... 45,180 52.77

1000 ....... 20,240 34.46 1900..0 ..... 48,320 54.47
1100 ...... 23,320 37.40 2000 ..... 51,460 56.08

Cr 2Ox (a):
HT - Hn,., 5  28.53T + 1.10 x 10'lP + 3.74 X 10T-1 - 9758

(0.2 percent; 2980 - 18000 K)
C, = 28.53 + 2.20 X 10'sT - 3.74 X 106T-2

Free Energy Equations: 2
1 2CReaction Range of Validity, OK
1) 2 Cr (c) + % 02 (g) ý Cr2O* (p) 298.16 to 1823

A FT =-274,670-14.07T logT + 2.01 X 10 3 T 2 j- 0.69 X 10 ,T1-+ 105.61T

21 2Cr (I) + %Q, (g) ý--Cr 20S (8) 1823 to 2000
A F,- = - 278,030 + 2.33T log T- 0.35 X 10--'2 + 1.57 X 10o•"T' 4- 58.29T

Melting Point, OC: The range of values listed in the literature vary
as much as 5000C.
Lowest value 1900 31A
Highest value 2435 Addnl. Ref. 5
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Chromic Oxide, Cr 20S (page 3)

Heat of Fusion, Kcal./mole: 25 6
Boiling Point, OK: decomposes at 3306 _ 300 9
Transition Point, OK: C,, to C, 306 9, 41

298 2
Heat of Transition, Keal./mole: 0.1 2
Heat of Sublimation: -

Heat Content or Enthalpy:
See Table b

Heat Capacity:
See Table b

Decomposition Temperature: 3300 ±- 300 8
See also Addnl. Ref. 1
For DTA see 54V11

Decomposition Preducts:
Dissociation Pressure:

Oxygen Pressures over CrtO3  Addni. Ref. 5

Press. atm. 7.4 X 10-2 5  5.1 X 1023 3.8 X 10-22
Temp. °C 895 968 1002

For Dissociation Pressure curve see Ref. 54V1l
X-Ray-Crystallographic Data:'

System Space Group a c Mot-cules/V nit Cell
Hexagonal D6d 4.954 13.548 at 260C 6 97V5
Hygroscopicity:
Solubility Data: In water: insoluble

ini acids, alkalies, or alcohol: slightly soluble
Health Hazard: Poisonous. Corrosive on skin and mucous membranes.
Safety Classifications!

OSM: not listed
ICC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnics: Product of the bumning of chromium and some chromium.

compounds.

Additional References:
1) "Decompositiov of Higher Oxides of Chromium under Various Pres-

sures of Oxygen," B. Kubota, J. t-mer. Cerm. Soc. 4, 2A9 (196-)
2) "The Volatilization of Chromium Oxide," D, Caplan and M. Cohen, J.

'Electro).em. Soc. 108, 438 (1961)
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Chromik Oide, Cr2OS (page ,4)

3) "Thermodynamics of the 0-,idation of Chromium," J. N. Ramsey et al.,
J. Electrchem. Soc. 103.135 (1956)

4) "Heats of formation of chromium oxide and cadmium oxide from com-
bustion calorimetry," A. D. Mah, J. Am. Chem. Soc. 76, 3363 (1954)

5) "Chromium," M. Judy, Reinhold Publishing Corp., New York (1956)
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COBALT NAPHTHENATE Ref•.
Cobalt naphthenate is a solution of the cobalt salts of mixed naphthenic Addnl. Ref. 1

acids in mineral spirits. The product contains about 6% cobalt and is stand-
ardized on this basis. Chemical and physical properties of cobalt naphthenate
cannot be described in the usiial manner because the naphthenic acid usually
represents a mixture of various cyclopentane monocarboxylic acids, containing
on the average about 12 carbon atoms. The carboxyl group is usually separated
from the cycopentane group by at least one mnethylene group, but sometimes
there may be more than one. The balance of the carbons is made up by alkyl
substitution on the cyclopentaine nucleus. The acids vary considerably depend-
ing on the particular source of the petroleum crude from which they are derived.
The cobalt is primarily in the cobaltous form.

Chemically the naphthenic acids have been classified as carboxylic acids of Addnl. Ref. 2
the general formulas Ci 2.- •2 COGH and C.H?.-. COOH, with most of them in
the first group. They are derivatives of the 2,3,4-trimethylcyclopentane alkane Addnl. Refs.
acids, e.g. 2,
Structural Formula.

HC H C - H8C

HBaCL§CHO0HP H 8C FJ CH,- CH2. CH2 - COOH, Ha.C (CH2 ) 5COOH
CH% CH, CH,

Commercially available naphthenic acids are identified by origin and acid
number. The :ack of a more definite classification is duo to the complexity of
the mixed acids now known as naphthenic acids and to the absence of informa-
tiop correlating the properties of the acids from dif.erent soLrces.

The general formula has been given as approximately Co (RCOO)2 , where
R is largely a mixture of trimethylcyclopentane alkane radiJes.
Specification No.: TT-D-643
Specification Requirements:

me~al (cobbdt). %: (min.) 5.7 (max.) 6.3
Non-volatile, %: (max.) 74
Sp. Gr. : (min.n 0.950 (max.) 1.050
Flash Pt. (closed cup), 0F: (min.) 100
The volatile matter shall be mineral spirits.

Color: red-blue to purple 50V5
Denmity, g./ml : 0.947 to 0.965 50VF
Melting Point: 39811K (125-'C- 50V
Solubility: soluble in benzene 50WV
Health Hazard: in tl.e stomach, coLalt naphthenate hydrolyzes tc CoClý. Al- 29V5

though this compound nas been used iedicinally in zase!ý of iron deficiency
anemia), in doses le rg,ýr than 100 rmg. CoCi: is toxic.

103

Downloaded from http://www.everyspec.com



Cobalt Naphthenate (page 2)

Safety Classification:
OSM: not listed
ICC: not liste(ý

Fire and Explosion Hazard:
Electrostatic Sensitivity:
Nuodex Products Co. specifications for Ccbalt Naphthenate (DMR 1"obalt 61 ): Addnl. Ref. I

Metal content, %1: 6.0 :± 0.1
Color (Gardner), max.: violet blue
Sp. Gr.: 0.935- 0.980
lbs.'gal. (at 800F): 7.75-3.15
Solids, % max.: 67
80F Viscosity (max.), Gardner: A, 0.50 poises
20°F Viscosity (max.), Gardner" K, 2.75 poises
Flash Pt. (Pensky-Marten closed cup), °F: 104

Use in F. .chnics: As a paint drier. As a c.atalyst with Laminac 4116 and
Lupersol DDM (q.v.).

Additional References:
1) Private communication from W. J. Stew• •, Nuodex Products Co., Eliz.

abeth, N. J.
2) "Naphthenic Acids and Derivatives," E. R. Littmann and J. R. Klotz,

Chem. Revs. 30, 97 (1942)
3) "A Manual of Organic Chemistry," G. M. Dyson, Longrnans, Green and

C .,New York (195A)
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COPPER, Cu Refs.

Specification No.: JAN-C-768
Molecular Weight: 63.54
Crystalline Form: cubic 1
Color: reddish metal 1
Density, g./ml. : (solid) 8.93-8.95 1
Coefficient of Thermal Exprnsion:

Temp. Range, oC Coeficient 1
linear -191 to + 16 14.09 X 10-6

(electrolytic) linear 25 to :00 16.8 X 10-
25 to 300 17.8 X 10-6

0to 600 16.07 X 106Equation for Linear Expansion : 1, --- 1o (1 +.1596 I-0.102t2)1
where I1 and 1, are the hkngths at the temperature t0 C and OC

Heat of Formation, Kcal./mole at 298oK: (gas) 81.1 5
Free Energy of Formation, Kcal./mole at ?980Y: (gas) 71.628 5
Entropy, cai./deg./mole at 298 0K: 7.97 5

See Tables a, b, and c
HetofVporization 1a3/ole7280Melting Point: 13560 K (1083 0 C)
Heat of Fusion, cal./mole: 3120 4, 5
Boiling Point: 28550K ("5820C) 5SHeat of Vaporization, cal./mole: 72,800 5

Transition Point:
Heat of Sublimation, cal./mole at 298OK: 81,000 E
!!-at Content or Enthalpy, cal./mole at 298 0K: (solid) 1201 5

(gas) 2116 9
See Tables a, b, and c

a. HEAT CONTENT AND ENTROPY OF Cu(c, 1) 4
(Base., crystals at 298.15°K; atomic wt. 63.54)

T, -K HT - H 29 8 .1 5 ST - S.98.15 T, -K HT - H298.15 ST - S29 5. 15
cal./mole cal./deg. cal./mole cAl./deg.

mole mole

400 600 1.73 1100 5190 8.28
500 1215 3.10 1200 5895 8.90
600 1845 4.25 1300 ..... 6615 9.47
700 1"0 5.23 1357(c) . . . 7040 9.79
800 .... 3,30 4.10 1357 k,) . . 19,160 12.09
900 3800 6.89 1400 ..... 10,480 12.32

1000 ..... 4490 7.61 1500 ..... 11,230 12.84

1.05
I-15

Si
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Copper, Cu #page 2)

T, OK HT - Hm.15 ST- S-s.15 T, -K HT - Hns.15 ST - f8.,5
cA./mole cal./deg. cal./mole

1600 11,980 13.33 2200 ..... 16,480 15.71
1706 12,730 13.78 2400 17,980 16.37
1800 13,480 14.21 2600 19,480 16.97
1900 ...... J4,230 14.62 2800 ..... 20,980 17.52
200 . 14,980 15.00 !

Cu(c):
Enthalpy: HT- Hm.1s = 5.41T + 0.75 X 10-sT2 - 1680 (0.3 percent; 2980 - 1357 0 K)
Heat Capacity: C, = 5.41 -+- 1.50 X 10-OT

Cu ():
Enthalpy: H.T- H*,,.0*-- = 7.50T - 20 (0.1 percent; 2980 -28000K)
Heat Capacity: C, = 7.50

b. HEAT CONTENT AND ENTROPY OF Cu(g)
(Base, ideal gas at 298.150K; atomic wt., 63.54)

T, -K HT - Hs.15  ST - S"8.1 5 T, OK HT - H"9 .15  ST - S"8.15
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 505 1.46 1900 ..... 7985 9.22
500 .. 1005 2.57 2000 ..... 8495 9.48
600 1500 3.4F 2200 ..... 9530 9.27
700 ..... 1995 4.24 2400 ..... 10,590 10.43
800 ..... 495 4.90 2600 ..... 11,680 10.87
900 ..... 2990 5.49 2800 ..... 12,815 11.29

1000 ..... 3490 6.01 3000 ..... 13,995 11.70
1100 ..... 3985 6.49 3500 ..... 17,155 12.67
i200 ..... 4480 6.92 4000 ..... ... 20,600 13.59
1300 ..... 4980 7.32 4500 ..... 24,290 14.46
1400 5475 7.69 5000 ..... 28,150 15.27
1500 ..... 5975 8.03 000 ..... ..... 36,160 16.73
1600 ..... 6475 8.35 7000 ..... 44,450 18.01
1700 ..... 6975 8.66 800) ..... 53,175 19.17
1800 ..... 7480 8.94

Cu (g) :
"Znthalpy. HT- H 2 98. 16= 4.97T - 1482 (0.1 percent; 2980 - 20001K)
Heat Capacity: C,, =4 97
Enthalpy: HT -! H 8,.15 2.86T +0.53 x 10T-{-V-655 (0.2 percent; 20000 - 50001K)
Heat Capacity: C,- 2.86 + 1.06 X 10 ýT
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Copper, Cu (page 3)

c. HEAT CAPOACITY OF COPPER
Solid from 298 to 13560A

Liquid from 1356 to 28551K
Gas from 2855 to 30001K

t, -K Co (cal./deg./mole)
298 5.85
400 6.01
600 6.31
800 6.61

1000 6.91
1300 7.36

1400 Wo 2800 7.50
2900 5.89
3000 6o01.

Decomposition Temperature:
Decomposition Products:
Vapor Pressure:

Press. mm. -1 10 40 100 400 760 B.P.
Temp. 0 C 1628 1879 2067 2207 2465 2595 1083 1

X-Ray Crystallographic Data:
System Space Group a Atoms/Unit Cell I
cubic h 3.608 4

Hygroscopicity: (Reduced Cu) cumulative increase in weight after 51, 29
storage over water for 29 days: 1.9%
storage over H 2S0 4 for 29 days: 1.0%
2 days in oven at 1050C: 0.9%
In moist air gradually forms green basic copper carbonate, CuCOCu (OH)-

Solubility Data: In water: insoluble 1,29
In HNO8 , hot H 2SO4 : soluble
in HCI, NH 4OH, acetic acid: very slightly soluble

Health Hazard: Copper is not considered an industrial poison. It is moderately 25, 93
toxic when inhaled or ir,. "-ted.

Safety Classification:
OSM: ciass 2

Fire and Explosion Hazard: The powdered mttal is a dangerous fire hazard 14, 12, 49, 51
'hen cxposed to flame or hot sparks. By chemical reaction wit], oxidizers

• may explode. It burns with intense heat. Precautions should be. taken to
prevent water from contacting the material. Store and process only in
Luildings adequately vented to prevent accumulation of evolved hydrogen
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Copper, Cu (pae 4)

which results from the reactions of powder-d mef~l and moisture. In the
repair or maintenance of buildings use only non-sparking tools after the
meald powder or dust has been removed. In fighting fire tse no water;
use powdered graphite, dolomite, or sodium chloride.

Electrostatic Sensitivity: not ignited by 49
electric spark

Ignition Temperature: (Reduced Cu)
Dust Cloud, °C: 700 49
Quiescent Powder: oxidized rapidly at 2700C 51

with no ignition
Use in Pyrotechnics: Copper is used as a fuel. It produces a blue-green color 20. 50

i burning compositions.

Additional Reference:

1) Ref. 64
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CUPROUS OXIDE, Cu0 Ref.
(Cuprite)

Specification No.: MIL-C-15169
The spec., covers two types, Type I and Type II, which differ in purity.

Molecular Weight: 148.08
Crystalline Form: octagonal, cubi'1
Color: yellow, orange, red, or

dark brown, according to
the method of preparation 79

Dcasity, g./nJ.: (Lolid) 6.0 1
Coefficient of Thermal ExpAnsion, cubic at 4V0 C: 2.79 X 10-4 54V3

linear at 400C. 9.3 X 10'
Hena of Formation, Kcal./mole at 298OK: -39,,84 1, 9

See Table a
Free Energy of Formation, cal./mole at 298°K: -34.98 1, ro

See Table a
a. HEAT AND FREE ENERGY OF FORMATION OF Cu2O (c, 1)

T, -K H (ch../mole) F 0 (cal./mole)
298.16 . -40,400 (± 1550) 45,000 (± 1500)
400 ..... -46,200 -33,200
500 ..... -40,100 -31,500
600 ..... -39,900 -29,800
700 ..... -89,700 -28,200
800 ..... -39,500 -26,500
q00 ..... --39,300 -24,900

1000 -39,000 -28,300
1100 ..... -38,800 -21,800
1200 -.... . -38,40) -20,200
1300 ..... -38,000 -18,700
131r7 .... -37,70 -17,900
137 ..... -43,900 -17,900
1403) ..... -43,700 --17,100
1500 ..... -43,100 -15,200
1502 -43.1W0 -15,200
1502 ..... -29,700 -15,200
1600 ..... -29,200 -14,200
1700 -28,G00 .-13,300
180t .. 28,300 -12,400
I•e -27.800 -
2000 -.27,400 -10,700

Phaq.e Changeti of Metal
M.P., 1357 IR

AlI -31"0 WOc.!g.-atom

199

I'

Downloaded from http://www.everyspec.com



CaprFI O'dde, CuO (pege 2)

Entropy, cal./deg./rnole at 2980K: 24.1 8, 4, 9
22.44 2

Melting Point: 1502 0K (12290C) 2, 9
Heat of iusion, KX.ci/mole 13.4 2,7, 9
Boiling Poin#: loses oxygen at

2073-K (1800oC) I
Transition Point:
Heat of Sublimation: -

b. HEAT CONTENT AND ENTROPY OF Cu 2O(c)
(Base, crystals at 298.15 0K)

T, oK HT - 1 ",,. 15 ST - S2,9. T, OK HT -- Hf2 8 .1 5  ST -- 15

cal./mole cal./deg, cal/mole cal./deg.
mole mole

400 ..... 1720 4.96 90') 11,000 19.98
500 ..... 3470 8.87 loCw 13,020 22.10
600 ..... 5280 12.26 1100. 15,120 24.10
700 ..... 7150 15.14 1200 17,320 26.02
80C ..... 9060 17.68

CuO(c):
Entha'py: H,,- Hm.is = 14.90T + 2.85 X 10-rl - 4696

(02 percent; 2980 - 12000K)
Heat Capacity: C, = 14.90 + 5.70 X 10-OT
Heat Capacity, cal./deg./molc at 298°K: _,ol id) 16.7

Decomposition Temperature: When heated in air starts to oxidize slowly at 45
about 1450C, and rapidly twards 2850C.
Heated in air it does not dissoc-ate but oxidizes. 414V60b

Decomposition Products:
Ref 54V3 states that at high temperature CuO dissociates into copper
and oxygen.

Diasocinxton Preasvre:
Press.0mm. . .0,16 .0,28 .038 .138 .446 8.312 40.19 54V3,

- Addnl. Ref. 1Tertxp.oC 500 loco 1500 1800 1400 2000 2300 2500

X-Rty Crystallographic iaLLa:
Systevt Space' Group a Mc'ecales/Unit Cell

cubic 01 4.26 2 1
Hygroscopicihy: Cuprius oride is stable in dry air, but gradually oxidizes to 29

cupric orj de, CuO, in moist ai,
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ruprous Oxide, CuO (par 3)

Solubility Data: Ia water and alcohol: insoluble
Jn HC1, NHILCi, NHOH: soluble
In HNO3 : slightly soluble

Health Hazard: slight 12
Safety Classifications:

OSM: not listed
ICC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnics- Cuprous oxide is used as a fuel, and with chlorinated 17

organic compounds as a color intensifier.

Additional References:

1) E. Heyn, Zeit. anorg. Chem. 39, 1 (1904)

il
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"6DECHLORANE," CJ0Cl, Reifs.
(Dimer of Hexachiorocyciopentediene) Addnl. Ref. 3

Note. The nsme "Dechlorane" is tradem~aked by the Hooker Chemical
Corp.

Fore" As: Addnl. Refs.
1,2,4

ClCl'c

Cl

Specificatiolt No.: not listed
Molecular Weight: 545.6
% Chlorine: 78.8
Crystalline Form: granular solid
Color: white Addnl. Ref. 1
Density: 2.020 -__ 0.005 g./cc. at Addnl. Ref. 1

24.3 0 C
Coefficient of Thermal Expansion:
Heat of Formation:
Free Energy of Formation:
Entropy:
MelLing Point, OC: (sealed tule method)485 Addnl " fs.

1, 2. 33
In a DTA run lifidfaction started at about 16("'C

Heat of Fusion:
Boiling Point, OC: qtartb to' sublime about Addnl. Ref. 1

240
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decmpoai'L.n Temperature: 33

White fumes aoted bet. 300 1-500(C. These fumes darkened as the temp.
was raised. Some decomposition above 00DOC.
For DTA see tef. 33

Decompositian Products:
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9echiorane, fl.0Clj (page 2)

Vapor Pressure:
Press. mm. N X 10 o 6 X 10-6 3 X 10-1 Addnl. Ref. 1
Temp. OC 26 50 197

X-Ray Crystallographic Data:
Hygroscopicity:
Solubility Data: In benzene: soluble Addnl. Ref. 3

Solvent g./100 g. solvent at R.T. Addnl. Ref. 1
toluene 13.3
xylene 32.7

perchloroethylene 10.3
styrene 17.2

mineral spirits (St,)ddard solvent) 5.8
Reactivity: Dechlorane i3 inert to strong cxidizing and reducing agents such Addnl. Ref. 1

as H2S0 4, HNO3, aq. NaOH, LiAI, H4, CISOsH, H2 and O0 under normal
reaction conditions. Unaffected by Zn dust plus HCI, acetic acid or meth- Addnl. Ref. 2
anol, also by oxidizing agents such as KMnO4, CrOs and SO,.

Health Hazard: Only slightly toxic. Essentialiy not irritating to the skin. Oral Addn!. Ref 1
L.D. 50 (value determined on rats) approx. 6000 mg./kg.

Safety Classifications:
OSM; not listed
ICC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnics: as a color intensifier

Additional References:
1) Data obtained from literature prepared by the Hooker Chemical Corp.,

Niagara Falls, N. Y.
2) "An Investigationi of the Chlorocarbon, C1 oCl12 , M.P. 4850 and the

Ketone, CIoCl 10O, M.P. 3490," E. T. McBee et al., J. Am. Chem. Soc. 78,
1511 (1956)

3) "The Chemical Behavior of Hexachlorocyclopentadiene. I1. Condensa-
tion with Trichloroethylene," J. S. Newcomer and E. T. McBee, J. Am.
Ckern. Soc. 71, 952 (1949)

4) "Th- Structure of the Compound C, 0C1 1 '," D. H. Zijp and H. Gerding,
Rec. trav. chim. 77, 682 (19F8)
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v~~~~rv~~ 1 1i ,ili, (0 1ii Mti~ .:i I.. Itih ttit iei'

-euitod byi the general etweaii,-aI ul (Cjljj0),,) 11j) T'h e jŽ, howt-;veir
ý (h srtliaer thian ill tIlf ""r(i 1) Thele vik-onn; dxi n i,,ý1 iof trvatlnvllts'

of star, h lead to Coimjex nlixtiirei restfli f-r f'rn thrcte lnain type" of, reactjoll
i .Jri~ ;c vleavig". kW i+k yioldQ' eQlw WI n! lO Inomte %,AI ewolohi cola-

') ~~2uooatioll ill wh~elil a A vilI( iiidic ~l. )n 1beN'~twee IWO k71h:

with the 'oirnatie a of 1 branch tpoint. TPhis reaction prodluces branlched
!niooueCls anid little change ; i woleculnar weight.

3 oerepolynierizat-ion and condlensation of smaller niolecules.
Because the polyrniolecularity or the original starches difffer arid vario-,;I

treatments result in a nvixtu-e oft the Three main reacions, the iwod'.ets diffi rý
in size. distribution of incleec~es, ante. ill extent. of braniching, and thus have
different, properties.

D(?xtrins are distin-mi,51hed Lo:u em areb by ',:e violet, and red coiors that
dextrinis give with iodinIe solutior

Dextrins are usually charactprizedi hy giv.ir- the solree oýr kinld of starch
used, the color of the dry products, their zolubility nil water, an-l te visco~sity
of their water dispersions. The ftloigtai ive the ore [WrOr tV eat
inents of starch to produce dextrins, together with some proper-ties o fite result-
iug starches.

CLASSIFICATION OF DEXTRIfNS 23
Yellow or

Uvht 4P Canazry
Dextrins Dlex trins R -itish G unls

Manl~f. vcie
Usual catalyst II10 IIic none or an

alkali
Temperature, 1'C 79-121 149-218 135-218

Time, hrs. 3_-8 6-18 10-20

Product Cha racteris ties

Color white to buff to buff to
light cream yellow or brown dark brown

Solub-Wity (dispeirsi-
bility), 1-98 90_100 l-_{00

Useful diun., parts of water 2--5 1 or less 3 ()
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Stj

Det:.,(page, 2)

Spucigw:'t io : oAN-i)-232
The spoeificationi covwrs two types of vorn dextlrin : 'ype 1 whih(!, a r
Ty1I, tX- yellow. Thiso vary m,: composition as indicated Ly a wide d,.ier-
-ice in water solubi; ity.

Molk:,1±r V',ight: variable (appreciably
Iesas than starch)

Color: white to dark brown

Melting" Point: decomioses
Specific Heat, cal./',i-JC at 140"C: 0.292
Hygroscinpicity : very deliqumescent 20V3
Healti Hazard: non toxic 93
Safefy CiAssif"'catiorks

OSM: ioet listed
ICC : no shi -)ping iabel required

Use ii: Pyr-techfics. fuel and bi .•-
Dextriis have strong adhesive properties and are used mnainiy as pastes,

Additional References:
1) B. Brhmhall, hId. Eng. Chen. 36, 72 (1944)
2) J. Geerdes etal., J. Am. Chem. Soc. 79, 4209 (1957)
3) "Chemistry and Industry of Starch," R. W. Kerr, Ed., Academic Press,

Inc., New York (1950h
4) G. M. Chrlstensen and F. Smith, J, Am. Chera. Soc. 79, 4492 (i•57)
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L -J-DIAMINO- 2,3"D[I Y d"NrRI . I- .AQU {INON E I ld,, i..

V~olet A 100r)

Struct'ral Formula : 82

11 NHf

C IJ4H22N2 r J~
0

Specification No.: MIL-D.3668
Covers one grade with a miaimum purit, of 87%.

MoiecuL.r Weight: 240.26
Color: violet
Density, g./ml.. (appareit) 0.35 ± 3.10 Spec.
Solubility: s',,hb)e in 19 -5 lchol cpee.
Healtlh -TA • ,A,- Some tox-c.cty as indicated by the specification requirement that

each conal"ner be conipicuoisly labelled: "7 1,ATON- -.Avoi skin contact
or breathing of dual fumnes. 1provide adequatL! ventilation in wcrk areas."

Safety Classifications:
OSM: not listed
1CC: not listed

Use in Pyrotechnics: To impa-t : violet color io burning smoke mixtures.
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(wIfnsoru. earth, -Wa '.omiite,'' fo!4,i, florr, KieM1tlgoP4Ir, 'EdI ,/,
oSir;Ce1Vxs earth, ripoili (a type of crystallib diae &sinte),

"Celhe," " Fe • ~atherstonul,' " " 'i"fter-C;l," , lvpr.•i's)

Diatoiaceous earth is composed of the siliceous Alelet'ns of diatom,:, which 5oy .v. 16,
are microscopic aquatic plaints of the e1'tss aacillerieae, 'i'liec" .....r ,i1 great Addul. Ref. A
beds an. t are not earthy, Large d&,ýposits O(. tlr in th e ,c. ,rt of ahe U.S.
After Ving dug from open pits, the diatomite is pre,, , :• c,',m,- reial us..
u.suall, by being heated to remove organic ma4 ax ai.d treAte, V h tcidS •o
remove iron. The individual diatoms occur in a greixt marn fcm., and differ
considerably in size. The average particle size varies from I V" 4019. sad ihe
specific sarface from ab)oot 7.050 to as much as 67,000 sa: crn./g. Cb triically,
diatomit2 is rmaily silica (ausally the SiO2 conten, t is uetween 84 ain 92%),

The impurities are highly variable and ,"e usually Al and Fe oxides. The
water conte!at, varies from 2 to 10%. Tie physical properries als) vary era
wide irange.

Diatomaceous earth is freowuctly used because of its high!y absr rotivf' 52V3,29
character which is closely related to its ,specific surface. Oil absorpth n varies
from 25 to 150 lbs, of oil per 130 'os. of dlatoynite; water from one to four t irnq,
the weight of diatomnite. This porosity is a resu!l of the fact that tho ,hells of
the diatoms are h1'.low.
Diatomite is a poor conductor of hem ebectricity, and sound, and makes an

excellent filter.
Specification : MIL-D-20550

The specification requires that the materlx' be a naturally mined diatomace-
ous earth which has not been ignited.
Gi0 2 content, % : 85.0 to 87.0
Organic matter, %: max 1.0
Linseed absorption, g. oil/100 g. matertal• 150 to 210

Normal color and form: white to light gray. to pale buff fine powder, varies Addnl. Ref. 2
with the nature of the impurities present

Density . 50V10
noncaicnod 1.90

1-ed and bleached, whitest grades 2.35
Apparent: 0.24 to 0.34
Spec. requirement: (max.) 0.3

Melting Point: Uncontaminated diatomaceous earth should melt at the temp. Addnl. Ref. 2
of fusion of sil c.., 18731K (1600CC). The average quality sinters at
about 1073°IK (800 0 C).

Specific Heat: calo/g./deg. at 251C: 0.23 Addnl. Ref. 2
HygroscoPicity:
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I bit~a~~4i: :~~;( j'.~'2)

SoI•ibiity D)ata :ln;ouhle ini wator, acidsi, aiid diltie alkalies. Remiit,4ait to 1ioxt "s., 52
Il'ihllic.ls.. kt.taieTe by 11I"F anl :dAowlv dissolved by hot, aeue(,u, caustic

ý e-.Itt, fKzard Moderately toxic on inhalationu. Un.der long exp<osure to high 93, 2:

concentrations the d(mt may cause pulmouiary tii{. is.
Fire awid Lxplosion flazard: nouo aientioned
Use in Pyrotechnics: as an inert filler

Addit:onzl Referernces:
1) "Clarifying Efficiency df Diatomaceous Filter Aids," A. B. Cummins,

Ind. Cnem.. 34, 403 (1942)
"2) "Diatom;ceous Earth," R. Calvert, ACS Monogroph No. 52, Chenmica•

Catalogue Co., New York (193' 1)
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I )t I J'IY 1, 111 I'HI'ALA'F I
I I ihIIIy- I 2-benzs,'rIdit'arbooxyIlaik)

Formulat : C1114 (C(OC4 I11)2 or C1G112 {0
pThe industrial product made by the Commercial Solvents Corp. has the

following properties: Purity, 99-1(09% ; Boiling Range at 37 amm. press,,
227-2350 C ; MY.P. K -10(°C; Flash Point, 3470 F.

Specifitcation No.: JAN-D-218,
Molecular Weight: 278.34
Form: oily liquid
Color: colorless
Density, g./ml.: (liquid) 1.0465

1.0427 Addnl. Ref. 2
Coefficient of Thermal Expansion:
Hcat of Formation, Kcal./mole at 183C: Addnl. Ref. 1

At constant pressures: --207.2
At constant volume : -199.6

Free Energy of Formation: --
Entropy :

Meltina Point: 2380 K "C
Heat of Fusi, n:
Boi'ing Point: 622 0K (3490C) 29

613 0 K (340 0C) 31A
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature:
Decomposition Products:
Vapor Pressure:

Press mm. 1 10 40 too 400 760
Temp. 'C 148.2 198.2 235.8 263.7 313.5 340

- See also Addnl. Ref. 2
X-Ray Crystallographic Data: --

Hygroscopicity:
Solubility Data: In water: 0.04 g./100 ml. at 250 C

Miscible in all proportion, with alcohol, ether, acetone, benzene, and many
organic liquids.
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Safety ClasifiiatIOT~i:
I seIas S11bstantoil-ly ine-rt and Iprteciltilg nno parl. .:utaqr .iret

toxic hazard as used 1io Ordnaence estahiilishretits.
IckC: not 1listed

Fire and FExp)osoh 1i~~i, (?OMbISt"'1;le on ox posu re to heat or flan)( in 75
reackt w rth oxidizing mate,-iais. To fight fire iewiter, foamn, (I -ry
chemical, or CC],,.

Heat of Combustion, Kcal./m-n,-,e at. 201C (Hý,O liquid)
1 536.2

Flash Point, 'IF (closed cup) 315 75
(open cup): 335

Auoignihitwn Temnperaturec, OF~: 757 17, 7
Um. in Pvrotechnics: As a sokvei~t for oniruc.ilulose.

Awli't onai ke,,4erences
1.) L, Wdra-d, Wina. ati:-llerie franý. MS. 476 ( 5I

"T' e ','.Pou~r P.e.sure of di-n-butyphthaiatc cdi-n-butyisebncate, Lauric
Acid nad Myristic Acid," L. Hammer and A. L. Lyderson, Chem. Eng.
Sci. 1, 66 (1957ý
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I J , -his Inv Iet laI t i a.i .V )-1d It It r qAiflE i h )aI raio I BAIrih ll R1jq l l f i,

0 N(IHCH3 )

N) (HCHI,)

Specification No.: MIL-I).21354
Molecular Weight: 266.30
Crystaflihe Fiormn:
Color: blue
Dernsity:
Coefficient of Thermal Expansion:
Heat of Formation:
Free Energy of Formation:
Entropy:
Melting Po~int. 494-6 0K AddnIl. '%ef. 1

(221--3-C)
Spec. min,: 482,'K (2090CI

Heat of Fusion:
Boiling Point:
Transition Poirt: __

Heat of Sublimation:
Heat Content or Enthalpy.
Heat Capacity:
Deconmposition Temperatilre:

For DTA and TGA see Ref. 80
Decomposition Pro'iucts:
Vavor Presswre: __

X .. k-ysta~llgraphic Data:
Absorption Spectra, see Ref. 66

Hygroscopicity:
Solubility Data (mg./l00 mi.),

In water at 25CC: -2L0.000012 Addn'. Ref. 2
at 800' 7: 0.0002 4Lddnl. Ref. 3

1.21
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in e vl aft~

n,'h vp.iquitL, oiat )'Aivli (a nt iie. be v llspicuoulY Lwolvd, *'Cauivuh.
Avoidl sk in contact oi tbre.tthiIngo dusbt, ol furmes. Provideo Adequato~ V eati -

.3'fety (Ckl..4ficatiorN:
0 S M not l isted

IC'C not i~sted
Fine and E'xpIo.;ie I iazard
Electrostatic Serisitivity:
Use it) Pyrotechnic.- to color smoke

Additional Refirences: 
mixtu :05 blue

1) C.A.47. 870 (1953)
2) J. Soc. D~yers Colourists 70, 68-77 (1954)
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,I-DIMETHYLAM!NOAZOBENZENE ,cfro.
(lBetizeneazodirnethylariline; N.N-dinm'thiyI-p-pheny/aznaniline;

Sudan Yellow GGA, butter yillow; methy! yellow, 1, 29, 48, 48A
C.'. 11020, C.U. Solvert fellow 2)

Itructural Formula: CH1fNs
(H3C)2 N•_---N : N-

Specification No.: XPA-PD-367 (Rev. 1)
The spec. requires arain. purityof 93%.

Molecular Weight: 225.30
Crystalline Form: leaflets 1, 29
Color: yellow 1
Density:
Coefficient of Thermal Expansion:
Heat of Formation:
Free Energy of Formation:
Entropy:
MeLing Point: 3880K (115 0 C) 48

3900K (117cC) A.ddnl. Ref. 1
Heat of Fusion:
Boiling Point:
Tronsition Point: -
Heat of Sublimation, Kcal./nole: 28.9 Addnl. Ref. 2
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature:

For TGA see Ref. 80
Decomposition Products:
Vapor Pressure mj, Hg between 860 and 1080 a +- (b x 103/T) Addnl. Refs.

1,2
a = 17.57 ± 0.13, b -- 6.31 ± 0.05, T-- absolute temp.

Temp. OC 100 110 115 Addnh Ref. 2
V.P. 1 7.52 12.4 20.2

Energy of Volatilization, Keal./mole
at 264-3610 C (96% purity): 21.2 80

X-Ray Crystallographic Data:
Hygroscopicity:
Solubility Data (g./100 g.)

In water at 250C: 0.00003 Addnl. Ref. 3
at 800C: 0.0008

In pyridine: about 28 88V'I AI
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4-L)!ttraehyIaminoazobesnzene (page 2)

In alcohol, benzene, chloroform. ether, petroleum ether, oils, and mineral 29
acids: soluble

IHealth Hazard: may cause cancer 29, 84
The spec. requires that "Each contriner shall be conspicuously lal tied:

"'CAUTION-Avoid skin conttact or breathing of dust or fumes. Provide ade--
i q-ate ventilation."

Safety CG-sifications:
OSM: not listed
ICC: not listed

Fire ard Explosion Hazar., --

Heat of Combustion, cal./mole. Cp: 1909.6 88V16
Cv: 1908.3

""1ectrostat ic Sensitivity:
to color amoke mixtures

Use in Pyrotechnics: ""liow

Additi.rial Refereiicz -

1) "The Vapor Preý,sures and Heats of Sublir.iurun of p-Nitroaniline,
NN-Dimethyl-p-nitroaniline, p-aminoazobenzene and NN-Dimethyl-
p-ami..oaz benzene," T. G. Majury, Chem. & Ind. 1956, 349

2) 'The Dyeing of Cellulose Acetate with Non-Ionic Dyes. 11I. Dmeizkg
from the Vapour Phase," T. G. Majury, J. Soc. Dyers Colourisies 72, 41
(1956)
J3. S>•. Pr•-.," Colo:;risO, 70, 68-77 (1954)

1Z4
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2-(4-DIMETIIYLAMINO4ZOPTHENYL) NAPHTHALENE Refs.

(4-P-naphthaleneazodimethylaniline;
I?-nuphthaleneazo4-dimethylaniline;

N,N-Dimethyl-p-2-Naphthylazo Aniline)

Structural Formula: C18 11 1 7Ns

O-N:N-CQ N(CHa) 2

Specification No.: MIL-D-3613
Molecular Weight: 275.36
Crystalline Form:
Color: brownish-yellow
Denisity:
Coefficient of Thermal Expansion:
Heat of Formation:
Free Energy of Formation:
Entropy:
Melting Point: 4450K (1720C) Addnl. Ref. 1

447-K (1740C) Addni. Refs.
2,5

Heat of Fusion:
Boiling Point:
Tr•nsition Point:
Heat of SubliUmatcn.
Heat Content or Enthalpy:
Heat Capacity:
Decomposition femperat-rc
Deconý,osition Products:
Vapor Pressure:
X-Ray Crystallographic Data:

For Absorption Spectra s•e Addnl. Refs. 3, 4, 5
Hygroscopicity:
Solubility Data (g. to dissolve 1 g. dye):

In toluene or CC14 : 70 Addnl. Refs.
In benzene: soluble 2,3

Health Hazard:
Safety Classification:

OSM: not listed
ICC: not listed
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2-(4-dimethylaminoazophenyl) Naphthalene (page 2)

Fire ard Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnics: to color smoke mixtures

yellow
Additional References:

1) "Condensation of aromatic amines with nitranilines. Preparation of
azoamxne cumpounds," M. Martynoff, Compt. rend. 227, 1373 (1948)

2) "Zur Kentnisi der Diazoaminokorper," H. Goldschmidt and B. Bardach,
bser. 20, 386 (1928)

3) "Soene Azo Dyes in Non-Aqueous Solvents," C. May and H. Hunt, Ind.
Chem. 20, 386 (1928)

4) "Absorption spectra and structure of aminoazo derivatives," M. Marty-
noff, Compt. rend. 236, 88 (1953) ; "Physical Properties of the Aminoa-
zobenzene Dyes. Absorption Spectra in Acid Solution," E. Sawicki, J.
Org. Chem. 22,1084 (1957)

5) "Physical Properties of the Aminjazobenzene Dyes. IX. Absorption
Spectra in Alcol.ol and Acid Solution of Disazobenzene Dyes," E.
Sawicki, J. Org. Chem. 23, 532 (1958)

i
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DIPHENYLAM JNE Riefs.
(n-phenylnniline, Anilinobenzene)

Formula: (COHs) 2NH
Specification No.: JAN-D-98
Molecular Weignt: 169.22
Crystalline Form: monoclinic 1
Color: colorlesf ieafiets (daikens I

ou exposure 'i light)
Density, g./ml.: (solid) 1.159
Coefficie-it of Thermal Expai.sion:
Heat of Fornmation, Kcal./mole at l130C

at constant pressure: -2.2 Addnl. Ref. I
at constant volume: -31.7

Free Energy of Formation:
Entropy:
Melting Point: 3260K (5iWo%) 1
Heat of Fusion, cal. (15cC)/g.: 25.2 1
Boiling Point: 5750 K (3020C)
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature:
Decomp-osition Products:
Vapor Pressure:

Press. mm. 1 10 40 100 40C 760 M.P.
Temp. cC 108.3 157.0 194.3 222.8 274.1 302.0 52.9

X-Ray Crystallogrsphic Data:
SySerm. 'n b e Axial Angle Mcr'v-ules/Unit Cell

morviclinic 14,0 13.9 39.5 - 91030' 31"
Hygroscopicity:
Solubility Data (g./100 ml.)

In water at 250C: 0.030
In ethyl alcohol: about 44
In methyl aicoliol: 57.5
In ether: very muluble
In benzene and ligroin: slightly soluble

Health Hazard: Toxic on ingestion, inhalation, or akin absorption. Irriating 12,29
to the mucous membranes.
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Diphenylamiant (p pa, 2)

OSM: Listed as rubstantially inert. PresentJs no particular Lh-e or toxic
hazard as used in Ordnance establishments.

F Fire and Explosion Hfaard: Dangerous; when heated to decomposition emits 1Z
highly toxic fumes. Can react with oxidizing materials. Combustible.
To fight fire uae water, CO2 , dry chemicals, or GCI1. 67, 75

Heat of Combustion, Kcal./moie at 20cC and I atm. : 1536.2 1
Specific Heat, cal. (150) /g./oC, solid at 26"C,: M.R'T I

liquid at 531,C 0.464
Flash Point, IF (closed cup): 307 12, 67
Autoignition Temperature, IF: 846 12, 67
ElectrostatiC Sensitivity:
Use in Pyrotechnics: as a stabilizer for

nitrocellulose

Additional References:
1) L. M•aird, ••6m. ,.rtiWl-rie franc,, 28, 478 (1954)
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ETHYLCELLULOSE Refs.
(Cellulose Ethyl Ether)

Formula: [CoHio-xO5-x (OC2Hf) 1x],
where x = no. of (WCAHS) groups and n = degree of polymerization

Specification No.: MIL-E-10853BI The spec. covers 46.9-48.5% ethoxyl content or x - approximately 2.4-2.5,
and lists two classes which vary in viscosity, ethoxyl content, ash content,
and granulation: class I, 46.8-48.5% ; class II, 47.1-48.1%.

Molecular Weight: variable high
Crystalline Form: (specification) amor-

phous granules
Color: white
Density, g./ml.: (solid) 1.09-1.17 60
Coefficient of Thermal Expansion:
Hmat of Formation:
Free Energy of Formation:
Entropy:
Melting Point : 513 0 K + (240 + -C) 12

Ethyl cellulose with 48% ethoxyl content softens at 425-4350 K 69
(152-1620C)

Heat of Fusion:
Boiling Point:
Transition Point:

Second ordcr transition temperature, OC: 43 59
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature

For DTA and TGA see Ref. 83
Decomposition Products:
Vapor Pressurc:
X-Ray Crystallographic Data:
.Hygroscopicity:

$ Solubility Data (for 47% ethoxyl content): Soluble in ethyl acetate, ethylene, 29
dichloride, benzene, toluene, xylene, butyl acetate, acetone, methanol, etha-
nol and CC14 .

Health Hazard: none mentioned
Safety Classifications:

OSM: not listed
ICC: not listed

I1
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Ethyleellulose (page 2)

Fire and Explosion Hozard: Combustible when exposed to heat or flame by 12, 60
chemical reaction with oxidizing agents. Flammability varies with ethoxyl
content,
Ignition Temperature of Dust Cloud, oC: 320 26

Burning Behavior: First melts and drips and drippings continue to burn. The 60
flame is yellow with blue edges.

Commercial Types: A number of types of ethylcellulose are commercially avail- 69
able. These range from 44.5 to 49.0 + in ethoxyl content and from very
low to highly viscous materials (5% concentration from 3 to 5000 + centi-
poises)

Electrostatic Sensitivity, minimum energy required for ignition of dust cloud
by electric sparks (millijoules) : 10 26

Use in Pyrotechnics: as a binding agent and
retardant 1 7

Additional References:
1) "Cellulose and Cellulose Derivatives," E. Ott et al., Eds., Interscience

Publishers, Inc., New York (1954)

1SO
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FERRIC OXIDE, FeO,, Refs.

(Iron Ovide, Burned Ochre, Indian Red Rouge, 1, 11, 16, 29

Venetian Red, Red Chalk, R.d Earth, Red Hematite, Red Stone,
Persian Red, Persian Gulf Oxide, Colcothar, Iren Sesquioxide)

Percent Oxygen: 30.06
Specification No.: JAN-.I-706

The specification covers class 1, coarse, and class 2, fine.
Molecular Weight: 159.70
Crystalline Form: hexagonal I
Color: reddish-brown to black I
Density, g./ml.: (solid) 5.24
Coefficient of Thermal Expansion, linear: 7 X 10-6 54V13

cubic: 4 X 10-1
See also Addnl. Ref. 2

Heat of Formation, Kcal./mole: 196.5 1, 9
See Table a

Free Energy of Formation, Kcal./mole: -177.9 8, 9
See Table a

a. HEAT AND FREE ENERGY OF FORMATION OF Fe20 3 (hematite, 2l, v) 2

T, OK A H (cal./mole) A FO (cal./mole)

298.16 .... -196,800 (± 1300) -177,400 (± 1500)
400 ..... -196,400 -.170,800
500 ..... -195,800 -164,500
600 ..... -195,200 -158,300
700 ..... -194,500 -152,200
800 ..... -193,800 -146,200
900 ..... -.193,000 -140,300
950 ..... -192,800 -137,400
950 ..... -192,600 -137,400

1000 ..... -192,600 -134,500
1033 ..... -193,100 -132,600
1033 ..... -193,100 -132,600
1050 ..... -193,000 - 12 1,600
1050 ..... -193,000 -131,600
1100 ..... -193,000 -128,700
1179 ..... -193,000 -124,100
1179 ..... -193,400 -124,100
1200 ..... -193,300 -122,800
1300 ..... -193,000 -117,000
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Ferric Oxide, F'e2 O8 (page )

AT, K a H (cal./mole) A Fý` (cal./mele)

1400 -192,600 -111,100
1500 ..... -192,400 -105,300
1600 -192,100 --99,500
1674 .... -491,900 -95,200
1674 ..... -192,100 -95,200
1700 -.192,100 -98,70,)
1800 -191,700 -88,000

Phase Changes of Metal
T.P., 10330K; A H 0 (Curie point)
T.P., 11790 K; A H = 210 cal./g.-atom
T.P., 1674 0 K ; A H 110 cal./g.-atorn

Free Eneryy Eqcations: 2

Reaction Range of Validity, OK
1) 2Fe (a) + 3/20s (g) = Fe203 (hematite) 298.16-950

A F0 = - 200,000 - 13.84T log T - 1.45 (10- 3T
2) + 1.905 (105T-1) + 108.28T

2) 2Fe (a) + 3/2 02 (g) - Fe208 (CO) 950-1033
AF, -202,960 - 42.64T log T + 7.85 (10-8T 2 ) + .13 (105T-1) 4- 188.48T

3) 2Fe (ft) + 3/2 02 (g) = Fe208 (/3) 1033-1050
AF0= -196,760 - 10.27T log T + .75 (10--T 2) - .30 (105T-1) + 92.86T

4) 2Fe (p) + 3/2 02 (g) = Fe20 (W) 1050-1179
A F0 - 193,200- .39T log T-.13 (10-'T 2 ) -. 30 (105T-1) + 59.96T

5) 2Fe () + 3/2 02 (g) =-Fe20 (Y) 1179-16741
A F 202,540 - 25.95T log T 4- 2.87 (10-1"2)- ..30 (105T-1) + 142.85T

6) 2F4 (8) + 3/209 (g) -- Fe20s(3) 1674-1800
AFT -192,920 -. 85T log T-.13 (10-AT 2) -. 30 (1 Z)T-l) + 61.21T

Entropy, cal./deg./mole at 298.16 0 K: 21.5 9
See Table b

Melting Point: 1838 0 K (1565 0 C) 1
Heat of Fusion:
Boiling Point:
Heat of Vaporization:
Transition Point: a 950°1K 10500Ky
Heat of Transition, cal./mole: a to/3t 160; /to 0-- 14
Heat of Sublimation:

182

Downloaded from http://www.everyspec.com



Ferric Oxide, Fe2O0 (page 3)

b. HEAT CONTENT AND ENTROPY OF' Fe204(c)
(Base, a-crystals at 298.15 0 K)

T, -K HT -- H 2 9s.1,P ST - S298.15 T, oK HT - H 298 .1 5 Sr -S298.,15

cal./mole cal./deg. cal./mole cal./deg.
mole mole

400 ..... 2750 7.91 1050 (-y) . .. 25,820 41.31
500 5770 14.64 1100 ..... 27,500 42.87
600 9010 20.54 1200 ..... 30,870 45.80
700 ...... 12,460 25.85 1300 ..... ... 34,250 48.51
800 ..... ... 16,130 30.75 1400 ..... 37,650 51.03
900 ..... 20,030 35.34 1500 ..... ... 41,070 53.39
950 (a) . . . 22,060 37.54 1600 ..... 44,540 55.63
950 (p3) . . 22,220 37.71 1700 ..... ... 48,100 57.79

1000 ..... ... 24,020 39.55 1800 ..... 51,880 59.95
1050 (/p) ... 25,820 41.31

Fe20s ():
Enthalpy: Hr - H299.15 = 25.49T + 9.30 X 10-'T 2 + 3.55 X 105T-1 - 9021

(0.1 percent; 298-95011K)
Heat Capacity: Cp = 23.49 + 18.60 X 10-BT -3.55 x 105T-2

Fe 2O8 (8):
Enthalpy: H,- H298.15 = 36.OOT - 11,980 (0.1 percent; 950-10500 K)

Fe 203 (f):
Enthalpy: HT- 1293ý15 = 31.71T ± 0.88 X 10-3T2 - 8446

(0.1 percent; 1050-1800 0 K)
Heat Capacity: Cp = 31.71 + 1.76 X 11 -T

tIea-. Capacity, cai./deg./,nole: (solid) a =25.0 9
3 = 36.0 4

DecompositiLi Temperature, 0K: 1730 8
See also Ref. 54V13

Decoirnosition Products: (high temp.) FeCO 4 + 02 Addnl. Ref. 3
Vapor Pre.. .,ro- Difficult to vaporize. Contradictory data in the lilkrature. -i4V59B
X-Ray Crystallographic Data:

System Space Group a Axial Angle Molecules! I
(hematite) hexagonal D!, 5.42 a-- 55017' Unit Cell
(magnetic) cubic 8.30 2

Hygroscopicity"
Solubility Data: Insoluble in water; soluble in acids.
Health 1H azard- none teported 50V7

M.A.C., mg /m.A (ior fumes): 15 2
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Ferric Oxide, FeI-,0 3 (page 4)

.,tfety Classifications: none listed
Fire and Explosion Hazard: none listed

S'lectroatatic Sensitivity:
Use in Pyrotechnics: as an oxidizer

Additional References:
1) "Health Hazaids Associated with Welding," F. Hutchinson, Ifeating

and Ventilating 4.1, 73 (1944)
2) C.A. 45, 9978 (1951) refers to Proc. Indian Acad. Sci. 33A, 245-249

(1951) where data are given.
3) C.A.36,4400 (1942)
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FFTROSOFFIAIJC OXIDE, >i,,
(Iron (II, iii1' Oxide. iwik I'•, l * 'lan;iee, 'Triirýn Td "oxiie, ,

Magneti c Irom (x de ( i,, trot-., iodeszone)

Percent Oxygen: 27.64
Specification No.: JA N-1.275
"Molecular Weight: 231.55
Crystalline Form: kul'jic
Color: Slack to red-l -'1k 1
Density. g/ml..: (solid) 5.iS 1
Coefficient of Thermal Expansion, linear, 17--50rC(: 95.1 X 10 I 5.1VI3

(magnetite) cubic, 17--50(,C: 29 X 10
Heat of Formation, KeaL/mjne at 298°K: --267.0 1, 9

See Table a
Free Energý of Formation, Kcal./mole at 298WK' -242.4 1, 9

See Table a and Free Energy Equations
a. HEAT AND FREE ENERGY OF FORMATION OF FeO 4 (magnetite 1), 1)

T, -K 1 H (cal./mole) A FO (cal./moleW

298.16 . -267,800 (±-1000) -243,200 (4-L1200)
400 -267,200 -234,900
500 ..... -266,300 -226,900
600 -265,300 -219,106
700 -264,000 -2; 1,503
800 -262,300 -204,100
900 -260,500 -197,000
900 ... -260,500 -197,000

1000 -260,800 -189,900
1033 -261,700 -.1S7.600
1033 ..... -261,700 -187,600
1100 -261,700 -182,800
1179 -201,700 -177,106
1179 .-..- 262,300 -177,100
1200 -262,200 --175,600
1300 -261,700 -168,400
1400 -261,300 -161,200
1500 -261,000 -154,100
1600 -260,800 -147.000
1674 -260,700 -141,700
1674 -261,000 -141,700
1700 .... -261,100 -139,800
1800 --261,100 -132,760
1803. -261,100 -132,500
1803 -272,200 -132,500
I870 ... -272,200 -127,300
1870 -239,200 -- 17,300
1900 ..... -239,000 -1 5,8 0
2000 -238,200 --119,800
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Ferrosoferrie Oxide, Fe,-O4 (page 2)

Phase Changes of Metal
T.P., 1 9333,K ;A H = 0 (Curie point)
T.P., 11790 K ; 4 H = 210 cal./g.-atoin
T.P., 1674"K ; A H = 110 cal./g.-atom

M.P., 1803°K ; A H = 3700 cal./g.-atom
Free Energy Equations:

Rea.tion Range of Validity, OK 2
1) 3Fe (a) + 202 (g)== Fe3O4 (magnetite) 298.16-900

A F, =-268,310 + 5.87TlogT- 12.45 (10-3 T2 ) + .245 (10IT- 1) + 73.1IT
2) 3Fe (+) - 202 (g) = Fe.O. (,q) 900-1033

AF0.... 272,300 - 54.27T logT + 11.65 (10-3 T2 ) + .245 (10 5T-1) + 233.52T
3) 3Fe (B) 202 (g) = Fe3O4 (p) 1033-1179

AF, =- 262,990- 5.71T logT + 1.00 (10-a'12) -. 40 (10 2T1 ) + 89.19T
4) 3Fe (y) + 20!! (g) = Fe 304 (f) 1179-1674

5 5 = -276,990 - 44.05T log T + 5.50 (10-8T 2 ) -. 40 (10"T- 1 ) + 213.52T
5) 3Fe (a) + 202 (g) = F, 30 4 (P) 1674-1803

A Fo. =-- 262,560- 6.40T IogT + 1.00 (10-3T 2) -. 40 (105T-1) + 91,05T
6) 3Fe (1) 4- 202 (g) = Fe,0 4 (9) 1803-1874

AF0.- 275,?80- 8.74T logT + 1.00 (10- 3T 2) -. 40 (10 5T-1) --- 104.84T
7) 3Fe (i) + 202 (g) = Fe 3 O 4 (1) 1874-2000

T F =.-257,240 - 26.89T log T + 1.00 (10- 3T2 ) -. 40 (10 5T-') + 155.46

Entropy, cal./deg./mole at 298OK: 35.0 1, 9
See Table b

Melting Point: 1867, K (1594-C) 9
Heat of Fusion, cal./mole: 33,000 2, 9
Boiling Point: decomposes at

260 ± 300 K (1"C 8
Heat of Vaporization:
Transition Point: 9000K (6270C)

U -~ 4

Heat of Transition, cal./mote: 0.0
Heat of Sublimation:

b. HEAT CONTENT AND ENTROPY OF Fe.,O0(c) 4
(Base, a?-crystals at 298.15°K)

T, 0K 1 - H. ST -, r T, oK IT - H.,, S- -S.-_o,

cal./mole c11./deg. j ca.L/mole cal./deg.
mole mele

400 3990 11.418 1100 ...... 40,15,5 62.8 1
500 ..... 8320 21.12 !206 ..... .... 44,950 6C.99
600 ..... ... 13,GC-0 29.75 1309 ........ 49,750 7u.83
700 ...... 18,340 :37.88 1400 ........ 54,550 74.'9
800 2..... 2-1,260 .15.77 1500 ..... 59,350 77.70
D00 ( .) . . 30,550 53.18 1600 ..... 64,150 80.80
900 (f)) . . 30),5!0 53.1 !70( ..... ..... 68,950 83.71

10(0 ......... 3,.,350 58.2.1 1800 ...... 73,750 86.45
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Ferrosoferric Oxide, Fe3O 4 (page 3)

FeO, (a) :
Enthalpy: 11T- tt•alo s 21.88T + 24.10 X 10-1T 2 -8666

(0.5 percent; 298-9000 K)
Heat Capacity: C, = 21.88 - 48.20 X 10-8T

Fe3O4 (,)
Enthalpy: HT - H 298 .15 -- 48.00T -- 12,6Z0 (0.1 percent; 900-18000 K)
Heat Capacity, cal./deg./molc: (solid) fl, 48.00 4
Decomposition Temperature, OK 2060 ± 30 8

Stable at red heat. Begins to decompnse in a current of N at over 13000. 54
Decompfgition Products:
Vapor Pressure:
X-Ray Crystallographic Data:

System Space Group a Molecules/Unit CeN
cubic Og 8.37 8 1

Solubility Data: Slightly soluble in acid; insoluble in alcohol and ether. 50V7
Health Hazard: none reported

M.A.C., mg./an. 8 (for fumes): 15 25
Safety Classifications:
Fire and Explosion Hazard:
Electrostatic Sensitivity:
UJse in Pyrotechnics: as an oxidizer

Additional Reference:
1) "Health Hazards Associated with Welding," F. Hutchinson, Heating

and Ventilating41, 73 (1944)
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FERROUS SULFIDE, FeS Refs.
(Iron Monosulfide, Iron Proto-Sulfide, Pyrrhotite)

Specification No.: JAN-F-279
The spec. covers one grade and two classes. Class A requires a min. of
99.9% through a No. 100 Standard Sieve and Class B requires that the FeS
be furnished in pieces capable of passing through a sieve having openings
1-in, square.

Molecular Weight: 87.92
Crystalline Form: hexagonal 1
Color: black-brown (colorless 1, 79

when pure)
Density, g/ml.: (solid) 4.84 1
Coefficient of Thermal Expansion (pyrrhotite) at 40°C:

In direction of principal axis: .00000235 54
Perpendicular: .00003120

Heat of Formation, Kcal./mole at 2980K: (c) a, -22.72 1, 9
fi,-2L35 1, 9

Free Energy of Formation, Kcal./mole at 298OK: (c) a, -23.42 1, 9
Entropy, cal./deg./mole at 2980 K: 16.1 1, 9

See following table
Mdelting Point: 1468°K (11950C) 4,7
Heat of Fusion, cal./mole: fl, 5000 7

y, 7730 4
Poiling Point: decomposes 1
Transition Point: a441K L980 K
Heat of Transition, cal./mole: a 5700K ft 120'K 4

HEAT CONTENT AND ENTROPY OF FeS(c, 1) 4
(Base, a--crystals at 298.150 K)

T, oK HT - H 29 1,.I. ST - S298.15 T, 0 K HT - H 2 ",.I., S S2 - 15
cal./mole cal./deg. cal./mole cal./deg.

mole mole
350 ..... 710 2.19 1100 ..... 12,680 21.35
500 1470 4.21 1200 ..... 14,151) 22.63
411 (a).W . 1640 4.63 1300 15,686 23.86
411 (/3)... 2210 6.02 1400 17,260 25.03
500 3760 9.43 1468 (y) . . . 18,350 25.79

598 ,fl). i460 12.53 1468 (1) . . 26,080 31.05
598 (G).. 5580 12.73 1500 26,620 31.42
600 ..... 5610 12.79 1600 28,320 32.51
700 ..... 7020 14.96 1700 ..... 30,020 33.54
800 ..... 8430 16.84 1800 31,720 34.51
900 9840 18.50 1.00 33,420 35.43

1000 ..... 11,250 19.99 2000 ..... 35.120 36.31
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Ferrous Sul~de. Fe-S (page 2)
FeS (a):

Enthalpy: HT- H298.15 -- 5.19T + 13.20 X 103T 2-2721 (0.8 percent; 298-4110 K)
Heat Content: C, =- 5.19 + 26.40 >, 10-8T

FeS (p):
Enthalpy: HT - H, .15 17.40T- 4944 (0.1 percent; 411-5980 K)

FeS (y):
Enthalpy: IIT - H29.15 12.20T - 1.19 X 10-3T 2 - 2138 (0.3 percent; 598-14680 K)
Heat Content. C, , 12.20 + 2.38 X 10-3T

FeS (1):
Enthalpy: HT - Hns.15 - 11, .,OT + 1120 (0.1 percent; 1468-20000 K)
Heat Capacity, cal./deg./mole: (a) 13.1 (p) 17.4 4, 9

(liquid) 17.00
Decomposition Temperature: In a vacuum, dissociation starts at about 11000C 79V2

and is complete at 1600 0 C.
Decomposition Products- Fe + S
Vapor Pressure:
X-Ray Crystallographic Da a:

System Space Group a c Moteculek/Unit Cell
hexagonal C&v 3.43 5.79 2
Hygroscopicity:
Solubility Data: In water: .00062 g./100 ml. at 18CC. Soluble in acids with Ix3-

lution of H2S. Insoluble in ammonia.
Health Hazard: slight (ordinary temj., 12
Safety Classifications:

OSM: nt listed
ICC: not listed

Fire and Explosion Hazard: Dangerous when htated to decomposition, daa to 12
the highly toxic fumes of oxides of sulphur. On contact with moit acids
poisonous hydrogen sulphide cvolve. which can form cmplosive mmtures
with air. May react violently with powerful oxidizers.

TUse in Pyrotechnics: as a fuel

I.'
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GRAPIHTE Refs.

(Plumbago, Black Lead, Mineral Carbon,
Silver Lead, Carburet of Iron)

Graphite occurs naturally -s a mineral and is also made artificially by heat- 16, Addnl.
ing carbon, usually coat, in an electric furnace. Natural graphites are of three Ref. 1
general types: flake, crystalline (plumbago), and amorphous. The artificial
product 'a purer than the natural. Graphite is marketed in a number of grades
Lased on purity, electrical resistance, ard fineness. In an inert atmosphere
graphite can Le kept at 30001C without chanaf-, but in air combines with oxygen
above GW00C. The hardness of ratural graphite is less than that of talc, which
is I Qr, Moh's scale, Graphite is a good conductkr of heat and electricity.

Specfflcution No.: JAN-G-155
The spec. covers four grades: grades I ind 3 are manufactured; 2 and 4
are natural. They differ in purity, the nia'ural being less pure and contain-
ing up to 6% max. of silica vs. 0A. % for the m•at.factured material. Natural
grzphite is used in pyrotechn•,, -j.

Molecular Weight: 12.011
Crystalline Form: hexagonal 1
Color • black 1
Density, g./ml.: (solid) 2.25 1
Coefficient of Thermal Expansion, linear at 40°C: 7.86 X 10- 1, 63
Heat of Formattin, Kcal./mole at 298,K: (gas) -170.890 5
Free Energy of Formation. Ncal./mole at 2980 K: (gas) -160.040 5
Entropy, cal./deg./mole at 298°K: (gas) 37.76 3,4, 5

(solid) 1.37 5
See following table

Memuing Point: sublimes
Heat of Fusion, cal./moie: 8000 Addnl. Ref. 4
Boiling Point: 4000-K (3727-C) 5
Transition Point (sublimation temp.) 46200 K (43470C) 1
Heat of Sublimation, Kcal./mole, to ideal

monatomic gas: 170 5
to diatomic and trir nomic gas: 200

Heat Content or Enthalpy, cal./mole at 298OK: (solid) 251
See equation below table (gas, ideal)

monatomic, 1559 5
diatomic, 2096
triatomic, 2541

140
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Graphite (page 2)

HEAT CONTENT AND ENTROPY OF C (graphite)
(Base, crystals at 298.15 0 K) 4

T, HT -'H28.15 ST - S2.15 T, OK HT - H 29s.1 5  ST -S29s.15
cal./mole cal./deg, cal./mole cal./deg.

mole mole
400 ..... 250 0.72 1800 ..... 7330 7.78
500 570 1.43 1900 ..... 7920 8.10
600 ..... 950 2.12 2000 ..... 8530 8.41
700 1370 2.77 2100 ..... 9130 8.70
800 ..... 1830 3.38 2200 9740 8.99
900 ..... 2320 3.95 2300 10,350 9.26

1000 ..... 2820 4.48 2400 ..... 10,970 9.52
1100 ..... 3340 4.98 2500 11,600 9.78
1200 ..... 3880 5.45 2750 13,170 10.38
1300 ..... 4430 5.8f 3000 ..... 14,770 10.93
1400 ..... 4990 6.30 3250 ..... 16,390 11.45
1500 5560 6.70 3500 ..... 18,020 11.93
1600 ..... 6150 7.08 3750 ..... 19,660 12.39
1700 6740 7.44 400C ..... 21,310 12.81

C (graphite):
Enthalpy: HT - H 29 8. 15 0  4.03T + 0.57 X 10-0 r2 ±2.04 x 105T-1 - 1936

(3.0 percent; 298-25000 K)
Heat Capacity: C, -- 4.03 + 1.14 X 10-3T -2.04 X 106T-2

Heat Capacity, eal./deg./mole: (solid) 2.07 (gas) 4.98 4,5,9
SeL equation below table

Decomposition Temperature: --

Decomposition Products:
Vapor Pressure:

Prea. mm. 1 10 40 100 400 760 1
Temp. -• 3586 3046 4196 4373 4-4) 4827

X-Ray Crystallographic Data:
System Space Group a c Molecules/Unit Cell

hexagonal D6h 2.455 6.99 4 1
Hygroscopicity:
Solubility Data: Insolublt in water, acids and alkalies. Soluble in molten iron, 1
Health Hazard: Dust can irritate eyes. 12
Safety Classifications:

OSM: not listed
ICC: not listed

Fire and Explosion Hazard:

141
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4

Graphite (page 3)
Electrostatic Sensitivity:
Heat of Combustion, Kca!./g.: 7.900
Use in Pyrotechnics: as a lubricant; to improve

bonding under pressure
Additional References:

1) "Industrial Carbon." C. L. Mantell, D. Van Nostrand Co., Princeton,
N.J. (1946)

2) "The Specific Heat of Graphite from 130 to 300 0 K," W. De Sorbo and
W. W. Tyler, Chem. Physics 21, 1660 (1953) ; see also Ref. 63

3) Ref. 64
4) "Vapor Pressure and Heat of Vaporization of Graphite," A. L. Marshall

and F. J. Norton, J. Am. Chem. Soc. 55, 432 (1933)
5) For X-Ray structure see also "The Synthesis of Diamond," H. T. Hall,

J. Chem. Ed. 38, 484 (1961)
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GUM ARABIC Refs.
(Gum Preservative, Gum Acacia)

Gum arabic is the dried gummy extraction obtained from acacia trees. The 16, 23, 29, 61
gum is produced when the trees are in an unhealthy condition. Most of the gum
comes from the Sudan r.nd W est MA C:ica. Today tapping is widely used. The gum
exudes as droplets or "tears" wvhich gradually harden on exposure to the
atmosphere, These "tears" a- 0.75 to 3 in. in diameter. After the "tears" are
remaoved the tree continues to exude gum from the wound. For the better grndes
the cleaned gum is hand picked to remove extraneous material. Some gum is
bleached by exposure to the sun for several weeks. The gum is available in
several grades: natural, cieaned and sifted, bleached and dust.

In addition to the more common names of gum arabic, gum t.- servative,
and gum acacia, other names relating to the color or grade cr to the local area
are used so that there is a great deal of confusion concerning the relationship
among the name, the actual gum and the species of acacia from which the gum
is derived. As usually shipped the gum contains about 15% moisture. Its aqueous
soh tion is slightly acid.

Gum arabic has been used as an adhesive since ancient times. It is a good
emulsifying agent.

See also Addn]. Refs. 1,2,3

Specification: JJJ-G-821
Molecular Weight: Variable high; probably in tne range of 100,000 to 200,000.

See Structure below
Density, g./mL.: 1.3-1.4 1

1.35-1.49 29
Vapor Pressure:
X-Ray Crystallographic Data:
Hygroscopicity: Poor resistance to water. 29, 60
Solubility Data: Soluble in hot or cold water; oil and most organic sol ents; 1, 23,29

aqueous alcohol up to about 60% alcohol; glycerol and propylene glycol.
Safety Classifications:

OSM: not listed
ICC: not listed

Health Hazard: When injected intravenously may cause allergic reactions, kid- 29
ney and liver damage.

Fire and Explosion Hazard: combustible
Electrostatic Sensitivity:
Chemical Structure

Gum arabic from different sources contains the same sugars, but their pro-
portions vary considerably, as shown by the following table:
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Gum Arabic (page 2)
MOLAR RATIO OF CARBOHYDRATE COMPONENTS IN

VARIOUS ACACIA GUMS
Approximate Molar RPti.

D- D-Glucuronic
Gum Source Galactose L-Arabinose L-Rhamnose Acid

Gum arabic 3 3 1 1
Acacia mollissima 5 6 1 1
Acacia

cyanophylla 11 2 5 5
Acacia karroo 25 22 1 6
Acacia verek 4 2 1 1
Acacia pycnantha 65 27 2 4

A number of complex striictures have been proposed not only for gum from
different sources but also from the same source. Hydrolysis of gum arabic yields
four different sugars, as shown in the table above, which together make up the
basic gum arabic molecule. Because the proportions of these sugars vary with
the source of the gum, no single formula can have any real significance. The
following proposed strucn:ire indicates the complex nature of the gum:

PALP GALP 23

AS ARAI

0 Q)

GAGAL Pý-----GAP~ 9 ALP - GALP-

of a.0 ()00 1I
RHAP-- GALP RHAP'--GAL

ARSF: L - MATUAPVASE GA GA

*ALP x 0 -"L A,'r#1VhArO• •0
ARAF ARAF

PROPOSED STRUCTURE FOP, GUM ARABIC

Use in Pyrotechni.s: as a fuel, bonding agent,
adhesive, and retardant

Additional References:
1) Ref. 70
2) "Nitural Plant Hydrocolirids," Ind. & Eng. Chen., Eds., Advances in

Chemistry Series, No. 11, American Chemical S1cci('ty, Washington,
D.C. (1954)

3,A "The Structure of Acacia Sui.dra Gum-.-Part I. Nature of tne Sugars
Present And Structure of the Aldobiuronic A(.;d," S. Mukherje.- and
A. N. Shivastava. J. Am. Chem. Soc. 80, 2536 (1958)
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GUM TRACACANTH Refs.
Gur, trrlaciarth is the dried giimmy exudati obtained from several vanie- 23,29, 61, 70

~i'oz nf the shrub-like plants of the Astragalus family, which grow in theý semi- Addnl. Ref. 1
desert and mountainous areas of Turkey, Iran, and Syria. The gum exudesspontaneously and hardens on exposure to the air either in the form of ý"hort

r ' n. ,w; Žci wh~ch are flat, flexible and opaque, or in thick brittle flukes
in.), dependirg on the particular spe-Rei of plant. The supply is increased

by making inrisions in the Rhrubs. The gum is sortod into five gradea; tabe best
grades beiiig the 1ýrtftst c~olored of the lce ý-tL ribbons or ldiuesL f'ske'.

Che.-nicaiti', gum tragacanth is a complex minxture ý,f P0lY8AW'#"Pfides. On
hydrolysis D-galacturonic acid, D-galactose, L-fý. oy w, r , . ii 1-a..-akinose'
are obtained, Gum tragacanth is about 60 701j ii.u 1lsr, loat swells to
form a gel which is regarded as bassorin ('11,O~, lc water soiuble portionwhich gives a colloidal hydrosol with water i8 ev".;i t ragacanthi~n. It consists
of a ring of three molecules of giucoroxiie a6 :ýi" I molecule of arabinose with
a side chain of two molecules of Ar'" iae

Gum tragatanth in solution has the properties of a partially cuslne
nolymer, in that a small portion is s.oluble while the greater portion remains as
a swollen gel or gel-like dispersion. W*hen properly preserved, gum tragAcanth
forms stable solutions over long periods of time in either cold or warm 'iturage.

A study of the infrared spectra of a wide variety of gumbsitca wed that the
different samples of any one type of gum have essentially the;same type of spez-
trurin. Tragacanth shows a strong carbonyl absorption at about 5.75p~. The dif-
farences among the varions infrared spectra are sufficient~ly defioite to serve
as a means of identification and classification.

An analysis of a representative sample of gum tregacanth mhowh the fol-
lowing percentages:

Moisture 10 Ash 3 23
Starch 3 Tragacanth 70

ýsvvefiing part)
Cellulose 4 Araban 10

(soluble part)
Viscosity is lthe raost important property in evaluating gum tragacanth. 23

It is the most direct meas~ire of the uniformity and quaiity f the gamTo obtain
mnaxium viscosity, the goun is cr'uwhed and soaked overnight.. The dispel-Sion is'
the"n s'tirred for 15-310 minutes. For powdered gums, it is host to disperse the
guirs in small amounts of ethan 1 or glyc'erol before the additio 2 of water. Heat
is not recommended for faster dissolution or increased viscos~ty. Viscosity is 29
also decreased by adding acil, alkali, and NaCl.
Specification No. - TAN.-C-96
Solui'iiity Data,- Partly soluble it' water. Films cast from aqueous solutions of 23

gtum tragacanth are unaffecte by organic solvents such as acetzne, ethanol,CCL, xylene, and toluene. When painted with solutions of basic or vieutral
lead acetate, thjese films also becom~e insoluble in water.

Healt~h Il~aiard: Nontoxic. Used in pharmace 'tireal'mpounding. J~
Siafety Classificationn:

OSM: not listed
ICC:not haited

Fire and ExplIosion Hazard: coninustible
Use i yoetnc:fe;brin gr

Ldd itional Reference±s-
")"Natural Plunt llydroc~cloids," Ind. & Eiig (Them. Eids., Advances ir I

Chemistry Sei-ies No. 11, mniermita Chiemical Society, Washington, D.C.(1954)
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HIB XACHLOROBENZENE, CCI
(Percllorobe ene)

Specification N r.: JAN-H-267
Molmcular Weight: 284.8t
Crystalline Form: monoclinic or rhombic

prisrm ?
Color: colorless I
Dlnsity, g./nL: (sohd) 2.044 (rlomb.) 1
Coefficient of Th÷ imal EMpinsion. ---
Heat of Formation, K cal./mole at 259C: 3 + 3 0.2 Addnl. Ref. I
Free Energy of Formai../n, Kcai./mole at 2980K: + 3 ± 3 Addnl. Ref. 2
Entropy, cal./deg./mole at 298OK: 62.20 Adanl. Ref. 2
M*4ting Point: 5000K (2270C) 1
Heat of Fusion:
Boiling Point: 599-K (3U6 0 C) 1
'iTransition Point, rhombic to triclinie: 316.7eK (43.60C) Addnl. Ref. 3

trielinic to cubic: 3450K (720C) 76
Heat of Sublimation:
Heat Content or Enthalpy: -

Heat Capacity, cal./deg./moie at 2ý8K ; (solid) 48.11 Addnl. Ref. 2
Decomposition Temperature: For DTA see Adds&,. Ref. 4

Secompasition Products:
VWpor Pressure:

Press,. rm. 1 10 40 100 400 760 M.P.
Temp. C 114.. 166.4 206.0 235.5 288.5 309.4 230 1

X-Ray Crytallographic Data:
System Space Moleculesi

Group a b e Axial Angle Unit Cell
mopoclinic Ch, 8.07 3.84 16.61 8 - 116-52 21

8.10 3.86 16.68 S5
Hygrocopicity:
3olu-Titv ')eta., In water: insoluble 1

In alcohol: insucible cold, very
coluble hot

In benzene: soluble hotIn ethir: very slightly solubtz
HeAlth Hazard: May produce mild skin irritation on prolonged contat. OCV. 29, 14, 93

states that iK presents no partirular toxic hazard as used in Grcnance
establismunents. Soverly toxic on ingestion or inhalation.
M.A.C., -ng./m." . 0.5 17

14I6
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Hexuchlorobenzene, CeC60 (puge 2)

Safety Classificaions:
OSM: Inert and presents no particular fire hazard in Ordnance establish-

ments.
ICC: No shipping label required.
Manufacturing Chemists Assn. requires a warning label. 22

Fire and Explosion Hazard: Slight when exposed to heat or game. Flash point .12
4680F. Dangerous when heated to decomposition becausce of emission of
highly toxic fumes. To fight fire use CO 2, dry chemical, or carbon tetra-
chloride.

iat of Combustion, A 20 0 C and 1 atm., Kcal./mole.
(water liquid) , 509.0 1
250, <.1./g. (we , liquid) : 1995.3 Addnl. Ref. 1

EI ,ctrostati,- Sersitivity:
Use in PyrotechniL -, as a color intensifier 17

and chlorine donor in
white smokes

Additiopsi References:
1) "Aeats of Combustion of Some Organic Compounds Containing Ch~o-

rine," X. C. Sinke and D. R. Stull, J. Phys. Chem. 62, 397 (1958)
2) "The Heat Capacities of Hexachlorobenzene and Pentachlorophczrol

from 150 to 300 0K," D. L. Hildenbrand et al., J. Phys. Chem. 62, 958
(195")

3) "The Vapor Pressures, Latent Heat• of Sublimation and Transition
Points of Solid Hexachloroethaiie," K. J. Ivir and F. S. Dainton, Trans.

Faraday Soc. 43,32 (1947)
4) "Prc-Ignit'io and ignition Reactions of the Pyrotechnic System Zn -

Csrl, - KO1O," S. Gordon atic C, Cainpbel!, Reinhn-d Publishing Com-
pany, New York (1955)
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*EXACHLOROETHANE, CCI3 "CCI• Refs.
C m Hexachioride, Pere-Worethane Carbon Trichloride) 1,12.

Specif0mbon No.: JAN-H-235
ST"he spec. covers one gvade and two citsses: cJss a, unground, and class b,
ground.

Moiecular Weight: 9.26.76
Crystalline Form: rhombic, tablets from

alcuhol or ethber 1
rhombic, triclinic or cubic 12

Color: colorless to
yellowish-white 1

Density, g./mL.: (bolid) .091 1
"o•Aecient of Thermal Expansion:
heat of For-mation, keal./mole at 298OK: (gas) -48 9
Free Energy of Formation, Kca&./mole at 298OK:
Entropy. cal/deg.!mole ut 298OX: 91.97 A•.nl. Ref. 8

See table below
Melting Point: (sublimes)

186.6 0K (-86.50C) 12
Heat of Fusion, Kcal./moie: .
Boiling Point: (sublimes)

457.50K (184.40C) 9
Heat of VW.porization, cal./g.: approx. 4j 52V1
Transition Point: sublimes at

457.6 0 K (184.50C) 9
rhombic-+triclinic

48.60K (-229.5-C)
t-cinic-.cubic

72-K (-201-C)
Heat of Sublimation, Kcal./mole: 1•.2 9
Heat Content or Enthalpy:

See table below
Heat Capacity, cal./deg./mole: (solid) 41

See table below
ENTROPY, ENTHALPY, AND HEAT CAPACITY Addnl. Ref. 3
Temp. Entropy Enthalpy Heat Capacity

OX cl./deg./mole cal./mole cal./deg./mole
21j3.16 .1 . 9L91 0 3152
300 ..... 94.98 862 82.74
500 113.23 8052 ,38.32
800 132.02 20080 41.31

1000 ..... 141.33 28430 42.13
1200 149.06 36910 42.59
1500 ..... 158.061 49750 42.93
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lexachloroethane CCia"CCIf (page 2)'
Heat Capacity equation for the range 0-12001C:

C-C a- +b (t) - + 2) ±d (tP) (t== OK)a---31.820 ; b X 102 = 3"A396; c X 105 = 4.2031 ; d X 1.08 1.6198

Decomposition Temperature: For DTA and TGA see Ref. 33
Decomposition Products: Heated in a stream of air at about 550-600*C it is 50

completely converted to C2C14 and CCIj.
Vapor Pressnre:

Press. ram. 1 10 40 100 400 760 M.P.
Temp. OC 31.7 73.5 102.3 124.2 168.8 185.6 186.6

X-Ray Crystallographic Data:
System Space Group a b c Molecules/Unit CeU
rhomb. Ve 11.51 10.14 6.39 4
cubic 7.43 2

Hygroscopicity:
Solubility Data: In water: insoluble 1,29

In benzene, chlkroform, oilq: s.uble
In alcohol and ether: very soluble

Health Hazard: May be moderately irritating to the skin and mucous mem- 12,29,93
branes. In high concentrations it has a narcotic effect, and may damage
the liver and kidneyb. MLD, i.v. (in d&gs) 325 mg./kg. Has an odor similar
to that of camphor. Moderately toxic locally, on ingestion, and inhalation.

Safety Classifications:
OSM: Substantiaily inert and presents no particular fire or toxic hazard

as used in Ordnance establish-ments.
Fire and Explosion Hazards: Relatively inert, but when heated to decomposi- 12

tion it emits highly toxic fumes of chlorides. DAhalogenation by heating
with alkaiies and m-tals, produces explosive chloracetylenes.
Nonflammable 58V1

Electrostatic Sensitivity:
Heat of Combustion, Kcal./mole at 200C and 1 atm.: AtO.0 I
Triple Point, OC: 186.0 50V3, 54V3
Use in Pyrotecinics: as a chlorine carrier

for sc-eening smoke
compositions

Additional References: "
I) E. If. Wibenga, Zeit. anorg. Chem. 225, 33 (1935)
2) W. J. 11in ard F. S. Dainton, '.'rans. Faraday Soc. 43, 32 (1941)
3) "Thermodata for Petroi3um Chemicals," K. A. Kobe and R. H. Harri-

son, Petrol. Refiner 36, 155 (1957)
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INDANTHRENE GOLDEN YELLOW G.K. kepoe. name) Refs.
(HVT Golden Yellow; Indanthrene Golden Yellow GRAC-

dibenzo(ah)pyrene-7,14-dione; 3,4,8,9-dibenzopyrene.7,14-dione; 90, 48.
listed in the Ring Index as No. 3654,

t F u C.I. 59100, CI. Vat Yellow 4) 8
SStructural Formula:- C24H11202 84

10 0

'' 1
Specification No.: MIL-D-50029
Molecular Weight: 332.8
Crystalline Form:
Color: golden yellow 88V7 1i
Melting Point: 6580K (38500) 88V7 II
Solubility Data: I:, ilute NaOH, H2SO4 , quinoline, nitrobenzene, xylene, 38V7 II,

tetrahydronaphthalcne: soluble 43A
In acetone, benzene, chloroform, pyridine, toluene:

slightly soluble
Health Hazard: Some ,:•cyan indicated by the spec. requirement that "Each

container shall be conspicuously labeled: CAUTION-Avoid skin contact;
use with adequate verntil.'ticn!"

Use in P, roteehnics: to color smoke mixtures
yellow

150
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KEROSENE Refs.
(Keu- mine, Coal Gd!, Lamp O!l, Fue! Oil No. 1) 1, 11, 16

Kerc-ene is a varialbla mixture of petrol.im hydrocarbons, chiefly of the ,2, 16, 29, 53
meti~ane series, 10 to 16 oms of carbon per molecule.

ierosenr ,s the light oily liquid ob t-ined in the fractionation of petroleum.
It is the fraction wMch is obtanned by the overhead distillation of crude petro-
teum in the 1740 and 1 &"- range. It contains hydrocarbons in the range C10H"
to C.6Hx4. Some commercial kerosenes may include e'tillates up to 3250C and
a sjpecifie gravity as high as 0.850. In Pennsylvania, keAoasene is dtfieied as hav-
ing a flarh point ab'-ve 114 0F, Aiith not over 10% distillable at 175 0 and not
over 45% up te 2000C. A typical analysis of the kei ..iene from a midcontinent
crude includes n-dodecane, f alkyl derivatives of benzene, naphthalene, 1- and
2-methyi-5, 6,7, 8-tetrahydronaphtlhlene.

The fraction obtained by distillation is decolurized by washing with fuming 29
H2S0 4, followAed by treatment fith sodium plumbite solution and sulfur (Doctor
sweetening).

Specification No.: VV-K-211C
Normt]i Color and FKrm: pale yellow to white oily

liquid 1
Density, g./ml.: (liquid) at 60-F, 0.819 1
Coefficient of Thermal Eipension: --

Melting Point, ON: -76 .4
Boiling Point, OF: 410-572 14
Dl3eomposition Temperature:
Decomposition Product-:
-Sc•ubility bata,• In water: insoluble

With other petroleum solvents: miscible 29

ifealth Hazard: 'oxic when ingested or inhaled; causes local f Itation, drowsi- 12,29
ness, coll~pre and coma, -nd may damage tVe heart, liver, and kidneys.

Safety ulasificatiov-,:
Underwriters Laboratory Classification. 40 12
OSMa : "%ianable liquid

ICC: not listed
U.N. : irý-na-mable liquiW

The ICC does not 6.•ssify kerosen.t as a fiamma.ble liquid because tbeflap-
poiait is above the maximum for this elaesification.
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• ~~Fire and Expkosion E[btrd: Ig•,swhen exp•)fed to heat or flame. Can also
-e-plde in air. To flaht fire usemf~oa, 702, dry c oemical, CC14. 14

sh point: 10-65°F 75•"- •Autoignition temperatu"-ý," 490OF

-)50C 71
Explosive limits (%by vol. in air): lol6.0 26,7 5
Explosive limits in closed vessel: 0.7-5
M.A.C., parts per million in air for an &-hr. day: 500 14

Heat of Combustion (for kerosene with sp. gr. 0.819)
¢al.lg.: 11,006 71

Use in Pyrotechnics: To prevent dustU;, g in Green Smokt coupooition I and in
Vio!et Smoke composition II. See specifications MIL-STD-516 and 522.
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LACTOSE, C 2H,,Ol • H 20 (monohydrate) Refs.
(Milk Sugar, Sugar of Milk, Lactobiowe, Addnl. Ref. 1

D-Glueose 4-(P-D-Salactoside),
D-Glucose 4-(P-D-galaetopuranoelde),

4-(#-D-g aetioyl)-D-suceose,
4-(P-D-gaactopyrano.yl)-D-glueose)

Chemical Structure: Lactose consists of a glucose unit linked to a galactose unit.
Because the glucose unit may be in the form of a lactol ring, a and p forms
are possible. The two forms can be represented as follows:

N, ON Coil
]•ý cc-c-

The so f0l df f
C>A

ThIeodfrml ifr from the first only in that the second glucose
ring ha been turned through an angle of 1800. The glucose rings may •also have
the aldehyde structure. Both forms show mutarotation [']& = + 52.3.

The usual form is the a. By crystallizing solutiona of the a form above
93.50C, the .6 form is obtained.
Specification No.:MI-175
Molecular Weight: 360.81
Crystaqline Form: rhombic
Color: colorless1
Density, g./ml.: 1.525.1
Coefficient of Thermal Expansion:
Heat of Formation, cal./mole at 2980K: 9,0 dn.Rf

9•-lactose -583,800

Free Energy of Formation, cal./mole at 2980K:

ei-lactose. HtO -418,200 Addnl. Ref. 2
SEntropy, cal./deg./mole at 2980 K:

. -lactoae. H,O 99.1 Addnl. Ref. 2
p-lactose 92.3

Melting Point: 274.7'K (201 .60 C) for the anhydrous material when rapidly 1, 29
; heated. The monohydrate when heated loses water and becomes anhydrous
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J-

Ltese (pag 2) 2
Heat of Fusion:e
Boiling Point: decomposes
Transition Point: 366.6-K (93.5-C) Addnl. Ref. 3
Heat of Transition, cal./g.: a-anhydride top, + 1.0 Addnl. Ref. 3
Heat of Combustion, anhydrous, Kgocal./molN (H2 O liquid) at 200

and 1 i,.1n: 1350.8

MCLAL HEAT CAPACITY
T-K dkT.I T-K CP, cal.1 T, -K C" cal.

a-LACTOSE MONOHYDRATE
(wt. of sample in vacuo, 88.517 g.)

61.33 21.98 148.30 54.86 239.02 85.4965,15 23.63 156.90 57.62 246.02 87.94
e9.70 25.40 164.04 59.95 252.92 90.65
75.00 27.71 171.85 62.61 257.99 92.06
81.74 30.37 190.61 65.50 261.72 93.30
86.85 32.48 187.39 68.53 268.21 96.65
91.73 34.64 195.39 70.63 274.33 97.14
96.55 36.12 204.15 73.70 279.56 99.26

108.74 38.63 212.01 76.21 284.21 100.74
109.42 40.61 214.48 77.22 289.17 102.57
115.57 42.97 219.77 79.07 292.91 103.59
122.23 45.58 222.39 79.93 293.35 104.10
129.51 48.12 227.86 81.62 297I.42 105.06
140.75 52.11 231.69 82.65

p-LACTOSE
( 0 of sample in vacuo, 113.11 g.)

65.51 22.14 128.72 47.70 217.62 73.62
72.89 25.03 149.22 50.86 225.97 75.81
78.88 27.29 157.75 53.80 235.29 78.62
87.84 30.58 164.86 56.28 243.97 81.35
95.54 33.19 173.35 58.90 252.86 84.53

104.51 36.22 183.05 61.23 262.76 86.95
114.32 39.58 190.47 63.68 270.93 89.60
121.77 42.02 201.24 67.43 280.11 92.39
129.98 44.61 208.73 69.97 289.44 95.55

-Deeomposition Temperature:
Decomposition Products:
Vapor Pressure: decomposes
X-Ray Crystallographic Data: monoclinic system
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Lactose (page 3)

Hygroscopicity:
Equilibrium Relative Huwidity, % at 26tU: 98.3 Addnl. Ref, 5

Solubility Data: In cold water: 17 g./100 ml.:
In hot water: 40 g./100 ml.:
In alcohol: very slightly soluble
In chloroform and et,.cr: insoluble

SOLUBIL V !N WATER Addn]. Ref. 4

Temp. Initial Solubility Final Super
OC a p Solubility Solubility

0 5.0 45.1 11.9 25
26 12.6 - 21.6 60
Vb - - 31.5 74
74 34.4 - 8d.2
89 55.7 - 139.2

100 - 94.7 -

Health Hazard: nontoxic
used ir infant feeding 29, 93

Safety Classifications:
OSM: not listed
ICC: not listed

Fire and Explosion Hazard (dust ignited electrically in the presence of air): 86
Concn. Max. Press. Ave. Rate of Max. Rate of
mg./!. lbs./sq. in. Press. Rise Press. Rise

lbs./sq. in./sec. lbs./sq. in./sec.
100 12 89 177
500 22 32 168

Electrosiatic Sensitivity:
Apparent Dissociation Constants: Addnl. Ref. 4

First constant, literature values: 0.76-1.05 X 10-12
Second constant, literature values: 3.0-3.6 X 10-14
Third constant: 1.7 X 10-14
Fourth constant: 1.6 X 10-14

Use in Pyrotechnics: fuel, retardant, and in
tsmoke mixtures
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Luets.. (page 4)
Additional demeces:

1) "Organc Chmidatm, G. Hill And L. Kelley, The B:*ki~tou Company,
Philadel'ia, Pa. (1948)

2) -Heat Capacities ol Three, Disacchiridea," A. Ane -son and (a Steg-
m&a• J.Aa.Chem.Soc.S,21. (1941)

8) J.Am.Chem. Sc.SO,960-967 (V bO3)
4) "Lactose and Its Utilizatian, A Review," 10. 0. Whittier, J. Dairy

8ciee,^ 27,505 (1944)
5) CA.'51, 17846 (1957)
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laminmae 4116, a zpitr rdc muacue yAw cnCaai

Restisof hePlastics and Ptesins Division of Aaurican Cyanamid Co.

GrnrHltscale M-0
Bokilpoises 4-6
(BrokfeldModel EVF, riridel #1, 20 R.P.M.)

SPI time to peak temp., wdnJ.: 7%-9)
SPI peik exotherin, O:WJ ~ ~~(SPI = Soclety of Plastic lIndustrics Test RAWho~)
The curing of Laminae 4116 is grestly ap-eded by addiritn W& t

The cv'ring is done either at room tcxnperature or by heating. Rtoomn tem~perature
cuigagents are me',hylethylketane perox:de and cobelt naphtheijite, or ben-

zoyl peroxidde and Laminae Promoter 400.

GEL TIThE AT 77OF
(Mathylethylketone peroide (60% solution) as the catalyst)

%_Cbat__ _ _heat Getmite)
% catalyst _%_________(mintes

0.5 ~0.0 0-
0.5 0.1

2.0 0.0 40-50
2.0 0.2 10-15

GEL TIMES AT 7TF
(Benzoyl perc-xide (5>0% past.e) as the caialyst) ____

96, Qibplt Naphthenate Gel time
% zawyst 6___ 6r Cobalt metsd (minutes)___

101.0 125-19 -
2.0 2.0 504-410
4.0 4.0 5-10

157

Downloaded from http://www.everyspec.com



mI

JA.hIIS*C A116 #.rAge 2)
Heat Cure: Bocauase of the low reactivity 9f Laminae 4116, its cure nYay not be

complete vith room temperature cati•lysts, and heat may be required to
oiraqete the cure. Benzoyl peroxide alone mky be used to cure 4116 at

elevated tenperatures. Using 0.54-.05%, cure cycles may be less than 1
ininute at 260 OF for a section 1/16 in. thick to 10-12 minutes for thicker'
sections at 2060 Y.

Safty Clasuifi•tions: cOSM• classTSM; flammable liquid red label

Decompoiti~on Temperature: about 200°C
For TGA see Addnl. Ref. 5

Decomposition Products:

Hygrowsopicity (gain in mg./g. after exposure, at R.T. in itatic and vacuum
desiccators) :
I mninac 4116 Catalyzed with Lupersol DDM and Nuodex: 32

Time e5% RX.]. 75% R.H. 86% R.H. 93% R.H.
(days) Siat. Vac. Stat. Vac. Stat. Vac. Stat. Vac.

1 -R,6 1.5 5.2 3.5 6.5 <.1 3,5 3.0
"7 5,0 2.5 3.7 4.0 4.7 7.21, 2.5

30 0.3 1.0 2.0 1.6

Storage life of Lamirac Resins with and without Catalyst and Accelerator: Addnl. •ef. I
U~cataiyzed With cobalt, but With 0.004% cobalt

Temp. 0C (minimum) uncatalyzed (minimum) and 0.5% Lupersoi DDM
days days hours

25 90 90 3.5-4.0
52 18-21 18-21

As manufactured, Laminae resin contains 0.04% cobalt, as metal.

Additional References:
1) "Casting with Laminae Resins." Plastics and Resins Div., American

Cyanamid Co., Wallingford, Con'., cited by Ref. 73
2) For exotherm cures of Laminac 4116 with varying amounts of Lupersol

DDM and cobalt see Ref. 73
C) "The Kinetics of Thermal Degradatior of the Synthetic Styrcnated

Polyester, Laminac 4116," D. Anderson and E. Freeman, J. Appl. Poly-
mer Sc. 1, 192 (1959)

4) "Chamxcterization of Saturated Polyesters by Differential Thermal
Aralysis," D. Anderson and E. Freeman, Anal. Chem. 31, 1697 (1959)

5) "Pre-ignition and Ignition Reactiorns of the Propagatively Reacting Sys-
tem Magnen.ium-Sodium Nitrate.Larninac," V. Hogan and E. Gordon,
Combustion and Flame Y, No. 1, 3-12 (1959)
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LEAD CHffOMATE, PbCrO, Refs..
(Pale Chrome, Permanent Yellow, and Paria, L&ipzig,

King's, Colhgne, or Lemon Yellow Chrome) 1, 11, 12, 29

Percent Oxygen: 19.80
Specification No.: JAN-L-488
Molecular Weight: 323.22 1
Crystailine Form: monoclinic 1
Color: yellow or orange-yellow

powder
See also Ref. 54V11 I

Density, g./ml.: (solid) 6-$ 1
Coefficient of Thermal Expansion:
Heat of Formation, KcAl./mole at 298°K: (c)-217.7 9
Free Energy of Formatior, Kcal./mole at 2980K: -.203.6 86
Entropy, cal./deg./mole at 2980K: 36.5 86
Melting Point. 1117 0K (844 0 C) I
Heat of Fusion: not available 7
Boiling Point: eecomposes above its 1, b4V11

melting point and gives
"off oxygen

Transition Point, OK: (1) III980(c) II 10_56(c) I 9
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity, cal./deg./mole (be .ween 292 anz 3230 K) •

(est.) (solid) 29.i 4
Decomposition Temperature, OC: approx. 904 45

For DTA see Ref. 33
Decomposition Products. Becomes reddikh-brown at, 2500C. At high temper- 52V3

atures it fuses and finally evolves oxygen witi the formation of Cr 2O8 and
basic lead chromate.

Vapor Pressure:
X-Ray Cry allographic Data:

Mo'cc'uk/
System Space Group a b c Axial Angle Unit Cell

monoclinic Ch 6.82 7.48 7.16 8= 10033' 4 1
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Lad CLromaeate, IA'rOj (pare 2) .
HygTrocopicity (sipecification grade uaterial, after 216 hro. at 901F): I

R.H., W% 70 90 313
Gain, % 0.01 0.02 0.09

Solubility Dat In water at 2WCC .000(58 1,29
In acids asd alkali hydroxides: scoluble
In acetic acid, anfnonis: insoluble
In hot vater: insoluble

flent"h HazarC. Partakes of the poisonous nature of both lead and chromium 12
slts. Corieo•ve action on 'he skin, produces ulcers, and is a&aociated with
the formaion of cancers. Produces aaemia. Because of its low solubility,
;ts toxicity is less thMa mont other lead salts,
M.A.C., mg./m.* 0.1 14

Safty C!asifications:

OSM: C.ss 2, when not packed or stored in origim-1 shipping container.
Fire and Explosion Hazard: Moderate by cheatical reaction with reducing 12

ageaits. Dangerous when heated, ns it emits highly toxic fmnes of lead.
Electreb tic Sensiti'iy: •
Use ir. Pyrotechnics. As an oxidizing agent. Used in non.mseous o,,owders
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LEAD OXIDE, PbO Refs.
(Litharge, Massieot, Pinmbous Oxide, Lead Protoxide, 1,29

Letd Monoxide, Lead Oxide Yellow)

Massicot refers to the unfueId oxide and litharge, to the fised. Mode~n
usage ter-ds to the use of litharge for all varieties of P0b,
Specification No. (litharge, dry): MIL-L-1'4 .

Molecuiar Weight: 223.21
Crystafline Form (litharge) - tetrgornal--stable

at R•T.

(massicot): rhombic--stable,
3000C to M.P. 22

Color: yeilowIFor the effect of temp. Rep Ref. 52V7
* D n ritv. ./ml.: (Folid) alitharge. 9.63

$ n=Ssicot, 8.0 1
Coefcient of Thermal Exp,-nsion, cubic: 7.95 x " rG 5%V7

eat of Formation, Kcal./mole, at 298 0 K: red (c) -52.40 8, 9
yellow (c) -52.07

See Tablen a, b, c
*Tree Energy of Formation, Kcal./mole at 2980 K: red (c) -45.25

yellow (c) -45.05 1,8,3
See Tables a, b, c, and equations

a. HEAT AND FREE ENERGY OF FORMATION OF 2
PbO (red, yeiiow)

- T, oK A H (cal./mole) A F 0 (cal./mole)I

298.16. . .. -.52,450 (± 400) -45,250 (± 150)
400 ..... -52,250 -42,860
500 ...... -52,050 -40,500 _
S60 . -51,800 -38,200 I
600.5 . -51,800 -88,200

0oo.5 . . . -53,050 - o00
700 ..... -52,800 -35,750
"762 ..... -52,600 4-4,250
702 .... -52,350 -34,2W)

Phase Changes of Metal
M.P., 600.05K ; A H - 1225 cal./g.-atom

1t1
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Lead 'jude, hO(page 2)
b. FEAT AND FREO ENERK-Y OF FORMATION OF 2

PbO (yellow, 1, g)
----ir-- H (cal/mnoil. -i FO (/•ole)

-- 8 ...- 52,050 (± 300) -45,050 (-_ 150)
400 -51,900 -42,700
500 -51,750 -40,400
600 .. -51,550 -38,150
600.5 -51,550 --38,159
60).5 -52",800 .,9,150
700 .52,5c -25,750
800 -52,200 -83,350
900 -51,850 -31,000

1000 ..... -51,450 -28,750
1100 -51,000 -26,450
1159 ..... --50,700 -25,150
1159 ..... -47,900 -25,150
1200 ..... -47,700 -24,400
1300 ..... -47,250 -22,450
1400 ..... -46,750 -20,550
1600 ..... -46,250 -18,700
1600 ..... -45,750 -16,850
1700 -45,300 -15,100
17V5 ..... -45,100 -14,30C
1745 +5,700 -14,300

Phase Changes of Metal
M.P., 600.50 K ;& H = 1225 cal./g.-atom.

c. HEAT AND FREE ENERGY OF FORMATION OF PbO(g) 2
T, OK A H (cal./mole) a FO (cal./mole)

298.16 ... +10,100 (±1400) +5000 (±1Z,00)
400 ..... +9900 +3200
500 ..... +9-.00 +1600
600 ..... +9500 0
600.5 +9500 0
600.5 .... +8300 0
700 ..... +W)0 -1400
800 ..... +7800 -2700
900 ..... +7600 -4000

1000 ..... +7400 -5300
1100 ..... +7200 -0600
1200 ..... +7000 -7800
1300 ..... +6700 --9000
140 ..... +6500 -10,300
1.500 ..... +6300 -11,400
1600 ..... +6000 -12,600
1700 ..... +5800 -13,800
1800 ..... +5600 -15,000
1900 ..... +5809 -16,100
2000 ..... +5100 -17,200

Phase Ch&nges of Metal
M.P., 000.58K ; a H =- 11225 cal./g,-atom

Source of Data: Heat of formation at 17i450K derived from ,eat of forma-
tion and heat of vaporization of PbO (!) (see Table b)
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Lead Olfle, Pbk page 3)
Free E~nergy Equatior-ri:

Reaction Range of Validitv, 1K 2
11 Pb (c) +½Y 0 ;X)-- KO (-ed) 298.16-400.5

A FT - 52,800 - 2.76T log' - .80 10-') -0 (105T-') + 32.49T
2) Pb (1) 4- 1/j 0 (g) -=PbO (red) 600.5-762

a FR - 5,780- .51T lo -1.75 (10-IT2) -. 10 (1CIT-1) + 28.44T
3) Pb (c) + M2 02 (g)- PbO (yellow) 298.16-W00.5

AF) -52,040 +.81T log T - 2.00 (10-2T 2) -. 10 (105'P-) +22.13T

4) Pb (1) + Vs O (g) = PbO (yellow) 600.5-1159
SF ' = .- 5 3 , 2 0 0 -+ - 3 .0 6 T l o g T - 2 .9 5 ( 1 0 -3 T 2 ) - .1 0 ( 1 0 5 T -' ) + 1 8 .0 8 T

5) Pb (1) +-••t.0 (g)-== PbO (1) 1159-1745
AF = -53,980- ,2M94T og T -4-.25 (10-27) -. 10 (10T•T-) + 64.22T

6) Pb (c) + YJ O0 (g) = Pb (c) 0I ½ Oý 9g) 298.16-600.5
A F0 = + 10,270 + 1.9ITlogT + 1.08 (10-0') ±- .296 (105T-1) . 23.21T

7) Pb (1) + V 02 (g) = PbO (g) l00.5-20K
T F0 = + 9300 + 4.17T logT +J 1 (10-3V) + 2.95 (106T- 1 ) .4 71W.7

Entropy, cal./deg./mole at 298OK: (red) 15.9 2
(yellow) 1!.6 8

See Tables d, e, f; alo Addnl. Ref. 2
Melting Point" 11590K (886C) 2,9
Heat of Fusion, cal./mole A 298°K: 2800 2, 9
Bciling Point: 17"45-K ý1472 0C) 2, 8,'9
Heat of Vaporization. K-L&l./mole: 51 9
Transition Point (from red to yellow) 7620 K (4890C) 9
Heat of Transition, cal./mole: 290 2

See also Addnl. Ref. ?•
Heat of Sublimation:

d HEAT CONTENT AND ENTROPY OF PbO (y'Lilow, 1)
(tsse, crystfls a' 298.150K)

T , 6K H T - H 29s.15 S T - S 29%1.15 T , -K H- -T :- 11 '" .11 S - S 0". it
cal./mole cal./deg. cat./mole cal/deg

mcle mole
400 .... 1150 3.32 1100 ..... 1Ta,800 16.90
500 2340 5.97 1159 (c) . .. 11,720 17.7M
600 3600 8.%6 11.59 (1) . . . 18,720 23.a46
700 4920 10.30 1200 ..... 19,380 24.32
900 7760 13.86 1400 ..... 22,590 26.79

i000 9260 15.44 1500 ..... 24,180 27.89
i PbO (yellow)
Enthalpy: - HT 3a. 15  9.05T + 8.20 X 10-3T2 - 2983 (0.2 percent; 298 - 11159 0K)
HeatCapacity: C,-9.05 +6.40 X 10 8BT; aHiH5 . ({usion) ==7000

PbO (l)
S Enthalpy: HT - H1 .3 1 :-z 16.O0T + 180 (0.1 percent; 1159 - l0,bOK)
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Leed Oxide, PbO (page 4)
e. HEAT CONTENT AND ENTROPY OF PbO (red) 4

(Base, crystals at 298.15 0K)
T, -K HT - H,,1 .1 5  ST - S28.1 1 T, -K HT- 143.15 ST - S2 98. 15

cal./mole cal./deg. cal./mole cal./deg.
mole mole

400 1220 3.52 700 ..... 5060 10.65
500 2460 6.28 800 ..... 6420 12.46
600 3740 8,62 900 ..... 7820 14.11

PbO (red):
Enthalpy: H-- H2,8. ý5 = 10.60T + 2.00 X 10 -sT - 3338 (0.1 percent; 298-9000 K)
Heat Capaiity: C, =- 10.60 + 4.00 X 10-$T

f. HEAT CONTENT AND ENTROPY OF PbO (g) 4

T, -K 'HT - HUB, 15  ST- S298.15 T, oK HT - H2 08.1; ST 2-9. 15
zal./mole cal./deg. cal./mole cal./deg.

mole mole
40) ..... 810 2.34 1000 5950 10.14
500 1635 4.18 1200 . .. 7710 11.75
600 2480 5.72 1400 9480 13.11700 3340 7.04 1600 ..... 11,250 14.29
800 ..... 4205 8.20 1800 13,030 15.34
900 ..... 5075 9.22 2000 14,810 16.28

PbO (g) :
Enthalpy: HT - Hns.11, - 8.57T + 0.12 x 10-AT + 0.79 X 105T-1 - 2831

(0.2 percent; 298-23001K)
Heat Capacity: C, 8.57 + 0.24 X 10-3T - 0.79 X 105T-2PbO Wc :
Heat Capacity: C,= 12.70 + 7.80 X 10-3T (est.) (298--1000K)

Heat Capacity: C, 35.14 (2980 K)
Pb'O8 We

Heat Capacity: C, 25.74 (2980K)
See also Addnl. Ref. 2

Heat Ctpacity, cal./deg./mole at 298cK • (solid, yellow) 11.60 4, 9
•"(liquid) 16.00

See also Adc2nl. Ref. 2
d Decomposition Temperasture and Products : At 300-4500C, in air, it is converted 29, Addnl.
l• to MO.0, but at higher temperutures it is reeonverted to PbO. Ref. 1,

54V"'For DTA 1ee Ref. 3
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S Lead Oxide, PbO (page 5)
Vapor Pressu -:

kPress. Tmr. 1 10 40 100 400 760 M.P.
Temp. oC 948 1085 1189 1265 1402 1472 890

S~X-Ray Crystallographic Data:
Slystem 4azce Group , b e Moleculea/Unit Cell

tetragonal (red) Dh 8.98 - 4.01 2
rhombic (yellow) Vp 5.50 4.72 5.88 4

Hygroscopieity (Beker's reagent grade, after equilibrium was established in a 82vacuum desiccator, grin in ing./g. at R. T.)
______ 48 65 4 75 93

Time of '124 hrs. equil. 24 hra. equil. 24 bra. equil. 24 bra. Nuil. 24 ra. equil.
Exposure _ _7

Gain 1.8 2.6 12 3.9 4.7 3.8 6.6mg./g. ___1.8 __ 4.__ __ __.8__ __5._____. ___.4.__--

Critical R.H. at 250: 99.2%
Solubility Data: In water: .0017 g./100 g. at 200 1

In HNOS, alk. lead acetate, NH4C1, CaCI3 , SrCI2. and warm solutions of 29
fixed alkali hydroxides: soluble
In alcohol: insoluble 1

Health Hazard: More poisonous than metallic lead or most other lead com- 12,29
pounds. Avoid breathing dus.. Wear approved dust mask. Keep away fromfood or f"i products:
M.A.C., mg./m.s: 0.2 25

0.15 14
Safety Classificationn:

OSM: not listed
ICC:no shipping label required

Fire and Explosion Hazard : Dangerous. When heated emits highly toxic fumes. 12
Electrostatic Sensitivity :

Use in Pyrotechnics5

Additiinal References:
1) C.A. 52,6998 (1958)
2) "Low Temperature Heat Capacities and Entropies at 298.15 0 K of Lead

Sesquioxide and Red and Yellow Lead Monoxide," E. G. King. J. Am.
Chem. Soc. 80,2400 (1958)
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LEAD OXIDE (LEAD TETROXIDE), PbjO, Rfs. 29
(Minium, Red Lead, Mineral Oi. , Mineral Red,1,1,29

Plumbo, Puce, Orthoplumbate, Paris or Saturn Red)
Percent Oxygen: 9.38
Specification No.: TT-R-191b 4

The specification covers red lead for use in paints. Type I is dry, and has
three grades (85, 95, 97) indicating tVe minimtim % content of Pb,04 .
Type II paste in oil, grade 97.

Molecular Weight: 685.63
Crystal]ine Form: scales or amorphous

powder 1
Color: red 1

When heated becomes redder, then violet and black; on cooliag again 54V7
regains its scarlet red color.

Density, g./ml.: (solid) 9.1 1
Varies from 8.32 to 9.16 according Lo method of preparaton. 54V7

Coefficient of Thermal Expansion:
Heat of Formation, KcaL/rnole st 2980K: -175.6 1,8,9

See table below
Free Energy of Formation, Kcal./mole at 298OK: -147.6 1, 8, 9

See table below

HEAT AND FREE ENERGY OF FORMATION OF Pbs0 4 (c)

T, -K a H (cal./mole) A F0 (cal./mole)
298.16 .... -175,500 (± 4000) -147,500 (t 4500)
400 ......- 175,500 -138,000
500 ....... -75,000 -129,000
600 ......- 174,500 -119,500
600.5 .... -174,500 -119,500
609.5 .... -178,000 -119,500
700 -177,500 -110,000
800 -176,500 -100,500
900 ..... ,01'-90,0

1000 -173,500 -81,F 0
Phase Changes of Mete

M.P., 600.60K ; a H = 1225 cal./g.-atom
Free Energy Equations: 2

Reaction Range of Validity, OK
1) 3Pb (c) + 20, (g) •PbO, (c) 08.16-64..5

a FV -174,920 + 8.82T iog T - 8.20 (1G -1--) -. 40 (10vT-1) + 72.78T
2) 3Pb 0) +202 (g) - PbO 4 (c) 600.6-1000

AF• -- 177,860 - 15.59TlogT- 11.05(1 FIl) -40 (t0T-') ± 60.-FT
Entropy, cal./deg./mole at 298°K: 50.5 3, 9, 24
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Lead Oxide 1bsO% (page 2)
Melting Poirit decomposes at about

773 0K (5000C)
See Decomposition Temperature

Heat of R..sion:
Boiling Point
Transitkin Foint: 290-3200 C 390-420oC 530-5500 C Addnl. Ref. 2

Pb0 2 - ' Pb2O 3 Pb&04
PbO (yellow).

Heat of Sublimation.
Heat Content or Enthalpy:
Heat Capacity, cal./deg./mole at 298OK: (solid) 35.14 9
Decomposition Temperature and Products. Heated in air above 4500 C, it is 29, Addnl.

converted to PbO. About 5500. Ref. 1
Stable at 5300C. 54V7
For TGA see Ref. 45" Vapor Pressure :

Vapo Pre for Pb,04  ._ PbO (yellow" + V2 02
Press. mm. 8.4 3.04 76.0 155 1589 859 1045 54V7
Temp. 0 C 444.8 484.4 511.2 537.6 U98.3 600.7 607
or log 10 p... = 7.8595T-1 + 11.8976

X-Ray Crystallographic Data:
System Space Group a c Molecles/Und CdC

tetragonal V3 8.875 6.51 4 1,
Hygroscopicity (of reagent grade material after equilibrium was establishe-

in a vacuum desiccator) :

R.H.% 65 75 86 s3
Time of
Exposure 24 lirs. equil. 24 hrb. equil. 24 brs. equil. 24 hrs. equil.
Gain,
mg./g. 0.5 0.9* 0.2 0.1* 0.4 0.4* 0.8 0.6*

*after one week
Solubility Data : In water and alcohol: insoluble 1

In acetic acid, hot HCI soluble
Health Hazard: A cumulative poison that prcduces anemia aud lesions of ýhe 29, 14

kidneys, liver, nervous system, blood vessels, Rnd other tissues. The apecdi-

fication requires the following warning label: "Warning! Contains Lead
Oxide Hazardous Dust. Avoid breathing dust and fumes. After handling
or exposure do not eat or 3moke without washing tl'oroughll,. e with
adequate ventilation. Keep away from food or food products."
1I.A.C., mg./m.a: 0.2

0.156 14
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Leed Oxide, PbsO4 (page 3)
Safety Classifications:

OSM: class 2
ICC: oxidizing material

yellow label
Fire and Explosien Hazard: Dangerous because when it is heated it emits 12 -highly toxic fumes. It reacts with combwtible and reducing agents.

Electrostatic Sensitivivy:
Use in Pyrotechnics: as an oxidizer 17

Additional References:
1) C.A. 52, 6998 (1958)

I
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LEAD PEROXIDE, PbO, R-afcic (

(Lead Dioxide, Lead Sfiperoxide, Brown ,:a•'OlePlatitnerike) 1, 12, 29q•

Peicent Oxygen:
Specification No. : JAN-)-376

Molecular Weight: 239.21
Crystalline Form: tetragonal i
Color: brown
Density, g./ml.: i.solid) 9.375 Addrl. Ref. 3

(reguline at 200C) 9.36
Coefficient of Thermal Expansion, linear: 0s57 X 10- 54V7
Heat of Formation, Kcal./mole at 2980 K: (c)06.12 1,

See table below E
Free Energy of Formation, Kcal./mole at 298OK: -52.34 1,9

See table below
HEAT AND FREE ENERGY OF FORMATION OF Pb02 (c)

T, -K A H (cal./mole) a F0 (cýl./mole)
298.16 . 4-8,100 (± 1400) -52,800 (± 1200)
400 -5,900 -47,700
500 -45,700 -48,100
600 -65,500 38,600
600.5 .... -65,500 -38,600
6W0.5 .... -66,700 -- 8,600
700 -66,400 -34,000
800 ..... ,-66,000 -:9,400
900 -65,500 -2V,800

1000 -65,000 -20,300
1100 ..... --64,400 -15,900

Phase Changes of Metal
M.P., 600.5 0 K; A H = 1225 cal./g.-atom

Entro•y, rAl./deg./mclc at 298OK: 18.3 ± 0.5 3, 9
Melting Point: decomposes 1
Heat of Fusion:
Boiling Point:
Transi.tion. Point: See Lead Oxide (Lead Tetro-zide), Pb3O4
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity, cal./deg./mole at 2981K: (sohid) 15.4 9
Decomposition femperature, 1C. 290 1
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Lead Peroxide, PhO2 (page 2)
Decomposition Products: Evolves oxygen when he,,ted above 3000C, first form- 17V8. 29
ing PbA04 , and at high temperatures PbO. Addef.Ref. 5
Vapor Pressure:

Dissociation Pressure at 170C atm. 7.1 >( 10-12 54V7
X-Ray Crystaliogrmphic Data: 1

System Space Group a, C Moleftue/Unit Cell
tdag4onal D1h 4.97 3.40 2

Hygroscopicity (reag.nt grade material after equilibrium was established in 8 32
vacuum desiccator at R.T.):

R.H.; L 65 75 86 93
Time of
Exposure 24 hrs. equil. 124 hrs. cquil. 24 hrs. equil. 24 hrs. equil.
Gain,
mg°/g. 0.3 0.2* 0.2 0.2* 0.1 0.8 0.9

0.1 0.2 0.4 0.6 Q.• .03 0.3 0.0
*after one week

Solubility: In water and alcohol : insoluble 1
In dili HCI: soluble
In asetic acid: slightly soluble

Health Hazard: A cumulative poison. On ingestion or inhalrtion it produces 12, 17V8
anemia of the kidneys, liv,.r, gonads, nervous system, blood vessels, and
other tissues.
M.AoC., mg./mt: 0.2 25

0.15 14
Sfety Classifications:

OSM: Class 2 when not packed or stored in original containers or equivalent.
ICC: oxidizing material;

yellow label
Fire and Explosion Hazard: Dangerous because when heated to decomposition 12

it emits highly toxic fumes of lead. It reacts with reducing material.
Electrostatic Sensitivity:
Changes wider Heat and Oxygen Pressur&: Undcr 200 atmospher"s of oxygen, Addnl. Ret. 4

Fh0, is unstable to 360-365oC, 1ut then dissociaWes to form Pb7 01 which
i3 stable to 460-4700C when 't passes into Pb0 4.

Use in Pyrotechnics: as an oxidizer 17

Additional References:
1) "The Thermal Decrmnp.)sition of Lead m).oxide in Air," G. Butler and

J. Copp, J. Chen. Soe., 725 (1956)
2) "Structure and Equilibria of Le.d O)xides." ,,ee C.A. 42, 6689 (1948)
3) "'he Electrical Conducti,;ity ard Some Other Properties of Reguline

Lead Peroxide," W. Pa' maer, Z. Elektrochem 29, 415 (1923) ; C.A. 18,
616 (1924)

4) "A New Oxide of Lead," C. Holterman vnd P. Lafitte, Compt. rend.,
20,4, 813 (1927) ;C.A.31 5702 (i937}

5) C.A. j2, 6998 (1958)
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LEAD SESQUIOXIDE Refs.
(Lead (I11) Oxide, Lead (IL, IV) Oxide. Lead Trioxide 1, 5C

Plumbous Plumbate. Di-lead Trioxide)
Formula: Pb2O,

Pb2 08 ;s generally considered to he lead metaplumbate (PbO.PbO3) or a 52V7
coi•pound of PbO and PbO2 into which it is decomposed l)y acids.

Percent Oxygen: 110.38
Specification No. ; none
Molecular Weight: iG2A?
Crystrlie Form: monozliniutý r amorpshus 1

powder
Color: yellow to reddish-yellow 1
Density:
Coefficient of Thermal Expaasion:
Heat ot Formation:
Free Energy of Formation:
Entropy, cal./deg./moie at 298.15 0 K: 36.3 ± 0.7 Addnl. fRef. 1
Melting Point: dccGmposes about 1

6430 K (3700 C)
Heat of Fusiin:
Doiiing Point:
Tranaition Point: see Lead Oxide (Pb3O 4 )
Heat of Sublimation:
Heat Content or Enthalpy: --

Heat Capacity, cal./deginiole at 298°K: (solid) 25.74 4, Addni.
Ref. I

Decomttposition Temperature: At 360-4150 C it forms red lead with loss of 0. 54V7
At red heat yields PbO + 0.

Decomposition Products: Converted in air at 3700 C tu Pb3 O4 . 29
Vapor Pressure:
X-Ray Crystallographic Data:

Space Molecules/ 18
"System Group a b c Axial Angle Unit Cell

moroclinic C2 h2  7.050 5.616 3.865 f 80o6' 2
Hygroscopicity:
Solubility Data: Insoluble in cold water, decomposes in hot. Deconmpoecd by 1

conc. 1LCl or H2SO4 with the liberation of C- or 0 respectively. 29
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II

Lead Sequioxide (page 2)
'*A•th Hazerd: A cumulative poi.soa when ingested, inhaled, or absorbed. 12

M.A.C., mp./m.s; 0.2 25
Safety Classifications:

OM: Not lizted. Probably class 2 when not packed or stored in original
shippin, container or equivalert.
ICC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnie.: as an oxidizing vgent.

Additional References :
1) "Low Ten'~petature Heat Capacities and Entropies at 298.15 0 K ,of Lead

Sesquioxide and Red and Yellow Lead Monoxide," E. G. King, J. Am.
Chem. Sv. 80,2400 (1968)
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LINSEED OIL Refs.
(Bung Oil, Bung Hole Oil, Linum Usilatissimnmn)

Linseed oil is obtained by pressing the seeds of the flax plant. The com- 16, 29, 57
mercial oil is hot pressed. When fresh, the oil is yellowish with a peculiar odor Addnl. Pef. 3
and a bland taste; however, the hot pressed oil ha3 a bi÷ter taste. On exposure
to the air, the oil slowly oxidizes, becoming darker, mare viscous and acqmures
a st ronger taste and odor. Boiled linseed oil is prepared by heating with metallic
oxides, usually of lead or manganese (called driers). Such oil is -alle& bung oil
or bun!7 hole oil. The state law of Ohio define, linseed oi. as prepared pure
linseed oil heated to a temperature of 2250 F, incorporating not more than 4%
by weight of drier, and with a specific gravity it 60OF of not less than 0.935
and not greater than 0.945. The oil dries in air with a glassy appear-nce and
makes a hard yellowish film. The oxidized elastic solid is known as Iiinoxyn.

Linseed oil is a mixture of glycerides of higher fatty acids, both 3aturated
and unsaturated. Of these linoleic acid is about 48% and linolenic acid a;,u.'t
34%. Glycerides of stearic, palmitic, an I myristic acids are also prxent. Addnl.
Ref. 3 gives the following fatty acid analysis: 0.2 my-;-tic, 5.4 palmitic, 3.5
stearic, 0.6 arachidic, 9.6 oleic, 42.6 linoleic, 38.1 linol-nic.

Sp-cific~tior (for boiled linseed oil): T'.'--O--364
(for raw linseed oil): TT-O-349

Density, r./ml.: 0.980--0.938 1
Solidification Point, OC: -19 +> -27
Boiling Point: 616-K (3430C) 12

W8.7uK (015.60C)
(600-F) (7

Decompopition Temperature and Product-:-
Hygroscopicity: nonhygroscc pic
Solubility Data:

In alcohol: slightly soluble 29
With chloroform, ether, petroleum ether, CS2,
and oil of turpentine: miscible

Health Hazards : Slight. Boiled linseed oil contains a small amount of manganese 12
dioxide. Because of this, if it is splashed in the eyes, it will cause ixtreme
irritation. When handling keep linseed oi! away from fire or open flame.
Store it in a sealed container and away from oxidizing agents If linseed
oil has been splashed into the eyes, wash the eyes in a solution of one part
vinegar and four parts water hy volume. Send the victim to a physician
for examination and additioial treatment.

Safety Classifications:
OSM : Not classified, bAt U1sted as a lammnable liquid.
ICC: not listed

Fire und Explosion Hazard: Mainraable and ,ar. ignite spontaneously. To fight 26S, 67, 7G
tire use foam, CO,, dry chemial, or CCd.

Electrostatic Sensitivity.:
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Unmeed Oil (page 2)
Constarts for Linseed Oil (raw):

Maumen6 u•.mber: 103-126
A~ad value: 3-3.5
Ref ractve index, 14,j: L4797-1.4302
ReicherAMWisal rumber: 0.95
•t.saponiiied matter: 0.4-1.2
Saponificatien Ialue: 188-195
Wodine value: 175-202

Hehner's nu inber: 94.5--95.5
SIaph Point (closed cup) OF (iiterat, *e references ary).

(raw) from fto 468 12, k-
(boiled) from 378 tG 403

A•toignition Temperature, OF: 26, 67, 711
Literature rc& ..-,,ces give values ran ing frci i b50 v, 820.

Use in Pyiotechnics: a,• a binder, a retardant,
and io reduce
hygroscopicity

Additional References:
1)"The Chemical Constitution of Iatural Fats," " P. Hilditch, London

(1956)
2) "Veget able Fats rnd Oils," E. W. Fckey, P-'nho! a" Pub. Ccrp.. Ne.w York

(1954)
3) "Fats anu Oils," H. G. V I. 'henbauer, Reinhold Publishing Co., New

York (1944)
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LITHIUM, 11 Refs.

S3peciflcation No.:
Molecular Weight: 6.940
Crystalline Form" cubic 1
Color: silvery whiLe, yellows on 29

exposure to moist air
Density, g./ml.: (solid) 0.534 1
Coefficient of Thermal Expansion, linear, 0-950C: 56 X 10-6 27

cubic, 0-178°C: 170 X 10-6
Heat of Formation, Kcal./mole at 298°K: (gas) 37.07 1, 5
Free Energy of Formation, Kcal./mole at 2980 K: (gas) 29.19 1, 5
Entropy, cal./deg./mole at 298OK: (gas) 33.14 1, 5

See Tables a, b. and c
Melting Point: 726.8 0 K (453.700C) 4,5
Heat of Fusion, cal./mole: 722.8 5
Boiling Point: 1604-K ( JI3C) 5
Hcat of Vaporization, cal./mole: 32,190 5
Transition Point: (c) II -+ I 77°K (-196°C) 5, 41
Hieat of Sublimation, cal./mole at 298°K (monatomic gas) 38,440

(diatomic gas) 50,470 5
Heat Content or Enthalpy, cal./mole at 298 0 K: (solid) 1092

(diatomic gas) 2312 5
Set Tables a, b, and c

a. HEAT CONTENT AND ENTROPY OF Li (c, 1) 4
(Base, crystals at 298.15 0 K)

T, OK HT - Hs. is ST - S 268 .15  T, °K HT - H2 8.15 S,- Sm. i
cal./mole cal./deg. cal./mole cal./deg.

mole mole

350 315 0.97 900 ..... 4845 9.08
400 630 1.82 1000 ..... 5535 9.80
453.7 (c) . 1000 2.68 1100 ..... 6225 10.46
453.7 (1) 1715 4.26 1200 6910 11.06
500 2050 4.96 1300 ..... 7595 11.61
600 2765 6.26 1400 ..... 8280 12.12
700 3465 7.34 1500 8960 12.58
800 4155 8.27 1600 9645 13.03

Li (c)

Er thalpy: 'IT- H118.1- 1.64T + 5.55 X 10•T2 - 0.84 x 105TI - 701 (0.1 percent; 298-453.7"K)
Heat Capacity: C,-ý 1.64 + 11.10 x 10-3T + 0.8-4 X 101T 2; • H..u.? (fusion) 7--715
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SI~dU ium,, U (pap 2)

Li (1) : 4
Enthalpy: HT- Hm.j&=•6o78T-0.99 x 10vUI- -1143 (0.1 percent; 453.7 -16WIK)
Heat Capacity: C,= 6.78 + 0.99 X 10'4T-

b. HEAT CONTENT AND ENTROPY OF Li (g)-
(Base, ideal gas et 298.15 0 K)

T, -K HT- Hm,.Ig ST - Snw.ui T, -K HT - H22.15 ST - S298.is
cal./mole cal./deg. cal./raole cal./deg.

mole mole
"40 ..... 505 1.46 1900 7960 9.20
60 1005 2.57 2000 8460 9.46
6•0. 1500 3.48 2200 ..... 9460 9.94
700 1995 4.24 2400 10,460 10.37
800 .... 2495 4.90 2600 ..... 11,470 10.78
900 2990 5,49 2800 i2,495 11.16

1000 3490 6.01 3000 ..... 13,525 11.51
1100 3985 6.49 8500 16,190 12.33
1200 4480 6.92 4000 19,010 13.08
1130 4980 7.32 4500 22,030 13.80
1400 5475 7.69 5000 25,315 14.49
154$ 5975 8.03 6000 33,070 15.90
1600 6470 8.35 7000 43,240 17.46
1700 6965 8.C5 8000 56,510 19.23
1800 .... 7465 8.94

Li (g):
"Erthalpy: IJT - Hm.s = 4.9l' - 1482 (0.2 percent: 298-30000 K)

e. HEAT CONTENT AND ENTROPY OF LiU (g):
(Base, ideal gas at 298.15 0 K; ruol. wt., 13.88)

T, -K HT- 1123.16 S1 - 1 T, °IK HI - s S - S 1
cal./mole cal./deg. cal./mole cal./deg.

mole mole

400 .. 890 2.59 13)0 . .• 91!5 13.30
500. 1780 4.57 1400 ..... 10,050 14.00
600 ..... 2675 6.20 1500 ..... 10,985 14.64
700 ... 3580 7.61 1600 11,925 15.25
& 4490 8.81 1700 ..... 12ý865 15.82
SOO 5410 9.90 1800 ..... ',815 16.36

S1000..... 6330 10.87 19C0 14,'T70 16.88
1100 ..... 1250 11.74 2000 . 15,725 17.37
1200 ..... 8180 12.55
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I I
Uthium, LU (page 3)

Li, (g):
Enthalpy: H,-HUS.lS=8.93T + 0.16 X 10-8T2 +038 , 101T I - 2797

(0.1. percent; 298-20000 K)
Heat Capacity: C, = 8.43 + 0.82 X 104T- 0.36 X 105T-2

Heat Capacity, cal./deg./mole at 298OK: (solid) 5.91 .5
(gns, monatoinic) 4.97
(gas, diatomic) 8.62

d. HEAT CAPACITY OF' Li 5
Solid 298-453.70K
Liquid 153.7-1604 0 K
Gas (mon.) 1604--0000 K

T, 0 K C o (cal./deg./mole)
298 5,91400 6.5o
500 7.20
800 7.06
900 6.90

1200 6.87
1600 6.80
1700 4.97
2000 4.98
2400 5.08F800 5.18
3000 5.21

Decomposition Temperature:
Decomposition Products:i [ 'rapor Pressure

pPress. nun. 1 10 40 100 400 760 MP

Temp. OC 723 SA 1 1008 1097 1273 1 72 186

X-Ray Crystallographic Data:
System Space Group a Atoms/Unit CGe
cubic 0h 3.502 2

Hygroscopicity: Reacts with water; forms LIOH, evolves H,.
Solubility Data: In water: forms LiOU, evolves H,

I' alcohol: decomposes
in a"Ads: soluble, reacts andS~evolves H•
In liquid NHs: solubhe

H -llth Hazard: Will burn i i contact with .many substances, producing a caustic 12, 14
smoke which is toxic by inhalatior. Dangrerous when ingested or inri%),
mind produces painful burn- when in contact w-th the. skin,
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Lithium,, IA (pae 4,),

Safety Clawiflcitions:
OSM"l Not apecificaflly liatedt probably clsss 2 a3 powd' ,,l mrm'tal.IMC : arrinabik: Aid, yellow

label
Fire and Explosion Hazard: Dangerous ei ulosive hazard when expos.d to 14, 12, 14

heat, flame, or by chemical reaction with water, acids or oxidizers. On
burninv, it emits toxic fumes of LiO and LiOH. L6 birns in air with a
dazzling iright light. Keep the metal ..ubmerged in kerosene. Store ar.d
procem only in rooms or buildings adequately vennt.d at the higbest point
to prevent the accumulation of hydrogen gus which results from the reac-
tion with moisture. Suitable respiratory protective equipment aud self-
contained breathing apparatus should be usud where pe-mi~ible concen-
trations are likely to be exceeded. To fight fire, use speciai mixtures of dry
chemicals, soda ash, or graphite.

Autoignition Templrature, OF: 3912 12
Electrostatic Sensitivity:
Use in Pyrotechnics: Burns with a brilliant crimson to carmine-red color. 1,29

1"a
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LITHIUM NITRATE, LiNO, Refs.

Percent Oxygen: 69.62
Specification No.:
Molecular Weight*: 68.95
Crystalline Form: trigonal
Color: colorless
Density, g./ml.: (soaid) 2.38 1

(liquid) d = 1.924-.548 X 10-ItOC (M.P. to 5500C) 40V2
Coefficient of Thermal Expansion, at 2540 C

(molten', cubic: about 3.15 X 10-4 44V20
Heat of Formation, Kcal./mole at 298OK: (c)-11528 1, 9
Free Energy of Formation, Kcal./rnole at 298.16OK: -96.63 86
Entropy, cal./d&g.,/mole at 298.16 0 K: 38.4 86

See table below
Melting Point: 5250K (2520C) 4
Heat of Fusion, cal./mole. 6120 4
Boiling Point: decomposes
Transition Poin.:
Heat of Sublimation:

HE.,r CONT'ENT AND ENTROPY OF IiNO, (c, 1) 4
(Basp, crystals at 298.15 0 K)

T, -K HT - H2 98 ,1 ST - S298.15 T, cK HT - H29s.,r Sr - Bim. I
cal./mole cal./deg. cal./mide cal./deg.

mole mole

350 1120 3.50 525 (c, . . 5380 13.29
400 ..... 2280 6.5'% 525 (1) . . 11.500 24.95

50...........380 9.39 550 ...... 12,160 26.18
500 ....... 4730 12.03 600 ...... 13,490 28.49

SLiNOs (c)
Enthalpy: H•, H24g.16- 7 14.98T 4 10.60 X 10"P -5409 (0.1 percent; 298-525°K)
Heat Capacity: C --= 1-1.93 + 21.20 X 103T

LiNO n (!)
Enithalpy: U1T - H2.,., - 26.60T - 2470 (0 1 percent ; 525-600,K)
Heat Capacity, cal.ideg./mole: (liquid) 26.60 4
D(composition Teripcrature and Products: When heated, gives off oxygen then

a rixturc of -,týyge.n and nitrogen. 54V2
Foy DTrA and TGA see Re's. 33, 47

Vaipor Pressure.
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i ,, I

Li0atum Nitrate, UNO$ (page 2)

X-Ray Crystallographic Data:
System Space Group a Axial Angle Moleculee/Unit CeU 1.

hexagonal D8 5.74 a = 4803' 2
Solubility:

" In water (g.110 0 Tal.) - 52 cold, 66 at 71 0 C 1
In acetic acid: slightly so!uble

Hygroscopicity: Deliquescent. Caution: Keep in closed containers. 29
Health Hazard: Large amounts taken by mouth may be fatal. 12
Safety Classifica.ions:

OSM: Clans 1. Class 2 when not packed or stored in original shipping con-
tainors or equivalent.

ICC: oxidizing material
Fire and Explosion H&zard: A vgorous oxidixing agent, May explode when

hetted withi a fuel, or when exposed to heat or by shock. On decomposition
it emits toxic fumes.

Electrostatic Sensitivity:
Use in Pyrotechnics: as an oxidizer; to color 17

burning compositions
red

•o !
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LITHIUM PERCHLORATE, ICIO,, Refs.

Percent Oxygen: 60.15
Specification No.: none
Molecular Weight: 106.40
Crystalline Form: no regular form

recognirable 44V23
Color: colorless I
Density, g./ml.: (solid) 2.429 1,65
Coefficient of Thermal Expansion:
Heat uf Formation, Kcal./mole at 298 0 K: -91.77 72
Free Energy of Formation:
Entropy:
Melting Point: 509-K (236-C) 9

520-K (247-C) Addnl. Ref. 1
Values vary from < 300 to 4100C, nith decomposition. 65

Boilrig Point- decomposes at
653-K 0380C) I

Transition Point:
Heat of Suhhmation: -

Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperatuxe, OC: 380 1

For IY' A and TGA see Refs. 33, 47
Decomposition Products: LiC! + 02 29
Decomposition: Does not begin to show an appreciable decomposition rate until 72

the termperature is raised to over 400°C.
There is an endothermic break at 6100C, corresponding closely to the melt- Addnl. Ref. 1
ing point of Li'•, (6141,C). At ab'vt 4Li&C LiCIO, begins to undergo
appreciabi.e io,. The temperatt-re interva; between salt fusion and onsetSof rapid decompositin,. is from 247 to about 502 0 C, or approximately a
range of 255•CC:

1XC"O4 " H20 loses H20 "t 1460C Addnl. Fef.!
The pure anhydrous salt can be heated to at least 300cC without decompo- 52V7
sition, but ordinary samples decompose at lower temperature to chloride
and oxygen owing to the catalytic effect of dust and atmospheric impurities.

Vapor Pressure:
X-Ray Crystallographic Data for LiCIO43H.O3 .2:

Sy'stem Space Group a C
Dexagonal C 4, 7.71 5.42

Hygroscocicity : deliquescent 1
Sclubility Dnta : In water (g.,1100 g.) •59.7 at 2511C1
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IdthluW Porkorste, IAC1O 4 (page 2)
Solubility in Nonaqueous Solvents at 250C 65,72,77

Solvent #./1O0 g. of S.eit
acetone !36.5
ethyl acetate 95.2
ethyl ether 113.7
methyl alcohol 182
ethyl alcohol 151.8

Health Hazard: May irritate the skin and mucous membranes. Lithium salts 29,65
are rated moderately toxic. They affect the nervous systems, and can cause
death.

Safety Classifications:
OSK: Class 1. Class 2 when tot stored in original shipping containers or

equivalent.
ICC: Oxidizing material; yellow label. Classed under "Explosives and

Other Dangerous Articles."
Fire and Explo3ion Hazard: A powerful oxidizer, can cause fires by chem ical 12reaction, sknd forms explosive mixtures with carbonaceous materials (orfinely divided metals, sulphur, powdered magaiesium or aluminum. Explodes

on shock or by chemical reaction.
S~Eiectr-citntie ,•nnqitivity :

Use in Pyrote-chnics: as an oxidizer; to color
burning compositions red

Additional References:
1) "The Differential Thermal Analysis of Perchlorates. I1. The System

LiCl0 4 - LiCO,," M. M. Markowitz, J. Phys. Chem. 62, 827 (1958)
2) "Precise Studies of the Crystal Structures of Lithium Perc~lorate Tri-

hydrate, Anhydrous Lithium Perchkorate, and Potassium Perchlorate,"
R. J. Prosen and K. N. Trueblood, Perchlcrates TN-2, OSR TN 56-563,
A STIA Document No. AD10-t384 (1956)
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LUPERSOL DDM Refs.

Lupersol DDM is a proprietary mixture of 60% methylethylketolwe
peroxide in dibutylphthalate, marketed by the Luckdol Div., Wallace and Tiernan,
Inc., Buffalo, New York. The following dat except where otherwise indicated,
are from the Lucidol Div., Wallace and fiernan.

The structute of methylethylketone peroxide is" Addnl. Ref. 2
CH, CH, (H, CH,

or J~ 2 ~-OO~CH
-u ~ 0-0-41 0 -0- H

The market product has about 11% active oxyger.
Stability: Lupersol loses about 7% of its peroxide content after 12 months of Addnl. Ref. 1

storage at ambient temperatures (20-80c F).

DECOMPOSITION KINETICS Addnl. Ref. 2

"Active Conc. g. moles Temp. Half Life First Order E (Activation
% peroxide (-0-0-) /1. OC t V2 in hrs. Rate k./hr. Energy)

Kcal./mole
11 0.2 85 81.2 0.00854
at start 100 16.2 0.0428

115 3.6 0.193 28.5
145 0.25 2.77

DECOMPOSITION TEMPERATURES IN BENZENES AT Addnl. Ref. 2
SELECTED HALF LIFE VALUES

Time I min. 10 hrs. 100 -rs.
Temp. CO 182 105 83

Solubility D&ra: Soluble in most synthetic resin monomers.
Health Hazard: Highly toxic by ingestion. 12
Safety Classifications:

OSM: Not specifically listed but peroxides are in class 1 when stored in
original shipping containers, and in class 2 when not in original
shipping containers or the equivalent.

ICC: Not specifically listed, but organic peroxides not otherwise spe .i-
fled are classed as flammable liquids and as oxidizing materials
under "Explosives and Other Dangerous Articles."

Fire and Explosion Hazard: Methylethylketone peroxide alone is shock sensi- 12, Addnl.
tive. To rcduce the semisitivity to shock, it is diluted with dibutylphthalate Ref. 3
and *s then acceptable for shipment. The peroxide may exist in several
different structures, some 3f whieb are extremely shock sensitive even ii,
60% solution. The solution may thus be a hazard. Lul.arsol DDM will do-
cimposc rapidly at 125r-C. The solution has a f~s. pjint (open cup) above
450C and burns like gasollnt when ignited. Luperscl DI)M is widely used
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I I Ii MO il)NI 2.i~

aa a ri wnl i1(rtj I':LhII'VC ;I(tfallX t Witil cobalt 01a lihe7t i l 0-iii 1i iItLllK
drii'r as tpe acl-c!ilt~ir. mixt.11el of the I1w PC Tijdv andi acclei-atir V~ilI
conlposi explos i vely aod the Iwo i[)s hould wi It ')(' b rou git into Ii ri' coltCal t.i
As at powerful oxid i~in aren Lgt, the perox ide cail re)act. x'ivorouslY withI
reducing n'IAterials.

Storago 1'recut ions: Store iii an iselated buiildin~g with ito oth''r i~ype

Dipslof Lupersol DDM :Burning, the preferred inethod, or chemnical xI Ydr Addnl Pý4
lysis.
Burning Method: Pour material to be destroyed into shallow trench.irnite
wýith a wadded gasoline soaked rag tied to thie end of a 6-ft. stedl rod. Bomibg
will he rap~id hut not violent.
Chemical Hydrolysis Method: Slowly add peroxide solution to 10 tim-es
its weight of 20%,; NaOH solutiou with constant stirring. The reaction is
exothermic. Decomposition shall be complete in 24 hours, and is confirmedl
when an acidified sample of the alkaline reaction mixtuire does not liberate
iodine f rom an acetone solution of Nal.

Electrostatic Sensitivity:--
Use in Pyrotechnics: Usually with cobalt raphthenate (g~v.) '.o cure Lnrrinac

4116 (see PA-P[)-594),

Additional References:
1) Chem. Eiig. Nevs (Dec,.7, 1959) (Wallace and riernan advertisement).
2'; "The Evaluation of' Organic Peroxide,, on the Basis of Half Life Data,"

D. Doehnert and 0. Mageli, Modern Plastics 36, 142 (1959)
3) "The Use of Organic Peroxides," C. H. Rybclt, paper presented,4,t the

11th meeting of The Reinforced Plastics Division, .. IAtlartic City,
New Jersey (I'956)

4) For use with Laminac 4116. see Ref. 73
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MMA;fNEM.lrU , M-Plgs

I
;•3 e( i(~o~ \t on No ,JAN-M-38$,2

The slocilicaf ion covero three types. Types I and 1i must b;e niua,;IIAtu red
hy g rinding, stampi ig, t urning, or any combination ('thefe. mithods which
will ywhl a suitio,)i product. Type 11 must be mallaifaetured by the utomiiz-

ingr process. Type i i-, divided into two grades which differ in. purity. Type
1, gtrade A, and types I1 and III all have the same purity requiremnwts.
Grade B is ordinarily manufactured from scrap.

Alolcc ular- Weigh't : 24,32

Crystailine Form . hexagonal 1
C'oke'..- silvery white !
Density, g.!uil. :14 1
Co.,fficient of Thermal Expansion at ... 210- c : 2k) X 10

Temp. °C (Coeff.
-1i83 to +15 21.40 X 10 6

20-200 279 X 10 0
20-500 2 x.8 > 10-11

Heat of Formation, Kcah./mole at 298°K: (gas) -3b.6 5
Free Energy of Formation, Kcal./mole at 2980K: (gas) -27,.31 5
Entropy, cal./deg./mole at 2980K: NC) 7.ýl

(gas) 35.51 5
See Tables a and b 5

Meiting Point: 923°K (6uC0C°) 5,7
Heat of Fusion, cal./mole: 2140 4,5
Boilin~g Point. 13900K (1117oC~I
Heat of Vaporization, cal./mole: 30,750 5
Transition Point.
tiea1 of St'blin-aton, cai./mole at 2980 K ,;5,(600 5
Heat Content or Fnthalpy, cal./mole at 298°K: 1195 5

a. HEAT CONTENT AND ENTROPY OF Mg (c, 1) ,1
(Base, ideal gas at298.150 K)

T, °K HT - H29-.15 ST - T, -K HT - H; .,, ST - S298.15
cal./mole cal./deg. cal./niole cal./deg.

mole mole
400 ... 615 1.78 923 (1) . . 6415 9.86
500 ..... 1255 3.20 1000 7020 10.48
600 1920 4.41 1100 7800 Il ,23
700 ..... 2610 5.48 1200 8580 '1.91
800 ..... 3330 6.44 1300 9360 12.53
900 ..... 4095 7.34 1400. 10,140 13.11
923 () . . . 4275 7T54 i

Mg (c)
Enthalpy: HT- H1z1 ,'r--=4.97T + 1.52 X 10 3T2- 0.04 x 105T-1 - 1604 (0.2 percent; 298-9230K)
Heat Capacity: C, =- 4.97 -4 3.04 X 10-3T 4- 0.04 X 105T 2
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magneiinl, Mg (lar'ýe 2)

Mg (1):
Enthalpy : f,,-- 11299 7.1(5'J7 -0 780 (0.1 pecceit, 923-1400"E t

b. HEAT CONTENT AND ENTROPY OF Mg (gas) 4
(Base, ideal gas at 298.15,EK)

S-- 129R.1 ,nST -- F, "29 .1, -- [ ,i. ,
cal./mole cal./deg. cal./imole cal./deg.

mole mole
400 ..... 505 1.A6 1900 7960 9.20
500 1005 2.57 2000 84155 9.46
600 1500 3.46 2200 9450 9.93
700 199r 4.24 2400 10.445 10.36
800 2,195 4.90 2600 .... 11,440 10.76
-0 . 2990 5.49 28(0 ..... 12A440 11. 12

1000 3490 6.01. 3000 ...... 13,440 11.48i ~ 11,00 ,(, Q n' 0.. _ no~

11010 300 . . . . 15,980 12.26
12V0 4 " ..... 18,610 12.96
1300 4980 7.32 4500 21,400 13.62
1400 5475 7.69 5000 ..... 24,410 14.25
1500 5970 8.03 6000 ..... 31,355 15.52
1600 6470 8.35 700o ..... 39,955 16.84
1700 6965 8.65 8000 50,805 18.28
1800 '7465 8.93

MR (g)
Enthalpy: - HTo8.1• = 4.97T - 1482 (0.2 percent ; 298-35000 K) 4
Heat Capacity, cL.iideg./mole at 298OK: (solid) 5.96 4, 5

(liquid) 7.80
(gas) 4.97

c. HEAT CAPACITY OF Mg 5
Solid 298-9230 K

Liquid ý23-13900 K
Gas (mon) 1390-30000K

T, -K C. (cal./deg./mole)
298 5.96
400 6.24
600 6.76
800 7.42
900 7.81

1000 7.88
1100 8.14
1200 8.40
1300 8.66
1400 to
2400 4.97
2500 4.98
3000 5.02
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N'Llg.•ieivl,n Mg (pimge 3.)

P ucol')IIptI|oSlIl (ig r1,j'at, Ct, a, Prl•cl'fl)(~tts

For TG(A -se Addnl. Rel. 7
For TGA anud I)TA s,, also Iet', ":8

Vapor Pressurv.

Pr .... mm. W 0 40 100 40( '160 M.P+
Temp. OC 621 74. 838 909 1034 1107 651

X-Ray Crystallographic 1)ata:

Systern Space (romup a. c Atoms/Unii Cell
hexagonal D,;h 3.203 5.196 2 1

Hygroscopicity: slowly oxidizes in moist air 29, 33, 50

R.H. at 70cF 'Jlile 0,, Eorxpsute, hrs. Gain in weight, %
material 50 216 0.06
(see Spec. 70 216 0.22
grades) 90 168 0.62

Solubility Data: Insoluble in cold watci-; slightly soluble in hot; decomposing 1.29
to Mg (0H)2. Soluble in mineral acids (except CrO3 ), cone. HF, NH, salts.
Insoluble in alkalies. Reacts readily with dilute acids with evolution of
hydrogen.

Health Hazard: Slightly to moderately toxic. Particles which perforqte tf- 06in 9I , 12, 25, 29
may produce severe local tumors characterized by the formation of pockets
of gas and acute inflammatory reaction, frequently with necrosis (chemical
gas gangrene). Inhalation of fumes or dust may irritate the respiratory
tract.
M.A.G.: 10 pts. per million in air and 15 mg./m.3 of fumes as MgO. 14

Safety Classifications:
OSM: Class 1; class 2 when not stored in original shipping containers or

equivalent.
ICC: Magnesium scý-ap (shavings, borings or turnings) is classed as a

flammable solia ; yellow label.
Fi-e and Explosion Hazard: Contact with water may cause ignition of pow- 1 12, 14, 49,51

dered magnesium evolution of hydrogen, and explosion. Dangerous in the
form of dust or flakes when exposed to flame or by chemical action with an
oxidizing agent. Finely divided magnesium can be ignited by a spark or
match flame. Highly explosive. Caution: water, CO?, or carbon tetrachlor-
ide should not be used on magnesium fires. Use G-1 powder or powdered
talc on open fires and boron trichloridt on oven fires.
Store and process only in rooms or buildings adequately vented at the high- 14
est point to prevent the accumulation of hydrogen gas which results fromthe reaction of powdered metal and moisture. In the repair and maintenance
of buildings or equipment, powder or dust should be removed and non-
sparking tools used.
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NlMga•,ehu4I.i~z ( pImge" I)

El>ectrost.ltic Sellistik'ity' My imm0 ,IR ( ,r4yv requi rcd f 'or ig• iil o f' pof v ,r l'y

electric sparks (miIi lioohs) : I
Type f.:'t I/,I.r (load,laIer

atom ized 120 ,10 21F, 5l
milled 10 9
starped 20 1

Can be ignited by a spark inl all amo.Sphere of C0 2 or in air-nitrogen mix- 49, 51
tures with not less thain :i,.; oxygenl. To avoid igruitiol] prce•ss in helium.

Ignition Temperatures of Magnesium Powders, -C: 26, 50
Type J)u;t (,loUd l)ust Layer

atomized 600 490
milled 540 475
stamped 520 480

Minimum Explosive C(irn..,tration, mg./i. : (atomized) 10 26, 50
(milled) 20
(stamped) 20

Use in Pyrotechnics: As a fuel, and in tracer, igniter, signal flare, and pyro-
technic compositions.

Additional References:
1) "The Kinetics of Underwater Corrosion of Powdered Magnesium," E.

Freeman and S. Gordon, J. Phys. Chem. 50, 1009 (1955)
2) "Magnesium and Its Alloys," C. S. Roberts, John Wiley & Sons, New

York (1960)
3 "National !ire C,•ues, voi. ii, hiLe rrevention of Dust Explosions," Na-

tional Fire Protection Association, Boston, Mass. (1952)
4) "Safety Requirements for Manufacturing and Processing Military

Pyrotechnics," ORDM 7-255 (1952)
5) C.A. 37.2578 (1943)
6) Ref. 64
7) Combustion and Flame 3, No. 1, 3-12 (1959)
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Spc,(ifieatiou No. :.JA N..M 15:1
The :5!Oi'('. if'cn 00 o0\ves two typu,, A ali( 1;, which differ in gr'anulation Sirec.
(IB is coarser) .A 5/50 Mgf/Al, apiprox. 53.3 atom 7T' ,.g.

!P 35i/35 Mg/Al, approx. fi7.0) :tom % Mg.
Molecular" Weig'ht :.....
Color and Form :silvery rnetal
D~ensity, g./inl. :(•_Iid) type A, about 2.142

type B, about 2.015
Calculated on the basis of (ba ini _ridnl '•ef. 3

C,•oflicient of The~itai Expansion: type A, approx. 29.3 Y• 10)
type B, approx. 28.7 y, 10 •'

By interpolation from Addnl. Ref. 2
Heat of Formation, cal./mole at 29g°K: type A, -1027 24

Boiling Point: Decreases with increasing M.g content. 44S35
Wt. %Mg 20 40 60 80
:B.Po CC 1300 1200 1150 1115

Vapor Pressure: See Addnl. Refs. 2 and 4
X-Ray Crystallographic Data:

a A toms/Unit Cell
type A about 10.46 about 58
type B about 10.57 about 58

By interpolation and extropolation of data in Addnl. Ref. 3

over water for 29 days over FHSO4 for 29 days 2 days in oven at 105" C 151
6.3% 4.7% 4.3%

Solubi'ity Data: see Magnesium and
Aluminum

Health Hazard : no known toxicity 50V8
Safety Ciass~ficat ins :

OSM: No classification given. Since Al and Mg powders are in class 1,
powdered Mg/Al alloy is probably similarly classified.

ICC: No classification given. However, since powdered metallic magne--
siura is classified under "Explosives and Other Dangerous Articles,"S~the alloy would be similarly classified as a flammable solid requiring

S~a yellow label.
Fire and Explosion Hazard: Prevent water from contacting the powdered I14

material. Store and process only in rooms or buildings adequately vented
at the highest point to prevent the accumulation of hydrogen gas whichI
results from the reaction of powdered metal and moisture. Powdered
Mg/Al alloy mixed with oxidizing agents is a dangerous fire and explosion
hazard. Powdered metal exposed to the air is a dangerous fire hazard, and
when ignited burns with intense heat. In the repair or maintenance of
buildings or equipment, powder or dust should be removed and nonspark-
ing tools used.
Minimum Explosive Concentration of type A Mg/Al powder is 50 mg./1. 26
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•li~x•.iu•,..• '.:n1:1:1.21 -111;.:. lians) ( ptgý:- 2 )

Electrostatic Sonsiivity : miuictin (1ory requird for ig/A.il io ;,i pw•dV,,c' by

e Setric sparks, millijouih,; (dust 1loud) 80 26. 50(dust layer) 20

Ignition 'lemrperature, zV of type A alloy (dustclou|) 535 26, 50
(dust layer) 46

;"se ill 11'i-)techlii.ncs; as fu 1 Is

Additional Referfence.-,:
1) "Maginesium arnd ;ts Al lys," o.y C. S Roberts, John Wiloy & Sons, New

York (1960)
2) "The Physical Metallurgy of Magnesium and its Alloys," G. V. Rayiior,

Pcigrtaimn Press, New York (1959), Contains a good phase diagram
of the system MgiAi, plus a discussion.

3) "Ilandbook of Lattice Spacings and Structur.'s of Metals," W. B. Pear.son, Pergamnon Pr'ess, New York (1958)

,) A. Schneider and E. V. Strcril, Z. Electrochem. 47, 519 941)
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MAC~NL:SIlHIM CA.'RBONAT',i Re~ I 'fs.

M~olecular Wk'tiglit. .11
Crystalline Form: trigonall I
Co~lor: White 1
Density, g,'/,nl. : (solid) 3.037 1
Coefficienit of Thermial Fxpansion, cubical : 0.5 1: () 73 1

Heat o" Formation, KcaI./mole at 29Si( : -266 1, 9
Free Energryof Formiationi, Kcal./jmroleat 29J()ý .240 1,9~
IEittiopy, cai./deg./moie at 298"K: 15.7 1,9

Seo. table bl)Cow
Melting Point: decomposes at

62311K (350CC) 1
Heat of Fusion:
Boiling Point: loses C02 at

117311K (9001-C) 1
Transition Point:
Heat cef Sublimation:

HEAT CONT ENT AND ENTROPY OF MgCO 3 (c) 4
(Base, crystals at 298. 50 K) ______ __

T, -K Hr- 11298.15 ST - S208 ,1 T, -K HT - H29S. 1 ST S20.1
cai.mole cal.deg. caL./mole c-al./deg.

mule mole
400.. 2060 5.92 700 . . .9450 19.54
500 4300 10.91 750 -. . 10,820 21.43
600 ._._._. . 9790 -

1 5 . 4 5  j________ ___

MgCO 3 (c):
Enb'alpy: HT -H 2 98.11 = 18.62 +6.90 X 10-8T2±+4.16 X 1w~k *.759nf

(0.4 percent; 298-750 0 K)
Heat Capacity: Cp 18.62 + 13.80 X 1WIT -* 4.16 Xý 105T- 2

Heat Capacity, cal./deg./mole: (solid) 18.05 9
Decomposition Temperature: 9000 C 64

For TCA see Addnl. Ref. 1
Magnesite (mineral MgCO3 ) begins to lose CO 2 at 450-500oC 50V5

Decomposition Products: MgO 4 CO, 29
Vapor Pressure: 42V7

Press. atm. .0001 .0089 .0776 0.983 1.763 13.87 473.4
Temp. OK 673.1 723.1 763.1 813.1 843.1* 873.1* 973.1*
*calculated from eq-uation
log kp,1 - log kp2 -a H (T-T 2 ) ,H==60.863

4.571 (T.T,)
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Mr"a kirm yti I a Ilegr' t I I at l Ii

Ž'gls,:/* • I I' ,4.•it . ib j I: ':if (I '
tiexagan a I ) <,18, ; . n12 2"

,• tyl:'groscojpic'ty:
Snlhztiiiiy lData: In x-,,at~t : ( OI e/q, l.I !

Iii ;1(ifs :sol ublv rea;1 s with

In acetonme, N '1 a, and a1 ,ohel : insoluble
heleth htazard : N ane. htas an antac'id and laxative effect, Sligh-t to moderate> on j29. 932

ingest itm a id fehltaIat Itiin.
Safety Classilications ...
Fire and Explosion Hazard:...
Electrostatic Sensitivityv:...
Use in Pyrotechnics : as a retadant,
Additional flefnenerwc.

1) J. Am. Ceram. Soc. 33.96401 (1950)
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I )insity, g./mi.:

20- 1000- C~

'VhermOdynaMric Data fo.r finel'i V ivetd M;4,
See also,- Tables ,, ano 1)

Beat of' Vrrratiorm, lXeal./i ole at, !29k' K 14 2'.9.5
See. Able a

Free Energy of 1k')rration, Kcal,/niole at 29%' K i AF-.3 I
Entropy, cal./deg./mole at 29811K: .i
Heat Capacity cal./deg-/mnole at ?9'K

See Table h

a. HEAT AND FREE ENERGY OF FORMATION OF' MgZO (pre ) 28

T, 1K i H- (ca 'molt) A P' ( raL /rnOe)

298.16 . . . . 113,800 90) 1:01,0811 5
400 -143,810) 131,530o
500 -1 43,10 1:n 0

700 I.38( 56
800 -143,790 1123j0,O
900 1-13,77(01,
9 23 1 143,76C 19, ,90
923 -1-15,920- I~~

1000 -145,890 117,730
110011801il
1200 . ..7. . 145,75
1300.... -1 t,15,6608
1393 A-1560 lO69
13193 -177,060
1400 - 1 77,0301 4,s
1500 . -1 76,700 W1,:,, 0)
1600 .- .6~ .m .2 .
1700 -176,060 1'0
1800 -175,710 8,
1900 . 175,120 81,370
2000 .... 175, 100 -76, WO(

193

Downloaded from http://www.everyspec.com



Magnesium Oxide, MgO (page 2)

Phase Changes of Metal
M.P., 923 0 K ;, A H- 2160 cal./g.-atom

B.P., 1393°1 ; A H = 31,500 cal./g.-atom
Free Energy Equations:

Rcaciion Range of Validity, OK
1) Mg (c) /2 02=- MgO (periclase) 298.16-923

a F0 =- - 144,090- 106T log T- .13 (103T 2) + .25 (1.05T-1) -+29,16T
2) Mg (1) + 1/ -02 = MgO (periclase) 923-1393

A F•c =-- 145,810 + 1.84T logT-.62 (10-3 T 2) + .64 (10 5T-1) + 23.07T
3) Mg (g) + 1/2 02•= MgO (periclase) 1393-2000

A FT =: - 180,700 - 3.75T logT -. 62 (10-BT 2) ±.64 (105T-1) + 65.69T
Entropy, cal./deg./mole at 20'80K: 6.4 1, 9

See Table b
Melting Point: 3173-K (2900 0 C) 9
Heat of Fusion, Kcal./mole: 18.5 9
Boiling Point: 3350 ±_t 300 0 K (36770C) 8
Heat of Vaporization:
Transition Point:
Heat of Sublimation, Kcal./mole at 2980 K: > 149.4 64

b. HEAT CONTENT AND ENTRO"Y OF MgO (c) 4
(Base, crystals at 298.15 0 K)

T-,K HT - H 29 8.15 ST - S298.15  T, OK 1 - H29M.15  ST -S8.15
cal./mole cal./deg. cal./mole cal./deg.

mole mole

400 965 2.78 1300 ..... 11,310 1:.98
500 1975 5.03 1400 ..... 12,570 16.92
600 ..... ... 3020 6.94 1500 ..... 13,830 17.79
700 . . . 4100 8.60 1600 ..... 15,090 18.60
800 ..... 5225 10.10 1700 16,350 19.36
900 ..... 6390 11.47 1800 ..... 17,610 20.08

1000 7580 12.73 1900 . -L,8'(0 20.76
1100 8800 13.89 2000 ..... 20,130 21/:1
1200 .... 10,050 14.98 2100 ..... 21, 90 22.02

MgO (c):
Enthalpy: H,- H 2gs 1 = 10.18 T + 0.87 X 10 --IT 2 + 1.48 x 10BT-1 - 3690

(0.8 percent; 238--2100 0K)
1-Teat Capacity: C, = 10.18 + 1.74 X 10-8 T 18 X 106T-2

Heat Capacity, cal./deg./mole: (solid, c) 8 94 9
See equation above 4
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Magnesiurm Oxide, MgO (page 3)

Decomposition Temperature: The temperature r~t uired to complete dissoc-a- 1.4V2 1B
tion has been estimated to be above that of tke temperature of a 3unsen
flame. Partial dissociation is said to take place by evaporating a mixture
of MgO and metal.

Decomposition Products:
Vapor Pressure: log1 o P.m. = 2.732 X 104/T + 13.13, over the Ad, nln. Refs.

temperature range 1800-22000 K 1,3
X-Ray Crystallographic Data:

System Space Group a Molectdes/ Unit Celu
cubic Oý 4.212 4 97V1

Hygroscopicity: Takes up moisture from the air to form Mg(OH) 2 and CO2from the air to form MgCOs.
Caution: Keep container well closed. 29
See also Addnl. Ref. 2.

Solubility Data: In water: .00062 in cold I
.0086 at 300C 29

Solubility in water is increased by C0 2.
In acids and ammonium salts: soluble
In alcohol: insoluble

Health Hazard: Inhalation of freshly sublimed MgO may cause metal fume 12
fever. Large doses taken as an antiacid may produce undesirable catharsis. 29
M.A.C., mg./m.8 for an 8-hr. day: 15 14

Safety Classifications:
OSM: not listed
1 %C ý : not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnics: MgO is the product of the burning of Mg.

AdMitonal References:
1) "Stability of Ceramic Materials,' J. Wygant and V' Kingrey, Am.

Ceram. Soc. Bull. t1, (7) 251 (1952) ; cited by Ref. 65
2) 'T7 - Sorption of Water Vapor on Magnesium Oxide," R. Razouk and

3". :",. Mikhail, J. Phys. Chem. 59, 636 (1955) -
3) "On the Dissociation Energies of Strontium Oxide and Magnesium

Oxygen Molecules," R. Porter et al., J. Chem. Phys. 23, 1347 (1955)
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MANGANESE, Mn Refs.

Specification No.: JAN-M-476
The specification covers three grades which differ in puriity and granula-
tion. Grade I is intended for delay powder; grades H1 and III, for pyro-
terhnics.

Molecular Weight: 64.94
Crystalline Form: cubic or tetragoiial 1
Color: grey-pink 1
Density, g./mn.: (golid at R.T.) a 7.44 37

p 7.29
7. 2i

Ccfficient of Thermal Expansioi,, linear
Temp. (0 C) Coeff. (cm./cm./ 0 C) 27, 37

a phase -190 to 0 15.9 X 10--483 to 0 17.6 1< 10-6
0--20 22.3 X 1c-
0-100 22.8 X 10-4
0-300 25-2 )< 10-6

0 phase -1 83 to 0 12.8-20.4 X 10-6
0-20 18.7-24.9 X 10-

Sphase -70 to 0 13,6 x 10"4
0-20 14.8 X 10-

Heat of Formation, Kcal./mole at 298 0K: (gas) 68.34 1, 5
(c) y, 0.37

Free Energy of Formation, Kcal./mole at 2980K: (gas) 58.23 1, 5
(c) y, 0. 3 7

Entropy, cal./deg./mole at 298 0 K: (gas) 41.49 1
(c) a, 7.59

v, 7.72
See Tables a, b, c, d

Melting Point: 1517 0 K (12440C) 2.5
Heat of Fusion. cal./mole: 3500 2, 4, 5
Boiling Point: 2314 0 K (20410C) 5
Heat of Vaporization, cal./mole at 2314OK: 52,520 5

(727°C) (11010C) (1137 0 C)
Transition: Poirta: aOc00oKf 1374'K y 1410'K 8 2, 4,5

535 545 430
Heat of Transition, cal./mole: y ---- A - , - 8 2, 4,5
Heat of Sublimation, cal./mole at 2980 K: 66,73V 5
Heat Content or Enthalpy, cal./mole at 298 0K: Sep Tables a, b, c, d
Heat Capacity, cal./mole at 298 0K: See Tables a, b, c, d
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Manganeoe, Mn (page 2)

a. HEAT CONTENT AND ENTROPY OF Mn (c, 1) 4
(Base, a-crystals at 29t• 150 K)

T, oK HT -- H 20. 15  ST - S 298.15  T, oK HT - lI298.15 ST- S208 .15
cal./mole cal./dog. cal./mole cal./deg.

mole mole

400 ..... 690 1.99 1410 (y) ... 10,330 13.21
500 1385 3.54 1410 (8) . . 10,760 13.51
600 ..... 212C 4.88 1500 ... 11,780 14.21
700 ..... 2895 6.07 1517 (8) . . 11,970 14.34
800 ..... 3715 7.16 1517 (1) . . 15,470 16.65
900 ..... 4570 8.17 1600 ...... 16,380 17.23

"1000 (a) . . 5450 9.10 1700 17,480 17.90
"009 (fl. . . 5985 9.63 1800 ...... 18,580 18.53
1100 ..... &2 10.50 1900 ..... 19,680 19.12
1200 ..... 7795 11.28 2000 ...... 20,780 19.69
1300 ..... 8715 12.02 2100 ...... 21,880 20.22
1374 (,8) . . . 9395 12.53 2200 ...... 22,980 20.74
1374 (y) . . . 9940 12.93 2300 ...... 24,080 21.22
1400 ..... ... 10,220 13.13

Mn (a):
Enthalpy: HT- H299.15 = 5.70T + 1.69 X 10sTs + 0.37 X 105T-1 -1974

(0.7 percent; 298-10000 K)
Heat Capacity: C,== 5.70 + 3.38 X 10-ST -- 0.37 X 100T-2

Mn (f):
Enthalpy: HT- H208 .1 5 =-8.33T + 0.33 X 10-1T 2- 2675 (0.1 percent; 1000-13740 K)
Heat Capacity: C, 8.33 + 0.66 X 10-3T

Mn (y):
Enthalpy: XA- H 2 ,s. 5s =10.70T - 4760 (0.1 percer~t; 1374-1410oK)
Heat Capacity: C == 10.70

Mn (8):
Enthalpy: H7, - Hs , . =-. 11.30T - 5170 (0.1 percýent; 1410-1517 0 K)
Heat Ca['acity: C, = 11.30

Mn (1):
Enthalpy: HT - H" , . t =- 11.00T - 1220 (0.1 percent; 1517-2300oK)
Heat Capacity: C, 11.00
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Mqnganeac, Mn (page 3)

b. HEAT CONTENT AND ENTROPY OF Mn (y) 4
(Base, y-crystals at 298.15CRK)

T, °K HT - H, 98 .15  ST - S298. I T, oK HT - H29, 11; ST - 298. 15
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 705 2.03 1000 ..... 5750 9.57
500 1445 3.68 1100 ..... 6720 10.50
600 2230 5.11 1200 7730 11.38
700 3050 6.38 1300 ..... 8780 12.22
800 3915 7.53 1374 9570 12.81
900 4815 8.59

Mn (y) :
Entbalpy: HT - H298s.jo 6.03T + 1.78 X 10-ST 2 + 0.44 X 105T-I - 2104

(0.1 percent; 298-13741K)
Heat Capacity: C, = 6.03 + 3.56 X 10-5T - 0.44 X 105T-2

c. HEAT CONTENT AND ENTROPY OF Mn (g) 4
(Base, ideal gas at 298.15 0 K)

T, OK HT- H298 .15  ST - S 298.1I T, -K HT - H298.15 ST -S29.15
cal./mole cal./deg. cal./mole cal./deg.

mole mole

400 ..... 505 1.46 1900 7960 9.20
500 ..... 1005 2.57 2000 ..... 8460 9.46
600 ..... 1500 3.48 2200 ..... 9455 9.93
700 ..... 1995 4.24 2400 ..... 10,455 10.37
800 ..... 2495 4.90 2600 11,465 10.77
900 ..... 2990 5.49 2800 12,485 11.15

1000 ..... 3490 6.01 3000 13,525 11.51
1100 3985 6.49 3500 16,255 12.35
1200 4480 6.92 4000 19,290 13.16
1300 4980 7.32 4500 ..... 22,775 13.98
1400 5475 7.68 5000 . .... 26,840 14.84
1500 5970 8.03 6000 ..... 36,925 16.67
1600 6470 8.35 7000 ..... 49,415 18.59
1700 6965 8.93 8000 ..... 63,560 20.48
1800 7465

Mn (g):
Enthalpy: HT - H•, 316  4.97T - 1482 (0.2 percent; 298-30000K)
Heat Capacity: C, = 4.97
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Manganese, Mn (page 4)

d. HEAT CAPACITY OF Mn: 5
Solid I, 298-1000OK; Solid II, 1000-1374 0 K:

Liquid, 1517-2314°K; Gas (monatomic) 2314-30000 K

T, -K C.0 (cal./deg./mole) T, -K Co (cal./deg./mole)

298 6,29 1400 10.70
400 6.75 1500 11.30
600 7.54 1600 to 11.00

2300
800 8.21 2400 5.02
900 8.60 2600 5.07
1000 to 9.30 2800 5.14
1300 3000 5.25

Decomposition Temperature and Products:
For DTA and TGA see Ref. 33

Vapor Pressure:

Press. mn. 1 10 40 100 400 760 M.P. I
Temp.0 C 1292 1505 1666 1792 2029 2151 1260
log P (atm.) - 14,848T - 3.028 log T + 16,489T (T abs. temp.) 37

2.4 nm. at M.P. 34

X-Ray Crystallographic Data:
Atomsl

System Space Group a c Unit Cell
cubic () T,' 8.894 58
cubic (0) 06 or 07 6.300 20
tetragonal (W) DU 3.774 3.526 4
cubic (8) 3.081 at 11400 C 3.088 at M.P. 37
Hygroscopicity (% Gain in weight after 720 hrs. of exposure at 70OF of spec. 33

grade powdered Mn):
R.H., % 50 76 90 51
Gain, % 0.02 0.34 3.91

Solubility Data: Decomposes water slowly in the cold, rapidly on heating. 1
Soluble in dilute acids with evolution of hydrogen. 29

Health Hazard: Inhalation of heavy concentrations of manganese dusts or 12
fumes may produce chronic manganese poisoning. Mn may affect the ner- 25
vous system and cause paralysis. Mn poisoning is detectable in the blood. 29
M.A.C., mg./m.s: 6 14

Safety Classifications:
OSM: Class 2, when not packed or stored in the original shipping con-
tainer or equivalent (dust).
ICC: not specifically mentioned
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Manganese, Mn (page 5)

Fire and Explosion Hazard: Powdered manganese metal exposed to air ik -' 4?
dangerous fire hazard and when ignited burns with intense heat. Pre'
water from contacting the material. Store and process only in build
adequately vented at the highest point to prevent the accumulation of
drogen gas which results from the reaction of powdered metal and moisture.
In the presence of oxidizing agents powdered Mn is a dangerous fire and
explosion hazard. Manganese powder is moderately explosive.
Caution: to fight fire, use a special mixture of dry chemical or powdered 5i. 75
talc. Use nortsparking tools for repair and maintenance of bunhings or
equipment where manganese has been stored.

Electrostatic Sensitivity: Miiiimum energy required for igiivii oi powder by 26
electric sparks (millijoule4: y + 6.77%

8 +0.90%
Minimum explosive concentration of powdered Mn:

125 mg./l. 26
Volume change aceompanying phase transformations:

P-b+ 0.77% 37
.- + 8+0.909%

Manganese is superficially oxidized on exposure to the air. The -y phase 29
(electrolytic Mn) is not attacked by water at ordinary temperatures. It is
slightly attacked by steam.

Use in Pyrotechnics: as a fuel
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MANGANESE DIOXIDE, MnO, Ref8.
(Manganese Black, Pyrolusite, Black Oxide of Manganese, 1, 11, 29

Manganese Peroxide, Manganese Binoxide, Manganese Superoxide,
Battery Manganese)

Percent Oxygen: 36.82
Specification No.: MIL-M-3281
Molecular Weight: 86.93
Crystalline Form: rhombic or powder 1
Color: black or brownish-black I
Density, g./ml.: (solid) 5.026
Coefficient of Thermal Expansion:
Heat of Formation, Kcal./mole at 298 0 K: -124.5 1, 9

See Table a
Free Energy of Formation, Kcal./mole at 298 0K: -111.4 1, 9See Table n

a. HEAT AND FREE ENERGY OF FORMATION Mn0 2 (c) 2

T, °K A H (cal./mole) A F0 (cal./mole)

298.16 .... -124,450 (_ 200) -111,350 (±_250)
400 -124,400 -106,900
500 ..... -124,250 -102,500
600 ..... -124,100 -98,200700 ..... -123,900 -93,90080 ..... -123,750 -89,600
900 ..... -123,650 -85,350

10LI0 ...... 123,500 -81,100

Free Energy Equation:
Reaetio)t Range of Validity, OK i -

Mn (a) +} 02 (g) =-----n0x (c) 298.16-1000 -
F0 F =-- 126,400- 8.61T logT -+-.97 (10-3V•) -- 1.555 (105T-1) + 70.14T

Entropy, cal./deg../mole at 2.98°K: U•.7 1, 9
See Table b 1 -

Melting Point: loses oxygen at 6, 8
11200K (8470C)

loses oxygen at 535,1C Ii
Heat of Fusion:
Boiling Point : ,
Transition Point:

Heat of Sublimation: !
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Mangmneee Dioxide, Mn0 2 (page 2)
b. HEAT CONTENT AND ENTf'3PY OF Mn0 2 (c) 4

(Base, crystaIs at 298.150K)
T, oK HT - H 29 9. 15  ST - S298.15 T, °K HT - H2g9.15 ST -St8.15

cal./mole cal./deg. cal./mole cal./deg.
mole mole

400 ..... 1445 4.10 700 6415 13.36
500 3020 7.67 800 ..... 8185 15.73
600 ..... 4685 10.70

Mn0 2 (c):
Enthalpy: HT- H2,s. 15 = 16.60T -+- 1.22 X 1V-ST 2 + 3.88 X 105T-1-6359

(0.1 percent; 298-8000K)
Heat Capacity: C, = 16."XV + 2.44 x 10 . .T - 3_.02 X> 105T-2

Heat Capacity, cal./deg./mole: (solid) 12.91 9
Decomposition Temperature, OK: 1120 8

For DTA see Ref. 33
Decomposition Products: Loses 0 when heated; the temperature of decomposi- 50V8

tion varying with the method of preparation from 5300C down to even
2000C. The resulting products being successively Mn 20, Mn 3O4 , and MY'O.
The reactions are reversible.

Dissociation Pressure: 2 MnO 2 -- Mn 203 (s) /202 (g) 42V7
Press. atm. 0.030 0.164 0.263 0.209 1.36 1.000 see also 91
T, oK 655.1 721.1 751.1 803.1 809.1 1213.1

X-Ray Crystallographic Data:
System Space Group a c Molecules/Unit Cell

tetragonal D,1 4.44 2.89 2
Hygroscopicity:
Solubility Data: In water, HNO8 , cold H2 S,0, acetone:

insoluble I
In HCI with evolution of Cl: soluble

Health Hazard: Continued or prolonged inhalation or exposure to heavy con- 12, 50V5
certrations of Mn0 2 dusts or fumes may cause chronic manganese poison-
ing. The chief site of damage is the central nervous system. Although toxic
when freshly formed, the dry crystals or powder are normally considered
an eye irritant and toxic only in large quantities. In solution, manganese
dioxide form, a btrong base that may burn the skin, and is very irritating
to the eyes.
M.A.C., mg./m.s: 6 14

Safety Classifications:
OSM: Class 1. Class 2 when not packed or stored in original shipping con-

tainers or equivalent.
ICC oxidizing material
Coast Guard: hazardous material
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Manganese Dioxide, MnO 2 (page 3)

Fire and Explosion Hazard: A strong oxidiz-r and a fire hazard in tne finely 29
divided state. Should not be heated or rubbed with organic matter or other
oxidizable substances such as sulfur, sulphides, phosphides or hypophos-
phites.

Precautions When Handling Manganese Dioxide:
Work carefully when handling bulk manganese dioxide to avoid excessive

"dusting." Keep work areas clean, and wash hands frequently. Store away from
readily oxidizable materials such as powdered metals, oils, acids, or organic
solvents.

A solution of one part vinegar to four parts water by volume is an effective
neutralizer, and may be safely used in the eyes or on any part of the skin. Take
a victim to a physician imneaiiately for examination and further treatment.
Electrostatic Sensitivity:
Use it, ryrotcch.."-* as an oxidizer 17
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'1.- (2.METHOXYPHENYLAZO)-2-NAPHTHOL Refs.
(2-anisole-azo-betaiaphthol, Sudan Red G, Brilliant Fat Scarlet B,

C.I 12150, C.U. Solvent Red 1, C.I. Food Red 16) 48A

OCHa
I 0

Formula: C 7H 1,NiO, ( -- N N- 8

Specification No.: MIL-D-3179
The spec. covers two grades differing in purity (grade I, 90%; grade II,
80%) and granulation.

Molecular Weight: 278.32
Crystalline Form.: needles
Color: shiny reddish-yellow 88V16
Density, g./ml.:

Apparent Density (spec. grade I) min. 0.30, max. 0.70
Cuefflcient of Thermal Expansion:
Heat of Formation:
Free Energy of Formation:
Entropy:
Melting Point: 451-K (178 0 C) 88V16

Spec. grade II, rain. 4480 K (1750C)
Heat of Fusion:
Boiling Point:
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy
Heat Capacity:
Decomposition Temperature:
Decomposition Products:
Vapor Pressure:
X-Ray Crystallographic Data: --

Hygroscopicity:
Solubility Data: 48, 88V16

In water, alkalies: insoluble
In benzene and cold alcohol: difficult
In alcohol: red solution on boiling
In CHCIO and benzene: fa.rly soluble
In cone. HSO,: soluble with violet-red

color
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I.(2-Meihoxyphbnylazo)-2-Naphthol (page 2)

Health Hazard: toxicity ,1lk(:wn c32
Spec. requires each container be conmopicuously labeled, "Caution Avoid
Skin Contact. Use Adequate V "V0 ion."

Safety Classifications:
OSM: not lirtedl
IMC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity: ....
Use in Pyrotechnics: to color smoke

mixtures red
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1-METHYLAMINOANTHRAQUINONE Refs.
(1-N-methylaminoanthraquinone, Celliton Pink R, Duranol Red GN, 84, 48A

C.I. 60505, C.I. Disperse Red 9)

Formula: CjzH 11N02

II NHCH,

II

0

Specification No.: MIL-D-3824
Spec. covers two gradcs differing in granulation.

Molecular Weight: 237.11
Crystalline Form: needles 88V14
Color: yellow-red 84
Density, g./ml.:

A pparent D±nsity: (Spec) 0.35 ± .15
Coefficient of Thcrmal Expansion:
Heat of Formation:
Free Energy of rormati3n:
Entropy:
Melting Point: 443-K (170-C) 84

Spec. grade II, min.: 442 0 K (169CC)
Heat of Fusion:
Voiling Point:
Hent of Vaporization, Kca!./mole at 25 0 C and 1 atm.: 28.4 ± 0.7 Addnl. Ref. 3
Entropy of Vaporization, vapor at 1 atm.,

cal./mol.•/oC: 52.87 ± 0.30 Addnl. Ref. 1
Heat of Snblimation : Kcal./mole: 30.85 Addnl. Ref. 1
Heat Content or Enthalpy:
Keat Capacity:
Decomposition Tempkerature:

For TGA see Ref. 80
Decomposition Products:
"VTapor Pr'essure: logoP (cii H7r) h T b Addrl. Ref. 1

a - 6740; b - 13.435 ± 0.036 ;T =-als. temp.
Energy of Acti-,ation for Volatilization (97% purity), 80

Kcal./inole at 297-376O C: 19.6
X-Ray CrystalGgr-aphic Data:
Hygroscopicity:
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I-Methylailnoanthraqulnone (page 2)

Solubility Data:
In water, g./100 ml. at 25OC: < .0002 Addnl. Ref. 5

at 80°C: 0.00055
In alcohol (abs.) at 600C: 14.96 g./l. 92, 88V14 I,

84
In CHCIa, hot dil. HCI, glacial acetic acid: soluble
In benzene: soluble, red
In fuming H2SOi: soluble, light yellow

Health Hazard: toxicity unknown 92, 93
Spec. requires each container be conspicuously labeled, "Caution-Avoid
Skin Contact or Breathing of Dust or Fumes. Use with Adequate Ventila-
tion."

Safety Classifications:
OSM: not listed
ICC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity:
Use in Pyrotechnics: to color smoke

mixtures red
Additional References:

1) "Vapor Preswures of Some Dispersed Dyes," R. S. Bradley et al., Nature
178, 998 (1956)

2) "The Dyeing Phenomena of Acetate Artificial Silk," V. Kartaschoff and
G. Farinc, Helv. Chim. Acta. 11,822 (1928)

3) "A Radioactive Ionization Gauge and Its Application to the Measure-
ment of Latent Heat of Vaporization," J. H. Benyon and G. R. Nichol-
son, J. Sci. Instruments 33,376 (1956)

4) For Absorption Spectra see Ref. 66
5) J. Soc. Dyers Colourists 70, 68-77 (1954)
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MOLYBDENUM, Mo Refs.
Molecular Weight: 95.95
Crystalline Form: cubic IA
Color: silvery-white metal,

grey-black powder 1A
Density: (solid) 10.22 94

10.24 66A
9.01 31A

Coefficienit of Thermal. Expansion, linear:
Temp, -C Coeff. X 10' 94
20-149 5.43
20-482 5.19
20-649 5.36
20-982 5.80
20-1316 6.28
20-1593 6.65

4.9 50V9
L- L, [1 + (5.01t + 0.00138t2) X 10-6]

at 20 OC: 4 X 10-6 31A
See also Refs. 49A (curve of temp. vs. coeff.), 66A, and Addnl. Refs.

Heat of Formation, Kcal./mole at 2980K: (g) -155.5 9, Addnl.
Ref. 1

Free Energy of Formation, Kcal./mole at 298OK: (g) -144.2 9, 31A
Entropy, cal./deg./mole at 2980K: (g) 43,462 9

(c) 6.83 5,9,94,97
a. HEAT CONTENT AND ENTROPY OF Mo (c, 1) 4

(Base, crystals at 298.150K)
T, 0 K HT - H9.•15 ST-- SS.1, T, -K HT - H2 8.1, ST - S298. 15

cal./mole cal./deg, caL/mole cal./deg.
mole mole

400 ... 595 1.71 1900 11,200 12.27
500 ..... 1205 3.06 2000 12,040 12.70
600 ..... 1825 4.20 2100 ...... 12,900 13.12 ¶
700 ..... 2460 5.17 2200 ...... 13,770 13.53

..... 3100 6.02 2300 ...... 14,670 13.92
900 ..... 3750 6.79 2400 ...... 15,580 14.31

1000 441C 7.49 2500.16,510 14.69
1100 ..... 50.90 8.13 2600 ...... 17,460 15.06
1400 ..... 5790 8.74 2700 18,420 15.42
1800 ..... 6510 9.31 280 ...... 19,400 15.70
1400 7250 9.85 2890 (c) 20,290 1 e)9
1500 ..... 8000 10.38 2890 (1) . . 26,940 18.39
160 ..... 8780 10.88 2900 ...... 27,040 18.43
1700 .... 9570 11.36 3000 ...... 28,040 18.77
1800 10,M80 11.82

Mo (c):
H?- Hm.1 , = 5.18T + 0.83 X 104Te - -618 (0.5 percent; 298-28900 K)
C,6:5.18 + 1.68 X 10-OT
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Molybdenum, Mo (pag 2)

Mo (1):
HT - H 1.. = 10.OOT - 1960 (0.1 percent; 2890-3000 0 K)

b. HEAT CONTENT AND ENTROPY OF Mo(g) 4
(Base, ideal gas at 298.150K)

T, -K HR - Hn*.151 ST - SM.16 T, oK HT - H298.1* St - Sm.il
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 ..... 505 1.46 1500 5975 8.03
500 1005 2.57 1600 6470 8.35
600 ..... 1500 3.48 1700 ..... 6975 8.66
700 ..... 1995 4.24 1800 ..... 7475 8.94
800 ..... 2495 4.91 1900 ..... . 7980 9.22
900 ..... 2990 5.49 2000 ...... 8490 9.48

1000 ..... 3485 6.01 2200 ..... 9530 9.97
1100 ..... 3985 6.49 2400 ...... 10,609 10.44
1200 ..... 4480 6.92 2600 ....... 11,710 10.88
1300 ..... 4980 7.32 2800 ..... 12,880 11.31
1400 ..... 5475 7.69 3000 ..... 14,115 11.74

Mo (g):
HT- Hes. 15 =4.97T- 1482 (0.1 percent; 298-1800°K) 4
HT- H29s. is = 3.56T + 0.40 X 10-T 2 - 230 (0.2 percent; 1800-30000K)
C , =3.56 + 0.80 X 10-3T
HT - H2 8 .1 •= 5.48T + 0.65 X 1D0-T 2 - 1692 (_ 1 percent; 298-18000K) 94
C, = 5.48 + 1.30 X 10-8T 24A, 94
Melting Point, OC: 2620 _t 10 IA, 27. 31A
Heat of Fusion, cal./mole at 2890OK: 6.6 ± 0.7 97, IA
Boiling Point, OC: 4800 IA

4825 81A
Considerably higher values are also given.
See Vapor Pressure

Heat of Vaporization, Kcal./mole: 128.42 31A
117.4 94
121.0 ± 9.0 97

Transition Point, OK: 2883 1A
Heat of Transition, Kcal./mole: 5.8 IA
Heat of Sublimation, Kcal./mole at 2980 K: 157.5 5
Heat Content or Enthalpy, czl/mole at 298OK: (solid) 1092 5

See Tables a and b
Heat Capacity, cal./deg./mole: (solid) 5.61 (liquid) 10.00 31A

6.29
(gas) 4.968 at 250 5,31A

See Tables a and b
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Molybdenum, Mo (page 3)

Decomposition Temperature: oxidized to MoO8 at
red heat 29

Decomposition Products:
Vapor Pressure:

Press. atm. 3.9 X 10-L 1.7 X 10-5 8.6 X 104 1.8 X 10-1 1.0 94
Temp. OC 1727 2610 3227 4727 5560
log P..,. - 81,060T-1 - 0.2 log T 9.41 (bet. 2980K and M.P.) 97

1 rnm. at 31020 C 12
See also Refs. 64Vl and 66A

X-Ray Crystallographic Data:
System Space Group a Molecules/Unit CeU Addnl. Ref. 1
cubic O1 3.1403 at 200 2 49A3.1468 at 25"

Hygroscopicity:
Solubility Data: Not attacked by water, dilute acids, or coned. HC1. Practically 29, 1A

insol. in alkali hydroxides or fused alkalies. Sol. in hot concd. HNO,, hot
coned. H2SO4, in fused KC0I or KNOa.
Ref. 94 gives some corrosion data in several acids.

Health Hazard: probably slight 12
MJLC., mg./M.s: 15 12

Safety Classifications:
OSM: not listed
ICC: not listed

Fire and Explosion Hazard: moderate 12,96
Dust may react explosively with air. Sub-200 mesh dust has little or no
explosive hazard. In fighting fire use powdered graphite, dolomite, sodium
chloride, etc., not water.

Heat of Combustion, cal./g.: 1810 49A
Electrostatic Sensitivity:
Use in Pyrotechnics: as a fuel

Additional References:
1) "Molybdenum," L. Northcott, Academic Press, Inc., New York (1956)
2) Ref. 49A
3) Ref. 64V1
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iI

MOLYBDENUM TRIOXIDE, MoO, Refs.

(Molybdic Anhydride, Molybdite)

Percent Oxygen: 33.34
SSpecification No.: not listed

Molecular Weight: 143.95
Crystalline Form: rhombic 1A
Color: white to yellowish or 1A

colorless
Density, g./ml.: (solid) 4.50 at 19.50C 1A

4.692 at 210C 29
Coefficient of Thermal Expansinn, cubic: 21-780C 7 X 10-* 44S53

78-1950C 5 X 10-5195-2730C 3 X 10-5
Heat of Formation, Kcal./mole at 298OK: (c)9-180.33 1A, 9

-178.2 ± 1.5 97
Free Energy of Formation, Kcal./mole at 298OK: (c)-161.95 1A, 9

a. HEAT AND FREE ENERGY OF FORMATION OF MoOS (c, 1) 4

T, -K a H (cal./mole) a F 0 (cal./mole)

298.16 .... -180,300 (± 1500) -162,000 (± 1600)
400 ..... -180,100 -155,700
500 ..... -179,700 -149,600
600 -179,200 -143,700
700 -178,700 -137,800
800 -.... . 178,200 -132,000
900 ..... -177,600 -126,200

1000 ..... -177,000 -120,600
1068 ..... -176,600 -116,700
1068 ..... -164,600 -116,700
1100 -164,200 -115,200
1200 ..... -163,000 -110,800
1300 ..... -161,800 -106,500
1400 ..... -160,600 -102,300
1500 -159,500 -98,200

Free Energy Equations:
Reaction Range of Validity, OK

1) Mo (c) + 3/20 2 (g) =MOS (C) 298.16-1068
T F- -182,650 - 8.86T logT - 1.55 X 10-3T2 + 1.54 x 101T-1 + 90.07T

2) Mo (c) + -3/2 02 (g) =-- MOOS (1) 1068-1500
TFa = 179,770 -36.34T log T + 1.40 X 10-11T2- 0.30 X 105T-1 +} 167.61T

Entropy, cal./deg./mole at 2980 K: i8.68 1A, 9

2112) M(~ +/20 (g)MoO~ 1.0 -~68-h00 + 16.61

!I i ..... .. .. . ....... ..
L_

Downloaded from http://www.everyspec.com



Molybdenum Trioxide, MoO, (page 2) : -'7
b. HEAT CONTENT AND ENTROPY OF MoOa (c, 1) 4

mT, eK HT - Hne 5 ST- $298. T, oK HT - H29 8.15  ST- S298 .15-cal./mole cal./deg. cal./mole cal./deg.
mole mole

400 1935 5.56 1068 (c) . .. 17,670 28.26
500 4035 10.24 1068 (1) . .. 30,170 39.96
600 ..... 6260 14.30 1100 ..... 31,200 40.92
700 ..... 8570 17.86 1200 ..... ... 34,400 43.70
800 10,940 21.02 1300 ..... 37,600 46.26
900 ..... 13,390 23.91 1400 ..... 40,800 48.63

1000 15,920 26.57 1500 ..... 44,000 50.84

MoOS (c):
HT- 11..5 = 20.73T +- 2.59 X 10rS -+ 4.18 X 105T-1 - 7813 (0.1 percent; 298-10680K)
C, = 20.73 + 5.18 x 10-3T- 4.18 X 105T-2

MoOs (1):
HT - He, 15, = 32.O0T - 4000 (0.1 percent; 1068-15000K)
Melting Point, oC: 795 1A, 24A

797 Addnl. Ref. 2
Melts to a dark yellow liquid, which solidifies to a yellowish-white crystal-
line mass.

Heat of Fusion, Kcal./mole: 11.91 2
12.54 6

Boiling Point, OK: 1530 ± 50 6,8
The following values are also given:

11000C 24A
14280K 41

Keat of Vaporization, Kcal./mole: 33 9, 41
Temperature of Sublimation, OK: (gas) 973

volatile above 5000C 52
sublimes about 7000C 94

Heat of Sublimation, Kcal./mole at 691OC: 65 9, 41
68.1 Addnl. Ref. 3

Heat Content or Enthalpy:
See Table b

Heat Capacity, cal./deg./mole: (liquid) 32.0 2S~See Table b

Decomposition Temperature:
For DTA see Ref. 33

Decomposition Products:
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Molybdenum Trioxide, MoO3 (page 3)

Vapor Pressure:
Press. umm. .009 0.05 0.30 1.75 10.1 23.4 105.1 288.3 476.2 760 44S53
Temp. 0 C 610 650 700 750 Q00 850 950 1050 1100 1155

2980 K to M.P.: log p~m. - -15,230 - 4.02 log T + 27.16 24A
M.P. to B.P. ' log p.m .m  12,480T-1 - 4.02 log T + 24.60 24A

X-Ray Crystallographic Data:
System Space Group a Molecules/Unit Cell
cubic V 3.14103 at 250 4 18, 44S53

Hygroscopicity:
Solubility Data:

In water, g./100 ml. at 180C: 0.1066 1A
at 70°C: 2.055

In acids, NH4OH, alkalies, sulfur: soluble
In acids after strong ignition: very slightly soluble 29

Health Hazard: probably slight 12
L.D., g./kg.: 400 29

Safety Classifications:
OSM: not listed
ICC: not listed

Fire and Explosion Hazard:
Electrostatic Sensitivity.
Use in Pyrotechnics: Product of the burning of Mo and some of its compounds.

Additional References:
1 Ref. 7
2) C.A. 53,20992 (1959)
3) C.A.48,13896 (1954)
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NICKEL, Ni Refa.
Specifleation No.: JAN-N-412A

The standard A.S.T.M. grades of virgin nickel are:
Electrolytic 99.5% Ni
X shot 98.9% Ni 16
A shot 97.75% Ni
Ingot 98.5% Ni

Molecular Weight: 58.71
Crystalline Form: cubic 1
Color: silvery metal 1
Density, g./ml.: (solid) 8.90 1
Coefficient of Thermal Expansion, 16-250°C: 13.97 X 106 1

Temperature OC Coeff.
-19 to + 16 10.12 X 10-6

40 12.79 X 10-6
375--1000 13.46 X 10-6I 25--100 12.9 X 10-6

Heat of Formation. Kcal./mole at 298°K;: (gas) 101.2605
Free Energy of Formation, Kcal./mole at 298K 2: (gas) -90.413
Entropy, cai./deg./mole at 298OK: (gas) 43.52 5

S(solid) 7.14 5
See Tables a and b

Melting Point: 17280K (14550C) I
Heat-of Fusion, cal./mole: 4210 4, 5

Boiling Point: 31100K (28370C) 5
Heat of Vaporization, cal./mole: 88,870 5
Transition Point : a toft at 6330K (3600C) 4
Heat of Transition, cal./mole: a to f, 0 4
Heat of Sublimation, cal./mole at 298"K: 101, 260 5
Heat Content or Enthailpy, cL/ynole: (solid) 1144 5

(gas) 1631
See Tables a arnd b

a. HTEAT CONTENT AND ENTROPY OF Ni (c, 1) 4
(Base, crystals at 298.150K)

T, °K HT - H2o.,5 ST - S29s,1 T, oK HT - H",., S -i S_9s.IS
cal./mole cai./deg. .al./mole cal./deg.

mole mole
400 ..... 665 1.91 900 4445 8.03
500 1380 3.51 1000 5210 8.84
600 ..... 2180 4.96 1U00 5985 9.58
633 (-) . . . 2460 5.42 1200 6780 10.27
633 (9) 2460 5.42 1300 7600 i0.93
700 2940 6.14 1400 8450 11.56
800 3690 7.14 1500 9320 12.16
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Niekel, Ni (page 2)

T, -K HT - H•.Ib ST- S 298. 15 T, OK HT - H 2 08. 1 6 ST S- 299.15

cal./mole cal./deg. cal./mole cal./deg.
mole mole

1600 10,210 12.73 2200 .... 19,910 18.08
1700 11,110 13,28 2400 21,750 18.88
1725 (3)... 11,330 13.40 2600 23,590 19.62
1725 (1) ... 15,540 15.84 2800 25,430 20.30
1800 16,230 16.24 3000 27,270 20.93
2000 18,070 17.21 3200 29,110 21.52

Ni (a):
Enthalpy: HT - H,, 8 .15 = 4.06T -k 3.52 X 10-sT 2 - 1523 (0.3 percent; 298-6330 K)
Heat Capacity: C,-== 4.06 + 7.04 X 10-8 T

Ni (f6) :
Enthalpy: HT-I- H 298 .1 5 -- 6.OOT + 0.90 X 10-sT- -1701 (0.2 percent; 633-17250K)
Heat Capacity: C, -= 6.00 d- 1.80 X 10-BT

Ni (1) :
Enthalpy: HT-- H29 8 .15 = 9.20T -330 (0.1 percent; 1725-32000 K)

b. HEAT CONTENT AND ENTROPY OF Ni (g) 4
(Base, ideal gas at 298.15 0 K)

T, OK HT - H298.15 ST- S298. 15  T, -K HT - H 298.15 6 ST S298.15
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 575 1.66 1900 9310 10.77
500 .50 2.94 2000 9865 11.05
600 ..... 1740 4.01 2200 10,970 11.58
700 2335 4.93 2400 12,065 12.36
800 2930 5.73 2600 13,155 ý2.49
900 3525 6.43 2800 14,235 12.89

1000 4120 7.06 3000 15,310 13.26
1100 4715 7.62 3500 17,985 14.09
1200 5300 8.13 4000 20,665 14.80
1300 5885 8.60 4500 23,370 15.44
1400 6465 9.03 5000 26,135 16.02
1500 7040 9.43 6000 31,940 17.08
1600 7615 9.80 7000 38,305 18.06
1700 8185 10.14 8000 45,415 19.01
1800 8750 10.46

Ni (g):
Enthalpy: HT - H,98.,5 5.99T + 0.36 X 101'T-1 - 1907 (0.3 percent; 298-1000oK)
Heat Capacity: C = - 5.99 - 0.36 X 105T-
Enthalpy: HT- Hg,s I= 6.07T- 0,11 X 10-3 T 2 - 4120 (0.4 rercent; 1000-4500'K)
Heat Capacity: C•-6.07 -- 0.22 X 10-aT
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Nickel, NI (page 3)

Heat Capacity, cal./deg./mole at 2981K: (soli.i) 6.23
(liquid) 9.20
(gas) 5.58 4,5

c. HEAT CAPACITY OF Ni
(Solid, 298-1728°K; liquid, 1728-30000K) 5

T, °K CO (cal./deg./mole)

298 6.23
500 7.47
800 7T44

1200 8.16
1600 8.8
1700 9.06
1800-3000 9.20

See equations above
Decomposition Temperature:
Decomposition Products:
Vapor Pressure:

Press. mm. 1 10 40 100 400 760 M.P. 1
Temp. 0 C 1810 2057 "234 2364 2603 2732 1452

X-Ray Crystallographic Data: Atoms/ I

System Space Group a C Unit Cell
(h) hexagonal D4h 2.65 4.32 2
(•) cubic Oh, 3.517 4

Hygroscopicity: Nonhygroscopic. Not affected by water. 29
Solubility Data: 1, 29

In water, fused alkalies or NH$: insoluble
In dilute HNOs: soluble
In HCI or H2SO4 : slightly soluble

Health Hazard': Exposure to nickel may cause dermatitis (Nizkel itch) in sensi- 12,25, 29
tive individuals. Ingestion of large amounts (even 1-3 mg./kg. of body
weight) causes nausea, vomiting, diarrhea, depression of the central ner-
vous system, and myocardial damage. Its health hazard is, however, con-
sidered slight.
M.A.C., mg./m.$: 0.5 25

Safety Classifications:
OSM: class 2
ICC: Listed under "Explosives and Other Dangerous Materials." Classed

as a flammable solid; red label.
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Nickel9 Ni (page 4)

Fire and Explosion Hazard : Ni dust is explosive and a dangerous fire hazard. 12, 14, 49
It has an ignition temperature above 7001C, ind burns w th intense heat.
When compounded with oxidizing agents the powdered me•tal is a danger-
ous fire and explosion hazard. It decomposes ateam at red heatý The amount
of powdered metal which may become involved in a fire should be strictly
limited. rires must not be fought with ordinary streams of water because
of the danger of liberating large quantities of hydrogen gas. Fires involving
small amounts of powdered Ni may be fought with fog nozzles or special
extinguishing powders,

In the repair or maintenance of buildings or equipment, powder or
dust should be reduced and nonsparking tools used. Store and process only
in rooms or bVimdings adequately ventilated at the highest point.

Electrostatic Sensitivity: not ignited by electric 49
sparks

Use in Pyrotechnics: as a fuel
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NITROCELLULOSE (12.6% N) Refes.
(Cellulose Nitrate, Pyrofcellu!ose, Pyro, Nitro Cellulose, Nitrocotton)

Formula: [CeH 1•o,-70 , ((0N02 ) :],
Where x - no. of 0N0 2 groups and n degree of polymerization. For
12.6% N, x==2.45.

Specification No.: JAN-N-244
The spec. lists four ggrades of which Grade A, with 12.60 L 0.10% N, is
used for pyrotechnics.

Mo)ecular Weight: V-riable, approx. 0.42 ,o 0.78 X 108 or 272.3 n (calculated Addnl. Ref. 1
from formula)

Form: Cotton-like fibrous solid or amorphous powder (when cut up or beaten).
Color: white 1
Density, g./ml.: (sol'id) about 1.66 Addnl. Ref. 1
Coefficient of Thermal Expansion, linear: 9-16 X 10-5 31
Heat of Formation, caJL/g. -617 13
Free Energy of Fc .:mation:
Entropy:
Melting Point: Decomposes. In a vacuum melts at approx. 4730 K (200 0 C) Addnl. Ref. 2

before exploding.
Heat of Fusion:
Boiling Point: aecomposes
Transition Point:
Heat of Sublimation:
Aeat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature: See Addnl. Refs. 1, 2, 3, 4

For DTA see Ref. 33
Decompositien Proddcts: Depend on conditions of decomposition.
Vapor Pressure :

Press. mm. 0.0 0.0 13
Temp. OC 25 60

X-Ray Crystallographic Data: for cellulose trinitrate(x=3)
Molecules/ Addnl. Ref. 1

System Space Groiqp a b c Axial Angle Unit Cell
monoclinic 13.9 25.6 9.6 fi 90"'

(ygroscopicity, g. H,0/100 g. N.C.: 334.3 - 23.65 N
31.11 - N (approx.) Addnl. Ref. 1

or more roughly 14.6- N % nitrogen
at30 and 90% R.H.,%: 313
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Nitrocelulose (12.6% Nl) (pago 2)

Solubility Data: Numerous substances dissolve or more accurately disperse Addnl. Ref. 1
pyrocellulose. Among these are acetone, ether-alcohol (2:1), fatty acid
esters, nitro compounds, apd organic nitrates.

Swater, ether, and benzene: insoluble
Safety Classifications:

OSM: Class 12 when wet with 8-30% water.
ICC: Listed under "Explosives and Other Dangerous Materials," as a

high explosive when dry and as a flammable liquid when dispersed
in a solvent; red label.

Fire and Explosion Hazard: Dry nitrocellu~ose is extremely sensitive to shock 12, 14
ard friction, and very dangerous whe, ignited, even in the open, or when
heated with oxidizing agents. Dry nitrocellulose burns in an instar-taneous
flash. Wet nitrocellulose is less hazordous. Nitrocellulose when impure is
subject to spontaneous ignition. Storage of dry nitrocellulose is not per-
mitted as it has all the hazards of a sensitive and easily ignited high
e~plosive. It is stored wet (25-30% water) in zinc-lined boxes or metal
drums. Must contain not less than 20% moisture by weight when shipped.
Caution: keep away from heat and open flame.

Flash Point, closed cup, OF" 40 12
Impact Sensitivity, 2 kg. wt.: 13

Bur. of Mines Apparatus, cm.: 8 (10% point)
Sample weight, mg.: 3 (10% point)
P.A. Apparatus, in.: 5

Explosion Temperature Test:
5 second point 170 0 C with decomposition M

Electrostatic Sensitivity: Readily accumulates static charges when dry. 14
Volatility at 600C, micrograms/cm.2/hr.: 0 13
Oxygen Balance to C0 2 , 0: -35

to CO, %: 0.6
Vac'ium Stability Test, 5 g. sample

5 -mp_6 90 100 120
cc. 40 Vrs. 0.17 1.0
cc. 16 hrs. 11.+

200 Gram Bomb Sand Test, 0.4 g. sampl'-
Grams sand crushed to pass a 30-raesh sieve: 45.0

Sensitivity (initiator required for complete detonation)
Lead azide: 0.10 g.

Heat of Combustion, cal./g.: 2409
Heat of Explosion, cal./g.: 855
Gas Volume on Explosion, cc./g.: 919
Second Order Transition Temperature, °C: (approx.) 66 59

(nitrogen content not mentioned):
Use in Pyrotechnics: For coating compositions to reduce the penetration of 20

moisturc, and as a bonding agent.
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Nitoeaulose (12.6% N) (page 3)

Additional References:
1) "Cellulose Nitrate," F. D. Miles, Oliver and Boyd, London and Edin-

burgh. Interscience Publishers, Inc., New York (!955)
2) "The Spontaneous Ignition of Nitrocellulose," E. K. Rideal and A. J. B.

Robertson, Third Symposium on Combus'.ion and Flame and Explosion
Phenomena, The Williams & Wilkins Compaiiy, Baltimore (1949)

3) "Cellulose and Cellulose Derivatives," E. Ott et al., Eds., Interscience
Publishers, Inc., New York (1954-55)

4) "The Kinetics of Thermal Decomposition of Nitrocellulose?,R. W. Phil-
lips et al., J. Phy. Chem. 59, 1034 (1955)

--2I
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PARLON Refsa.
(Chlorinated Rubber, Tornesit, Alloprene. Parlon is trademarked 59

by Hercules Powder Co.)
CHSI

Formula: Rubber chlorinated polyisoprene [- CH2 - C -- CH - CH2]. chlori- Addnl. Ref. 1 /
nated approximately 67 % Cl by weight.
Chlorination of rubber results in a complete reaction. There is not only 59 60, Addnl.
addition and substitution of chlorine but also cyclization along the polymer Riefs. 1 2
chains. The theoretical chlorine content for the completely chlorinated iso-
prene unit, C5H6C14, is 68.5%. Parlon is marked in five viscosity types.
Stabilized Parlon usually contains 1% of an epoxy compound as a stabilizer
to improve resistance to heat, ultraviolet light and moisture. Sunlight
causes discoloration and embrittlement in unpigmented, unstabilized films.
Parlon is resistant to dampness, soaps, molds, and mildew.

Molecular Weight: Variable (high) depending on viscosity.
Crystalline Form: Coarse amorphous inelastic powder; poorly crystallized, 59 Addnl.

granular powder. ef. I
Color: white (color of film,

water-white)
Density, g./ml.: (solid) 1.56 (also givcn as

1.64 and up) Addnl. Ref. 1
Coefficient of Thermal Expansion: 12-13 X 10-5 60
Heat of Formation:
Free Energy of Formation:
Entropy:

Melting Point, softening point of film: 413 0K (140 0 C) Addnl. Ref. 1
Heat of Fusion:
Boiling Point:
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature:

Effect of dry heat on film (continuous exposure) stable up to 1250 C. Appre- Addnl. Ref. I
ciable decomposition at 1350C.

Decomposition Products:
Vapor Pressure:
X-Ray Crystallographic Data:
Hygroscopicity: Moisture content as shipped is less than 0.5%. Addnl. Ref. 1

Absorbs little moisture on storage.
Moisture absorption at 80% R.H. in 24 hr., % : 0.14
Water vapor transfer of free film, g./100 sq. in./mil. in 24 hr. at 950F and
100% R.H.. 1.0
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Parlon (pape 2)

Solubility Data: Soluble in CC14, esters, aromatic hydrocarbons, and ketones. 59, 60, Addnl.
Unaffected by strong or weak acids or alkalies, salt spray, aliphatic alco- Ref. 1
hols, and aliphatic hydrocarbons. Insoluble in acetone alone.

Health Hazard: nontoxic
Safety Clasifications:

OSM0 : not listed
ICC: not listed

Fire and Explosion Hazard: Nonflammable. Will ignite in the flame of a bunsen 59,60
burner, but the flame ii selfextinguishing. On burning, it melts, gives off
bubbles of gas and chars.

Electrostatic Sensitivity:
Use in Pyrotechnics: As a color intensifier and binder. Used in rapid drying 59, 60, Addnl.

paints. Ref. 1

Additional References:
1) "Parlon, Properties and Uses," Hercules Powder Co., Inc., Wilmington,

Del. (1957)
2) "Rubber, Polyisoprenes, and Allied Compounds. Part IV. The Relative

Tendencies towards Substitutive and Additive Reaction during Chlori-
nation," G. F. Bloomfield, J. Chem. Soc. 1943,289

R22.

Downloaded from http://www.everyspec.com



PHOSPHORUS, P, (yellow), P (red) Refs.

Specification No.: yellow, P4  JAN-P-211
stabilized red, P JAN-P-670

The spec. covers two grades, A and B, which differ in purity and granu-lation.
Molecular Weight: (yellow, P4) 123.90 4,5(red, P) 30.974Crystalline Form and Color: The yellow or white is cubic in form; the red or

Sreddish brown, cubic or triclinic in form; the violet, monoclinic. 1, 5
Phosphorus occurs in four allotropic forms: yellow or white, red, black, 1, 5, 16, 29,and violet. Yellow (white) phosphorus varies in color from almost colorless Addnl. Ref. 1
to pale yellow. It is a waxlike solid which phosphoresces in the dark with
a greenish light and gives off white fumes. It ignites spontaneously in air.
Phosphorus is produced directly from phosphate rock in the electric fur-

Snace. When distilled at 2900C, the red modification yields whike phosphorus.
At 600-8000 K, liquid white phosphorus is rapidly converted to red phos-
phorus; at 704-30000K, the gas is mainly in the diatomic form; below 7040
it is in the tetratomic form. Black phosphorus resembles graphite in tex-
ture. It is produced from white phosphorus under high pressure. Phos-
phorus, Red, Spec. No. 51 P, 37, and Phosphorus, Red, stabilized, Spec.
JAN-P-670 are the two types of red phosphorus used in pyrotechnics com-
positions. Red phosphorus is a reddish-brown powder. Stabilized red phos-
phorus is less sensitive and hence slightly less of a fire hazard.

Density, g./ml.: (solid) yellow, 1.82 1
red, 2.20black, 2.70

Coefficient of Thermal Expansion, linear, 0-44OC: 124 X 10-8' 1
Heat of Formation, Kcal./mole at 298OK: (gas) 75.18 9
Free Energy of Formation, Kcal./mole at 298 0K: (gas) 66.71 9

white (c) 0.000
red (c)--4.4

black (c) -10.3
Entropy, cal./deg./mole at 298°K: white (c) 10.6 9

red (c) 5.46
See Tables a to e

Melting Point: white (a) 317.4*K 5
(44.30C)

red, 8700K (597-C)
Heat of Fusion, cal./mole: white, 150 5
Boiling Point: white, 554-K (21RoC)

red, 2800K (7TC)
(ignites in air) 1,5
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nPhmborust P6 (yeflow), P (red) (page 2)

Transition Points and Heats of Transition:

Form Temp. of Transition Heat of Transition
Initial Final aK Kcal./mole
c, IV C 111 30.31 0.0197
4 III c, 11 49,4 0.186

11 c, I 88.12 0.116
I = blck, II = red, III and IV --= white
(p-white transforms to a-white at -76.90C) Addnl. Ref. 2

Heat of Sublimation, cal./mole at 298OK: (white to P, gas) 14,100 5
(red to P4 gas) 30,820

(P 2 gas) 42,725
(P gas) 79,800

a. HEAT CONTENT AND ENTROPY OF P (red) 4
(Base, crystals at 298.150 K)

T, OK -1I - H=3.1. ST - S298.15 T, -K HIT - H 298.15  ST - S298.15
cal./mole cal./deg. cal/mole cal./deg,

mole mole
400 620 1.79 700 ..... 2690 5.62
500 ... 1270 3.24 800 3440 6.62
600 1970 4.51

P (red)
Enthalpy: HT- H293. ,1 - 4.74T + 1.95 X 104T2 - 1587 (0.3 percent; 298-8000 K) ...
Heat Capacity: C, = 4.74 + 3.90 X 10-T

b. HEAT CONTENT AND ENTROPY OF P 4 (white, 1)
(Base, crystals at 298.150 K)

T, oK HT -H2,.5 ST - S6. 15 T, -K HT - H218s 15  ST S29 8.15
cal./mole cal./deg. cal./mole cal./deg.

mole mole
817.4 (c) 484 1.41 370 ..... 2270 6.90
317.4 (1) 1034 3.30 400 2975 8.74
350 1800 5.60

P4 (White):
Enthalpy: HT-H..5 =22.50T - 6708 (0.1 percent; 298-31'7.4 0 K)
Heat Capacity: C, == 22.50; A H311 .4 (fusion) - 600

P4 (1):
Enthalpy: HT - H,..is = 23.50T- 6425 (0.1 percent; 314.7-4000 K)
Heat Capacity: C, = 23.50
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S- Phosphorus, P, (yellow), P (red) (page 3)

c. HEAT CONTENT AND ENTROPY OF P (g) 4
(Base, ideal gas at 298.150K)

T, oK HT - H,,s.15  ST - Su. 15 T, -K HT - H2,,3 .l ST - SM. 16
cal./mole cal./deg. cal./mole cal./deg.

mole mole

400 ..... 505 1.46 1900 7975 9.21
500 1005 2.57 2000 8480 9.47
600 1500 3.48 2200 9500 9.96
700 1995 4.24 2400 ...... 10,535 10.41
800 ..... 2495 4.90 2600 11,590 10.88
900 2990 5.49 2800 12,670 11.23

1000 3490 6.01 3000 ...... 13,780 11.61
1100 ..... 8985 6.49 3500 ...... 16,685 12.51
1200 ..... 4480 6.92 4000 19,790 18.84
1300 ..... 4980 7.32 4500 ..... 23,070 14.11
1400 5475 7.69 5000 ...... 26,495 14.88
1500 ..... 5975 8.03 6000 33,605 16.13
1600 6470 8.85 7000......40,825 17.24
1700 ..... 6970 8.65 8000 .. 7,980 18.20
1800 7475 8.94

P (g):
Enthalpy: HT- H,,. 15 -= 4.97T - 1.482 (0.1 percent; 298-20000 K)

d. HEAT (IONTENT AND ENTROPY OF P2 (g) 4
(Base, ideal gas at 298.15 0 K)

T, OK HT - H2,,8 .1  ST - SM.Is T, -K HT - H,.. 1, ST- S,.. 1 S
cal./mole cal./deg. cal./moie cal./deg.

mole mole
400 800 2.31 1000 5910 10.06
500 ..... 1620 4.14 1200 7660 11.65
600 ..... 2450 5.65 1400 .. 430 13.02
700 8300 6.96 1600 11,200 14.20
800 ..... 4160 8.11 1800 12,970 15.24
900 5030 9.13 2000 14,750 16.18

P2 (g):
Enthalpy: HT -H ,,.1 = 8.31T + 0.28 X 10"8V + 0.72 X 10rt-1 - 2740(0.4 percent; 298-20000K)
Heat Capacity: C, = 8.81 + 0.46 X 10-&T - 0.72 X 10'Tv-
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Phosphorus, P, (yeflow), P (red) (page 4) I
e. HEAT CONTENT AND ENTROPY OF P, (g) 4

(Base, ideal gas at 298.150K)
T, OK HT - Hju.15 ST - S•s.i. T, oK HT - H2u. 15 ST - "82 .15

cal./mole cal./deg. cal./mole cal./deg.
mole mole

400 ..... 1710 4.93 1300 18,900 27.21
3500 8.92 1400 20,860 28.67

600 H. - 5 3 60 12.31 1500 . .. 22,830 30.03
700 7240 15.21 1600 p24,800 31.30
He0 ..... 9150 17.7± 1700 .26,770 32250S900 . .. 11,080 20.03 1800 . .. 28,740 33.62

1000 13,020 22.07 1900 .96 30,720 34.69
1100 .14,980 23.94 2000 32,690 35.70

em1 200 ..... 16 .69.0 25.65 1
P4()"

Enthalpy: H-r- Hms.1 to 18.93T + 0.43 X 10-w[P + 2.81 X lO5T-I - 6625

(0.2 percent; 298-15008K) 3
Heat Capacity: C2 -. 18.9 7 + 0.86 X 10-3T - 8.81 X 10 81T-
Heat Capacity, cal./deg./mole at 298UK: (gas) 4.96 9See tables above
Vapor Pressure:i

Prew. mm. 1 10 40 100 400 760 M.P.
Temp oC (yellow) 76.6 128.0 166.7 197.3 251.0 280.1 44.1 1

(black) 290 &M8 371 393 432 453 ...
(violet) 287 287 323 349 391 417 590

X-Ray Crystallographic Data: Unit Cell
Syastem Space Group a b c Molecules/red, black (rhombic) V2 8.31 4.38 10.50 8(yellow) (cubic) (at 35-C) 7.17 16 (4P,)

(Crystalline and amorphous black and red P. give similar X-ray patterns)
Hygroscopicity, Red P at 70°F and 216 hr. exposure:* 33

R.H. 50 76 90
Gain in wt., % 2.04 5.0 11.06

Solubility Data:
Yellow or White Red 1,29

H2O: 0.0003 g./ml. at 15 0 C very slight
slight in hot insol. in hot water

Alcohol :0.3 g./O0 m. slight in abs. alc.CSo 880 g./100 ml. at 10°C insol. in CS , , ether, NH,
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Phosphorus, P4 (yellow), P (red) (page 5)

Benzene: 1 g. in 35 ml.
CHCI3 : 1 g./40 ml.
Olive oil: I g./80 m).
Oil of Turpentine: 1 g./60 ml.
S1. sol. in NHi, alkalies, ether

Health Hazard: Yellow phosphorus is poisonous even when ingested in small 12, 29
amounts. An approximate fatal dose is 50 mg. Phosphorus fumes are also
very poisonous. External contact may cause severe burns. Long continued
absorption can cause necrosis of the jaw bone and chronic poisoning. Phos-
phorus is especially dangerous to the eyes.
M.A.C. (yellow phosphorus), mg./m.s: 0.1 14
Red phosphor'ts is poisonous on inhalation or ingestion but slower acting 12, 93
than yellow phosphorus. It should never be allowed to come in centact with
the eyes.
Phosphorus poisoning is detectable in the urine. 12

Safety Classifi-ations:
OSM: Class not specified. As a fire hazard it should be listed in class 1.I. ICC: Flammable solid; yellow label.
U.N. Phosphorus, white or yellow, dry, or under water, or in solution is

classified as an inflammable solid, liable to spontaneous combustion.
Fire and Explosion Hazard: On exposure to air white phosphorus (WP) bursts 12, 14

into flame and is thus a serious fire hazard. Containers or ammunition con-
taining WP should be kept below its M.P. or 44.10C, as pressure may rut-
ture the container. Phosphorus is preferably stfred under water in sealed
metal vessels enclosed in wooden boxes or metal drums. WP is dangerous
when heated with oxidizing agents, as it emits highly toxic fumes of oxides
of phosphorus. Use water to fight fire. Red phosphorus, while less reactive
than yellow phosphorus, is a dangerous fire hazard. It is easily ignited by
spark or friction and is dangerous when in contact with organic materials
or oxidizers. It can ignite spontaneously in air. It emits highly toxic fumes
when heated.

Autoignition Temperature, in air, OF: (yellow) 86 75, 29
(red, amor.) 500 67,71

Use in Pyrotechnics: As a fuel, in incendiary and smoke compositions.

Additional References:
1) "Two New Modifications of Phosphorus," P. W. Bridgman, J. Am.

Chem. Soc. 36, 1344 (1914)
2) "Phosphorus and Its Compounds," Vol. 1, J. R. Van Wazer, Interscience

Publishers, Inc., New York (1958)

227

Downloaded from http://www.everyspec.com



PLURONIC F 68
Following information comes from the Wyandotte Chemicals Corporation,

Wyandotte, Michigan, manufacturers of Pluronic F 68.
Pluronic F 68 is a block-polymer prepared by adding propylene oxide to

the two hydroxyl groups of a propylene glycol nucleus. The resulting hydro-
phobic base can be made to any desired length, varying from 800 to many
thousands in molecular weight. By adding ethylene oxide to this hydrophobic
base, it is possible to put polyoxyethylene hydrophilic groups on the end of the
molecule. These hydrophilic groups can be controlled in length to constitute
anywhere from 10 to 90% of the final molecule. The simplified structure can be
represented as HO (CH 2-CHs-O) ,(CH-,CH 2O) b (CH 2, CH 20) oH.

Pluronic F 68 is a flake with a hydrophobic base molecular weight of
ap roximately 1750; 80% of the molecule, by weight, consists of hydrophflic
,O0 polyoxyethylene groups and the remaining 20%, hydrophobic polyoxypropylene
groups. The total molecular weight of F 68 =- 1750 == 8750.

.20
pH of 2.5% aqueous solution: 7
Cloud Point:

of aqueous solutions in concentrations up to 60.0%:
> 100 0C

at 70% concentration: semi-solid
of 10% aqueous solutions at pH 2 and 10
in 4% NaOH: > 1000C
40 % concentration: semi-solid
20% concentration: 26.50 C
100% concentration: 38.50C
1% concentration: 470C

Solubility in Organic Solvents at 250C in g./100 ml. solvent:
Samples of 01, 1.0, 5.0, and 10.0 g. were dissolved in 100 ml. of solventand observed after 30 min. for any phase separations, turbidity, etc.
Ethyl alcohol (95%) • > 10.0
Toluene: 5.0
Perchlorethylene: insol.
Kerosene: insol.
Ethylene glycol: insol.
Vegetable oil : insol.
Mineral oil: insol.

Surface Tension at 250C, dynes/cm.
1.0% solution 41.9
0.1% solution 45.6
0.01% solution 49.9
0.001 % solution 54.3

Using a DuNuoy Tensiometer, samples are in aqueous solutions at the specified
concentrations.

Concentration Required for a 25 sec. Draves Sink Time:
At both 250 and 500C, the maximum concentration evaluated was 5 g./l. At
this concentration the sink time was 300 seconds.

Use in Pyrotechnics: A surfAce acting agent used as a detergent, emulsifier, andwetting agent..

228

Downloaded from http://www.everyspec.com



POLYCHLOI'IOTiilFLU OROETHYLE i E Re,.
(Kel-F Brand OHiI and Waxes)

KEL-F oils and waxes are low mc!.-cular weight polymers of chlorotriflu- All data frond
oroethylen- (CF 2 =ý CFC1) which constitute a homologous series of coinpouuds Addnl.
comnposed of chlorotrifluoroethyleno repeating units and terminal chlorine Ref, 1
atoms. This series is referred to as "whole teloiaer." KEKi-F oils arid waxes are
made by Minne.%ota Mining and Manufacturing Co.
Formula: CI-(CF,-CFCI) ,Cl
Specification No.: MIL-M-55028A
Molecular Weight: From 303 for the lowest boiling (dimer'c) component of

#1 oil to 5-10,000 for the highest melting ingredients of #200 wax.
Color: All KEL-F oils and waxes are coloriess and odorless. It the liquid state

all prodacts are clear and free from sediment. At room temperature the oils
are transparent, and the waxes take on a translucent or opaque white
appearance.

Specific Gravity: KEL-F oils are comparatively denses, with values dpproaching
twice the density of water. The waxes are generally greater than twice the
density of water at temperatures less than 25oC. Specific gravity depends
less markedly on temperature tha-.i does viscosity.

Vapor Pressure: Because of their low heats of vaporization and weak inter-
molecular forces, the oils and waxes arc characterized by relatively high
vapor pres.-ures. Values can be crlculated by meai.s of the vapor pressure
constants and equatioii in the table of typical properties. (See below).

Solubility : Tbe oJ~s and wax-.s are soluble in a-romatic, aliphatic, and chlorinated
hydrocarbons, alcohols, ketones, esters and fluorocarbons; and insoluble inwater and mineral acids. The degree of solubility varies widely with molecu-
lar veight; the 'waxes are 1ess soluble than the oils.

Viscosity: KEL-F oils are available it, three viscosity grades (1, 3, 10 centi-
stokes at 210 0F). #40 wax, by virtue of its law melting point, can also be
considered as An extra-heavy oil (viscosit,- 40 cs. at 210°F). Viscosities
of halofluorocarbon liquids depend markedly on temperature.

TYPICAL PROPFRTIES OF STANDARD KEL-F OILS AND WAXES

-Grade Dcsignation
1 10 40 10-200 200

Molecular Weight 5G0 630 780 940 -..
Clarity (R.T.) clear clear cleac" opaque opaque opaque
Refractive Index, ni

77 0 F 1.400 1'.405 1.410 -..
160OF - 1.398 1.401

Viscosity, centipoises
100OF 2 25 220 - -"
210°F 0.8 3 10 40 55 -
266 0 F' - - - - 145

Viscosity, centipoises
100OF 3.6 47 425 -...
210 0 F - 5 13 75 105 --
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Polychlorotrlfluoroethylene (pg 2rd)eig~to

S~Grade Designation
1 3 10 40 10-200 200

Viscosity, Temp. Coeff.1  0.67 0.88 0.96 - - -

Pour Point, OF <-70 -45 +30 +90 - -

Melting Point, ASTM, D-1270F - - - 100 150 200
Specific Gravity

680 F/390 F 1.84 1.93 1.96 - 2.02 2.11
100CF/390F 1.81 1.90 1.93 - 1.99 --
160F/!390F - 1.85 1.88 1.92 1.94

SVapor Pressure Constants2

A 7.4991 $.4976 9.0503 10.2123 9.6116 --
B 2351 3161 3743 4863 4313

Heat of Vaporization
cal./g. 21 23 22 23 -
Kcal./mole 10.7 14.5 17.1 22 -

Surface Tension, dynes/cm. 23 28 30 -..
Specific Heat, cal./g. - - 0.22 ....
Thermal Conductivity 0

BTU/hr./ft.2/'F/ft. - ... 0.080 0.110 ..
Heat of Formation, cal./g.S -1200 -1200 -1200 -1200 -1206 -1200

V.T. Coeff.- 1-Via at 210°F/Vis at 100°F
2 log P (mm. Hg) = A-B/TOK
3 calculated

Dielectric Properties: The oils and waxes have very good electrical p~roperties.
The dielectric strength of KEL-F oil (0.100 in. gap) is 500 volts/mil. The
volume resistivity is in excess of 1014 ohm-cm.

GCorrosivity: The oils and waxes are noncorrosive, in themselves, towards
metals. Storage in nickel, monel, mild steel, stainless steel, and even alu- .
minum offers no problems under ambient conditions. However, the oils are
not rust-inhibiting, and therefore moisture should be excluded from con-
tainers.

Chemical Stability: KEL-F oils and waxes are extremely stable against the at-
tack o.l strong acids, alkalies, and oxidants. No reaction has been observed
with permanganate, chromic acid, fuming nitric acid, or hydrogen per-
oxide. The oils are not attacked by CIFs at 300OF, concentrated H 2 S0 4 at
4000F, or concentrated aqueous alkali at the boiling point. Oxygen and
ozone do not react appreciably with KEL-F oils; indeed there is evidence
that the oils are even moi'e chemically stable in the presence of oxygen.
Under stringent oxidizing conditions (2000 psig. 02 at 300OF for 8 hr.)
tests have shown no change in KEL-F oil alone or in contact with a variety
of metals. Nor is there any effect on the metals themselves, including copper.
Caution: Softer metals such as aluminum and magnesium may react vigor-
ously with KEL-F oils under conditions of high shear, where fine particles
of fresh metal are exposed.

Health Hazard: The oils and waxes are substantially nontoxic and physiologi-
cally inert. However, thermal decomposition products at extremely elevated
temperatures (6000°F) are toxic and adequate ventilation under these con-
ditions is strongly recommended.
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Polychlorotrifluoroethylene (page 3)

Fire and Explosion Hazard: Because of their high fluorine and chlorine con-
tent, the KEL-F oils and waxes do not support combustion-that is, they
are selfixtinguishing once the igniting source is removed.

Infrared Trans'mission: As halofluorocarbons are substantially free of hydro-
gen, the KEL-F oils and waxes are transparent in the 2-4 micron infraredregion, where most organic liquids are strongly absorbing.

U3e in Pyrotechnics: Oxidizing agent in pyrotechnic compositions.

Additional References:
1) "KEL-F Brand Halofluorocarbon Oils, Waxes, Greases and Alkanes,"
Minnesota Mining and Manufacturing Company (1958)
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POLYTETRAFLUOROETHYLENE Refs.
(Teflon, kluon, Fluoroflex, Polytetrafluoroethylene Resin)

Teflon is a thermoplastic, homopolymer composed of long chains of -CF 2 - 29, 60
units. Its useful temperature range is -75, to + 2500 C. It cannot be molded, but
at 2056C it can be extruded. It is not wetted or affected by water, neither does
it stick to anything. Teflon is the term used in the U.S. and Fluon in Great
Britain.

7FF7

Formula: C- - C- Where n is unknown (see Molecular Weight). 29

F F_ in
Specification No.: PA-PD-G14

Covers one type of general purpose molding or extruding material and the 1
quality of the final molded or extruded parts. The applicable A.S.T.M.
Specifications and Test Methods are D1457, D257, D150, D638, D785, D256,
D792, D648, D696, D543, D542.

Molecular Weight: Unknown; estimated at 500,000 or more and possibly many 40, 68
millions.

Form and Color: Colorless to grey powder, flakes, or grains. Transparent in thin 68, 1
sheet. Teflon is highly crystalline with no appreciable cross linking. A
degree of crystallinity of 93-97% has been calculated for the polymer with
a density of 2.296. Teflon is available as film, laminations, powder (pelletsor granules), rods or tubes (extruded), or sheets. It is fabricated by ex-
trusion, hot forming or drawing, compression molding, and injection
molding.

Density, g./ml. : (solid) 2.1-2.3 1
Coefficient of Thermal Expansion, linear: 5.5 X 10-5 1, 10,

Addnl.
Ref. 12

Below 150 and aboi'e 250 C the cubical coefficieats of expansion are roughly Addnl.
of the same order, 3X104 cc./cc./°C, but at about 200C there is a 1% Ref. 10
increase in volume, presumably due to a change in crystal structure.

Heat of Formation, Kcal./monomole at 298°K: Addnl.
(estimated for particular sample used) -193.5 Ref. 7

-199 Addnl. Refs.14, 15
Free Energy of Formation:
Entropy, Enthalpy, and Heat Capacity:

Form Temp. Entropy Enthalpy Heat Capacity*
°C abs.j. °K-Ig-, abs5j.g-l abs.j. °K- 1g-I

powder 280 1.005 140.5 1.036
310 1.134 178.6 0.9959 1

molded 280 1.019 144.6 1.012 Addnil. Ref.
310 1.137 179.3 1.021 11

annealed 280 1,011 142.9 0.9761
310 1.135 179.4 1.023

*Experimental data show that the heat capacity of a Teflon sample varies

with its mechanics! and thermal history.
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Polytetrafluoroethylene (page 2)

Melting Point: (softening) 6000 K Spec., 68
(327 ± 50C)

Heat of Fusion:
Boiling Point: above 6730K (400 0 C) 40

Teflon begins to evaporate without melting.
Heat of Polymerization, Kcal./mole of monomer: -47 Addnl. Ref.
Transition Point and Phase Changes: 14

Teflon crystallizes in two forms. A first order phase change occurs at about 68
292 0K (190C) and melts at 600 0 K (3270C). A second order transition, in-
volving the crystalline phase, occurs at about 3030 K (300C). This is not Addnl. Ref. 3,
related to the glass transition which has not been located in this polymer, 9, 10,11,
but it must be below 173 0K (-1000C) as the polymer is still flexible at this 12, 13
temperature.

Heat of Sublimation:

COMPARISON OF THE ENTHALPY AND ENTROPY CHANGE
IN THE INTERVAL 280-3100 K

Sample and run A H • S
Teflon powder: abs.j.gr1  abs.joK-lg-1 Addnl.

Run 4 ................... 38.0, 0.1293 Ref. 11
Run 6 . 38.04 0.1294

Molded Teflon:
Run 3 34.68 0.1177
Run 4 ... 34.75 0.1180

Annealed Teflon:
Run 2 ................. ........... .. 36.42 0.,1236
Run 4......... 36.53 0.1240

Quenched Teflon:
Run 2 35.49 0.1205

Specific Heat, cal./deg./g.: 0.28 Addnl. Ref. 7
Above 400C (powdered): C,= 0.2227 + 2.50 x 10-4t (OC) Addnl. Ref. 8

(drawn) C, ==0.2227 + 2.39 X 10-4t (0C)
Decomposition Temperature: about 4000C I
Decomposition Products:

Depolymerizes to the monomer. Above 7500F decomposition liberates F. 68,70, 60,
The polymer decomposes &.L elevated temperatures. In a vacuum, the mon- Addni. Refs.
orner is the chief product. At low temperatures (250-3500C) degradation 2, 4, 5
seems to start at the chain ends. at higher temperatures random cleavage
becomes more important. In air degradation is mo. e complicated, giving off
extremely toxic products. Teflon decomposes slowly above 5250F.

Vapor Pressure at 250 C, mm.: 1 X 10-" Addnl. Ref. 6
In the equation log p,.. A-B/T, A = 4.3, and B 3400 over the range

300-4500 K.
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Polytetraluoroethylene (page 3)

X-Ray Crystallographic Data:
Space Molecules/

System Group a b c Axial Angle Unit Cell
pseudohexagonal 5.54 5.54 16.8 , = 119,5 high temp. 68

form 15 Addnl. Ref. 1
low temp. 40
form 13

The chain repeat distance is 2.62A. Addnl.
Ref. 10

Hygroscopicity: nonhygroscopic PA-PD-614
Solubility Data: There is no known solvent or plasticizer for Teflon. It is unaf- 29, 40

fected by strong acids, even aqua regia, and by strong alkalies. However,
prolonged contact with fluorine, hot plasticizers, and polymeric waxes
should be avoided.

Health Hazard: Heated to decomposition it gives off toxic fumes of F and F 12, Addnl.
compounds. Ref. 2

Safety Classifications:
OSM: not listed
ICC: not listed

Fire and Explosion Hazard: nonflammable
Electrostatic Sensitivity: -

Mechanical Properties:
Modulus of elasticity, 10' psi: 33-65
Tensile strength, psi: 1500-3000
Ultimate elongation, %: 120-350
Yield stress, psi: 1600-2000
Yield strain, % : 50-70
Rockwell hardness: J 75-J 95
Notched Izod impact test: 2.5-4.0

Refractive Index: 1.585-1.600 1
Use in Pyrotechnics: To make inert seals or containers for pyrotechnic corn-

positions, and as an oxidizing agent.

Additional References:
1) Nature 174,549 (1954)
2) D. K. Harris, The Lancet, 1008 (1951)
3) C. E. Weir, J. Research NBS 50, 95 (1953)
4) S.L. Madorsky et al., ibid. 51, 327 (1953)
5) R.E. Florin et al., ibid. 53, 121 (1954)
6) "Vapor Pressure of Plastic Materials," N. Jensen, J. Appl. Phys. 27,

No. 12 (1956)
7) "Combustion Calorimetry of Organic Fluorine Compounds," W. Good

et al., J. Phys. Chem. 60, 1080 (1956)
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Polytetrafluoroethylene (page 4)

8) "Specific Heat of Synthetic High Polymers. V. A Study of the Order-
Disorder Transition of Polytetrafluoroethylene," P. Marx and M. Dole,
J. Am. Chem. Soc. 77,4771 (1955)

9) Structura'. Reports 12, 367-68 (1949)
10) "A Room Temperature Transition in Polytetrafluoroethylene," H. Rigby

and C. W. Bunn, Nature 164, 583 (1949)
11) "Calorimetric Properties of Polytetrafluoroethylene (Teflon) from 00

to 3650K," G. Furukawa et al., J. Research NBS 49, 273 (1952)
12) C.A. 52, 15118 (1958)
13) C.A. 52,12516 (1958)
14) "Thermal Stability of Polytetrafluoroe~hylene,'• C. R. Patrick, Nature

181, 698 (1958)
15) "Thermochemical Studies of Fluorocarbons," H. C. Durra, Ind. Eng.I" Chem. 1445 (1955)
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POLYVINYLCHLORIDE, PVC! Refs,
(Exon, Geon, Koroseal, Marvinol, Pliovic, Tygon, 59,60

Velon, Vinylita, Vygen, Agilide)
Formula: Approximately (-ICH. CHCI • CHCI) ., where n -- about 4000 59

A variable polymer. Specification calls for 56 ± 1% Cl
Specification No.: MIL-P-20307

(includes Army Spec.No. 50-11-.147)

Molecular Weight: variable, approximately 59
250,000

Crystalline Form: (spec. grade) powder
In PVC1, units of the polymer chains are arranged essentially head-to-tail. 68
In addition there may be some branching as a result of chain transfer dur-
ing polymerization. Solid PVCI is only slightly crystalline.

Color: colorless to amber 1
Density, I./ml.: (solid) unplasticed 1.4 59

Specification, Apparent Density: 0.5 ± 0.1 g./ml. Addnl. Ref. 1
Coefficient of Thermal Expansion, linear: 5-6 X 10-5 Addnl. Refs.

1,8
Heat of Formation, Kcal./mole at 250C, 22.6 ± _8 Addnl. Ref. 7

per monomer unit:
Free Energy of Formation:
Entropy:
Melting Point: Variable, depedin on degree of poyeIzation. Begins to 59, Addnl.

soften between 8430 and 3530K (700 and 80 0C). High molecular weight Refs. 8, 6
polymers do not flow well enough for practical molding below 4230K I
(1500C). Second order transition tempe'-ature approx. 3480K (750C).

Heat of Fusion:
Boiling Point:
Transition Point: see Melting Point
Heat of Sublimation:
Heat Content or Enthalpy:
Heut Capacity:
Decomposition Temperat ure: For TGA see Addnl. Ref. 9
Decomposition Products: HCi and darkening

PVC1 begins to break down even as low as 150 0F. It is alsu ýnstable to 59
light, darkening as HCI is evolved. StabiLity to both heat and light can be
greatly improved by the addition of stabilizers. As the loss of HCI appears
to be autocatalytic, the stabilizers used are usually mild alkalies, alkali or
alkali earth oxides and hydroxides, fatty acid salts, or HCI acceptors; e.g.,
acetylene oxide compounds. Alcoholates, carbonates, amines and muny
compounds have been found to be effective stabilizers. These can Le used
alone or in combination to adjust the properties of the plastic in the direc-
tion desired, e.g., flexibility, improved flame resistance.
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Polyvinylehloride, PVCI (page 2)

Vapor Pressure:
X-Ray Crystallographic Data: Partly cmyst•aline; fiber period 5.0 ±t .05 A cr Addnl. Ref. 3

a multiple of 5.OA
Hygroscopicity, Specificmtion Grade M teiiala G'ain in mg./g. at R.T. after

exposure in static and vacuum desicc ,tors:
Time, 65% R.H. | 75% R.H. 86% R.H. 93% R.H. 32
days Stat. Vac.o Stat. Vac. Stat. Vac. Stat. Vac.

1 I0.1 0.1 i0.3 0.3 0.5 0.1 0.7 0.2
7 00.5 0.31 0.2 0.1 083 0.55 0.7 0.2

30 0.1 0.1 0.1
Solubility Data: Insoluble in acids and alkalies. Soluble in cyclohexanone, i19

methylcyclohexanone, nitrobenzene dirnothylformamide, tetrabydrofurane,
isophorone, mesityl oxide. Low molecular weight PVC) is soluble in higher
alkylketones, dioxane, methylene chloride.

Health Hazard:
Safety Classifications:

OSM: not listed
ICC: not listed

Fire and Explosion Hazard: Self extinguishing. Decompoi'ition by heat A 59,6k
liberates HCl.

Heat of Combustion, cal.i'g. (H20 liquid) at 250: 4374.9 Addid. Ref. ?
Electrostatic Sensitivity: --
Use in Pyrotechnics: As a retardant, color intensifier, and bondilg agent.
Additional References:

1) "Linear and Stereoregular Addition Polymers," N. Gaylord and A.
Mark," Interscience Polymers. Vol. 2 (1959)

2) "The Structures and Properties of some Pyrolyzed Polymers," F. H.
Winslow et al. (Paper given June 1955.) Paper in the Proceedings of
the Second Conference on Carbon held at the University of Buffalo,
Buffalo, N.Y. (1956)

3) "The Investigation of Synthetic I,inear Poly rmers by X-Rays," C. S.Fuller, Chem. Revs. 26, 148 (1940)
4) "Infrared Spectra of Thermally Degraded Poly Vinyl Chloride," R.

Stromberg et al., J. Research NBS 60, No. 2, 147 (1958)
5) "Characterization of Organic Substances by Differential Thermal

Analysis," H. Morita and H. M. Rice, Analytical Chemistry 27, 336
(1955)

6) "Specific Heat of Synthetic High Polymers. VI. A Study of the Glass
Transition in Polyvinyl Chloride," S. Alford and M. Dole, J. Am. Chem.

Soc. 77, 4774 (1955)
7) "Heats of Combustion of Some Organic Compounds Containing Chlo-

rine," G. C. Sinke and D. R. Stull, J. Phys. Chem. 62,397 (1958)
8) C.A. 52,15118 (1958)
9) Anal. Chem. 27, 836 (1955)
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POTASSIUM, K Refs.
(galium)

Specification No.: (
Molecular Weight: -39.100
Cryatalline Form: cubic 1
Color: silvery metal I
Density, ff./ml.: (solid) 0.87w" 1
Coefficient of Thermal Expansion, linear at 0-500 C :85 X 10- 27
Heat of Formation, Kcal./mole at 2980K: (monatomic gas) 21,420 5

(diatomic gas) 30,580
Free Energy of Formation, Kcal./mole at 298OK: (monatomic gas) 14,589 5

(diatomic gas) 21,965
Entropy, cal./deg./mole at 2980K: (monatomic gas) 38.30 5

(diatomic gas) 59.67(c) 15.39
See tables below

Melting Point: 836.4-K (63.3°C) 4, 5 4

Heat of Fusion, cal./mole: 558
Boiling Point: 10390 K (7660C) 5
Heat of Vaporization, cal./mole: 18,530 5
Transition Point:
Heat of Sublimation, cal./mole at 2980Y.:

to ideal monatomic gas: 21,420 5
to ideal diatomic gas: 30,580

Heat Content or Enthapy, cal./mole: (solid) 1695 5
See tables below

Heat Capacity, cal./dog./mole: (solid) 7.16 4, 5
(liquid) 7.80
(gas) 4.97

See tables below
a. HEAT CONTENT AND ENTROPY OF K (c, 1) 4

(Base, crystals at 298.150K)
T,OK H HT,-Hs. I& ST-S,. i T, OK HT - H2 s.Ju ST-S.x.cal ./mole cal ./deg. cal ./mole cal ./deg.

mole mole
386.4 (c). . 286 0.90 700 3515 7.97
836.4 (1) .. 844 2.56 800 4225 8.92
400 ........ 1330 3.89 900 4940 9.176
50 ......... 2075 5.55 1000 5665 10. 1Z
600 ...... ... 2805 6.89 1100 6400 11.23

K (c):
Enthulpy: HT- Hm.1., = 1.34T + 9.70 x 110-'T - 1262 (0.1 percent; 298-&3%6.40K)
Heat Capacity: C,- 1.34± 19.40 X 10 -vr
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Potassium, K (page 2)
K (1):

Enthalpy: HT - H2,,8.15 = 7.06T - 0.70 X 105T-1 - 1323 (0.3 percent; 336.4-11000 K) 4
Heat Capacity: C,, = 7.06 + 0.70 X 105T-2

b. HEAT CONTENT AND ENTROPY OF K (g)
(Base, ideal gas at 298.150 K)

T, oK HT - H 29 8 .s ST - S2 98.15  T, -K HT - H 29 8 ,15  ST - 1
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 505 1.46 1900 7965 9.21
500 1005 2.57 2000 ..... 8465 9.46
600 1500 3.48 2200 ..... 9475 9.94
700 ..... 1995 4.24 2400 ..... 10,490 10.39
800 2495 4.90 2600 ..... 11,525 10.80
900 2990 5.49 2800 ..... 12,580 11.19

1000 ..... 3490 6.01 3000 ..... 13,660 11.56
1100 3985 6.48 3500 ..... 16,540 12.45
1200 4480 6.92 4000 ..... 19,810 13o32
1300 4980 7.32 4500 ..... 23,750 14.25
1400 5475 7.69 5000 .... 28,720 15.29
1500 5975 8.03 6000 ..... 42,950 17.87
1600 6470 8.35 7000 ..... 62,210 20.83
1700 6970 8.65 8000 ..... 82,400 23.53
1800 ..... 7465 8.94

K (g):
Enthalpy: HT - H19 8 .1 5 = 4.97T - 1482 (0.1 percent; 298-2000 0 K)

c. HEAT CONTENT AND ENTROPY OF K2(g)
(Base, ideal gas at 298.15 0 K)

T, -K HT - H2 8 .1s ST - S 298.15  T, -K HT - H" 8.15  ST- S" 8.15
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 925 2.67 1600 ..... 12,240 15.65
500 1840 4.71 1700 ..... 13,215 16.24
600 2760 6.29 1800 14,200 16.80
700 3685 7.82 1900 15,180 17.33
800 4615 9.06 2000 ..... 16,170 17.84
900 5550 10.16 2100 ..... 17,165 18.33

1000 6490 11.15 2200 ..... 18,165 18.79
1100 7440 12.05 2300 19,170 19.24
1200 8390 12.88 2400 ..... 20,180 19.67
1300 9345 13.65 2500 21,195 20.08
1400 10,305 14.36 2750 ..... 23,760 21.06
1500 11,270 15.02 3000 ..... 26,350 21.96
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Potasoium, K (page i)

Enthalpy: HT- H2 98 . 5 -- 8.91T +- 0.26 X 10-1T 2 2680 (0.1 percent; 298-3000 0 K)
Heat Capacity: Cp, = 8.91 + 0.52 X 10 2T

For tables of thermodynamic values see Ref. 5
Decomposition Temperature:
D&-omposition Products:
Vapor Pressure:

Press. mm. 1 10 40 100 400 760
Temp. OK 341 443 524 586 708 774
At M.P. vapor pressure is 0.23 mm. 34

X-Ray Crystallographic Data: 1
System Space GrouTp a Atoms/Unit Cell
cubic O 5.333 2

Hygosccpicity: Reacts with water to form KOH and H2 . 12
Caution: Keep under liquid containing no oxygen; e.g., petroleum or in an 14
inert atmosphere of argon or nitrogen.

Solubility Data: Soluble in liquid NH3 , ethylene diamine, aniline, and mercury. 1, 29
Reacts with water, and alcohol.

Health Hazard • Extremely caustic to all tissues. The fumes of potassium oxide
are very toxic.

Safety Classifications:
OSM : Class 2
ICC: Listed under "Explosives and Other Dangerous Materials" as a
":Flanunable Solid"; yellow label.

Fire and Explosion Hazard: Potassium reacts vigorously with water to form 12, 14, 16, 75,
caustic KCOH and evolve hydrogen. The heat evolved causes the potassium Addnl. Ref. 1
to melt and the hydrogen to burn. If there is any confinement, the hydrogen
may explode. Burning potassium is difficult to extinguish. To fight a fire,
use dry powdered soda ash, graphite, or special mixtures of dry chemicals.
Even when stored under mineral oil, the peioxide (K 202 ) and superoxide
(K0 2 or K204 ) may form, and an explosion may occur when the material is
handled or cut. Potassium which has become coated with a layer of oxide
should be burned. The fumes of potassium oxide are highly toxic. Do not
use CC14 on fire as an explosion may result. Use powdered talc.

Electrostatic Sensitivity:
Use in Pyrotechnics: As a fuel and to color burning smoke compositions violet.

,,dditional Reference:
1) C.A..-7, 2,78 (1.943)

2tO
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POTASSIUM 11ICARBONATE I Refs.
(Potassium Acid Carbonate,

Potassium Hydrogen Carbonate)
Formula: KHCO8
Specification No. : MIL-P-3173
Molecular Weight: 100.11
Crystalline Form: monoclinic I
Color: colorless I
Density, g./mI.: (solid) 2.17 1
Coefficieni of Thermal Expansion:
Heat of Formation, Kcal./mole at 298°K: -229.3 1,9I Free Energy of Formation, Kcal./mole at 298OK: -205.7 86
Entropy:
Mefting Point:
Hdat of Fusion:
Boiling Point:
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature, OC: 100-200 1
Decomposition Products: K2C0s + CO2 -+- H20 44V22 II
Heat of Dissociation, cal./mole: 15,730 Addnl. Refs.

1,2
Vapor Pressure of Dissociation (to CO2 + H20) is given by Addnl. Ref. 1

3420log Prm. r- 10.832- 3420
T abs.

2KHCOs (s) = K 2COs (s) -- C0 2 (g) + H20 (g)
Press. atm. .0054 .1463 .2527 .6203 .8034 .9645 91
Temp. OK 340.8 389.5 400.3 419.4 424.9 429.1

X-Ray Crystallographic Data:
Space Group a b c Axial Angle MoleculesLeM, it Cell 18V4

C5h 15.176 5.630 3.708 1- 1030 45 4
Hygroscopicity : Nonhygroscopic. Stable in dry air. in more than 701 saturated 44V22 II

humidity it absorbs water. In damp air loses CO 2 and forms a coating of

Solubility Data: In cold water: 22.4 g./100g. I
In water at 601C: 60 g. / 100g.
In alcohol: insoluble

I health Hazard: Excessive doses may cause hypet kalemia or alkalosis. 29
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Potasium Bir-arbonate (page 2)

Safety Clasuifications:
OSM: not listed
ICC: not iL.ed

Fire ,ad Explosion Hazard: -.-

Electrostatic Sensitivity:
Use in Pyrotechnics: As a retardant, and to color burning compositions pur-

plish-red.

Additional References:
1) "The Dissociation Pressures of the Alkali Carbonates. Part II. Polas-

sium, Rubidium, and Cesium Hydrogen Carborates," R. M. Caven a
H. J. Sand, J. Chem. Soc. 105,2752 (1014)
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POTASSIUM C7ILORATE KC00, Refs.
Spe6zification No.: MIL-P-150A

Specification Grades and Classes: The specification covers three grades:
Grade A, low bromate co.ntent; Urade B, high bromate content; and Grade
C with magnesium carbonate. Grade C is (.ivided into seven classes based
on granulation. Grade A is used in primer mixtures, Grade B in pyrotechnic
mixtures, and Grade C in colored smoke mixtures.

Molecular Weight: 122.55
Crystalline Form: -monoclinic 1
Percent Ogygen: 39.17
Color: colorless I
Density, g./ml.: (solid) 2.32 1
Coefficient of Thermal Expansion, -, over the range 44V22 I

-78 0 to 4- 21oC: 22 X 10-5
Heat of Formation, Kcal./mole at 298OK: -93.50 1, 9
Free Energy of Formation, Kcal./mole at 298OK: -69.29 1, 9
Entropy, cal./deg./mole at 298OK: 34.17 3,9
Melting Point: 641.5-K (368.4-C) 1

Literature Values: 334-372cC 65
Heat of Fusion:
Boiling Point: Decomposes at 6730K (400 0 C) giving off 0. 1,20
Transition Point: Monoclinic to rhombic 5280K (255 ± 50C) 42, 44V22 1
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity, cal./deg./mole at 298OK: (solid) 23.96 9

Temp. OC C,. eal./deg./mole 65
-150 14.7
-100 18.9

0 23.4
50 25.1

100 28.4
200 36.2
225 39.7

Decomposition Tempe'ativre: For DTA and TGA see Ref. 33
Decomposition Products: At fusion 2KC10a --*KCIO, + KCI + 20. 20,29

At high temperature the KCIO, decomposes to KC1 + 40.
Heat of Decomposition, kg./cal./mole:

Crystalline decomposition, R.T. Value
KC1O, .-- KCI + 02 12.1 -_ 0.3 Addnl. Ref. 1
KC O --#KCI + 30 -9.7 65
4KC10 8 -- KCIO, + KCI 63
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I
PoUthum Chlovwe, KfIOs (page 2"

Vapor Pressure: ,
X-Ray Cryatallogr&p4ic Data: 1Moiecu!es/

Srstem Space Group a b c Axial Angle Unit Cell
monoclinic (, 4.647 5.585 7.085 / 1090- 38' 2

°c a b c 65
20 4.647 5.U6 7.085 Addnl. Ref. 4
90 4.U65 5.600 7.122

150 4.679 5.611 7,152
200 4.692 5.621 7.180
250 4.706 5.6az 7.209

Hygroscopicity: R.T., after equihibrium hts been established in a vt.n;m desic- 32
cator:

R.H,% 65 75 86 93
Time Exposed 24 hrs. equil. 24 hrs. equil. 24 hrs. equil. 24 hrs. equil.
Gain mg./g.

RI 0.1 0.1 0.1 0.1 0.2 0.2 0.5 0.5
Si - <.1 0.2 - 0.3 - - 0.9

R-- reagent grade; S' = spec. grade
Critical R.H.:
Reagent grade, 97.7% at 250 C 32
Spec. grade, 97.9% at 26.20C
Water absorbed by 2.000 g. at 250C (C.P; material):

Fineness Hours g. H20 absorbed
40-80 mesh 451/4 0.0660

69¾/4 0.1056
931/2 0.1392 Addnl. Ref. 3

1221/4 0.2340
ground 16 0.0248
very fine 69 0.1062

888/4 0.1488

Solubility Data: In water at 20OC: 7.1 g./100 ml. 1,65
at 1000C: 57 g./100 ml.

In alkalies: slightly soluble
At 250C, g./100 g. solvent:

In ethyl alcohol: 0.81
In glycerol : 1.05
In acetone: insoluble
In ethylene glycol: 1.21

At 200C in methyl alcohol: 0.095
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P'otaulum Chlorate, KCGO, (page 3)

Health Hazard: Slight to moderately poisonous. The principal toxic effects of 12, 25, 26,
chlorates are the production of methemoglobin and the destruction of red 29, 65,93
blood corpuscles. Chlorates are also irritating to the genito-urinary tract
and to the kidneys. The probable lethal human dose is 50-500 mg./kg.

Safety Classifications:
OSM: Class 1. Class 2 when not packed or stored in original containers or

equivalent.
ICC.: Listed under "Explosives and Other Dangerous Articles'" and classed

as oxydizing material: yellow label.
Fire and Explosion Hazard: Potassium chlorate is exploded by shock, or heat, 12, 29, 14

and when rubbed in the presence of organic or reducing material (sugar,
charcoal, shellac, sulfur, starch, sawdust, H2SO4 , NH4 conipound&, cyanides,
phosphorus or antimony sulphide). KC10 is sensitive to friction. Chlorate
fires should be fought with large streams of water or with water fog. Note.
See references for important precautions in the handling of potassium
chlorate alone and with mixtures. The danger of spontaneous combustion
with sulfur is greatly reduced by the addition of potassium bicarbonate. 19

Explosive Tests on Specification Grade Potassium Chlorate: 88
Explosion Temp. Test (5 sec. value), 0 C: 467 33
Impact Test Values: (10% point) 38

P.A. Apparatus, 2 kg. hammer
"(22 mg. charge) ;in: 40-+
B.M. Apparatus, 2 kg. hammer, cm: 100+

Use in Pyrotechnics: As an oxidizer and to impart a purple-red color to burning 1, 16, 17
compositions.

Additional References:
1) "The Formation and Decomposition of Potassium Perchlorate anU a

New Determination of the Heat of Decomposition," C.A. 27, 1264
(1933)

2) "Refinement of the Crystal Structure of Sodium Chlorate and Potassium
Chlorate," J. G. Bower et al., Univ. of California, AFOSR Number
TN-59-104, ASTIA Document Number AD 210, 386 (1959)

3) "Hygroscopic Properties of Sodium, Potassium and Ammonium Ni-
trates, Potassium Chlorate ani Mercury Fulminate," G. B. Taylor and
W. C. Cope, Met. & Chem. Eng. 15, 141 (1916)

4) G. Ramachandran and M. Lonappan, Acts. Cryst. 10, 281 (1957)
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POTASSIUM NITRATE, KNO, Ref..
(Saltpeter, Niter) 1,29

Percent Oxygen: 47.48
Specification No.: MIL-P-156B

The spec. covers three classes of about equal purity but of different granu-
lation. Class 2 is used in pyrotechnics.

Molecular Weight: 101.10
Crystalline Form: rhombic or trigonal 1
Color: colorless 1
Density, g./ml.: (solid) 2.109; (liquid) 2.123 - .755 X 10stIC 1

(over the range 850-5650C) 40V2
Coefficient of Thermal Expansion, cubical, 0-.100 0C: 1967 X -10I 1

See also Ref. 54V2
Heat of Formation, Kcal./mole at 298OK: -117.76 1, 9
Free Energy of Formation, Kcal./mole at 2980K: -93.96 1, 9
Entropy, cal./deg./mole at 2980 K 31.81 3

See table below
Melting Point: 611-K (338-C) 7
Heat of Fusion, cal./mole: 2800 4
Boiling Point: decomposes at I1

6730K (4000C)
Transition Point: atopaL4010 K (128 0 C) 4
Heat of Transition, cal./mok: 1400 4
Heat of Sublimation:

HEAT CONTENT AND ENTROPY OF KNOB (,!)
(Base, a-crystals at 298.15 0K)

"T, OK HT - 11298.15 ST - S298. TI -aT -H 298 1.5 ST. -S8.1
cal./mole cal./deg. cal./mole cal./deg.

mole mole
850 .... 12z0 3.80 600 36,50 22.36
400 ..... 24*0 7.17 611 (f8) . 9970 22.87
401 (.) . . . 2520 7.24 611 (1) 12,770 27.45
401 (6) . . . 3920 10.73 700 ..... 15,400 31.46
500 6780 17.11_____

KNOs (a)
Enthalpy: HT-H H8.15  14.55T + 14.20 X< 10-3T 2 - 5600 (0.1 percent; 298-401°K)
Heat Capacity: C,-= 14.55 + 28.40 X 10-ST

KNOs (p):
Enthalpy: HT - Hm. I- = 28.80T - 7625 (0.1 percent; 401-611 0K)

KNO (1):
Enthalpy: HT--H .sj& = 23.50T - 5250 (0.1 percent; 611--7000K)
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S Potassim Nitrate, iKNOS (pap 2)
Heat Capacity, cal /deg./male: (solid) a = 28301 (liquid) 29.50 4,5

See table abve 8=2.

Decomposition Temperature, OC: 400 1
Decomposition Products: From 650 to 7500C. The products of decomposition 85are KNOt + 0 + traces of NO2 . At 8000C decomposition in moe extensivewith KNO2 decomposing to form K2O, N, and 0.

For DTA and TGA ree Refs. 33 and 47
Vapor Pressure:

X-Ray Cryatallographic Data:
Molecules I

System Space Group a Axial Angle Unit CeU
hexagonal C', 4.365 a- = 760 56' 1

Hygroscopicity: Gain in mg./g, at R.T. after equilibrium has been established 32in vacuum dessicators.

%R.H. 65 75 86 98
Time 24 hrs. equil. 14 hrs. equil. 24 hrs. equil. 24 hrs. equil.
Spec. grade ; <1 - 0.2 - 55.2
Purified .9. . <t - <.I

Critical R.H.: Specification grade, 91.' 9* at 20.OOC 82
Purified material, 91.8% at 26.20C

Water absorbed by 2.0000 g. at 250C (C.P. material)

Flineness Hrs. H20 absorbed, g.
40-80 mesh 23/ 0.0147

18.1136
2514 0.1527
42534 0.2687
47 0.2896

ground 7¼/t 0.0453
very 16 V2 0.1056
fine 40 Y2 0.2580

Specification Grade, gain % at 70°F
and 90% R.H.: 0.76 33

Solubility Data: In water (g.100/ml.) : 13.3 at OOC, 31.6 at 200C, and 247 at I1000C
In alcohol and ether: inso: ble

"!ealth Hazard: Ingestion of large amounts may cause violept irritation of the 12, 29, 93
intestinal iinix~g. Prolonged exposure to small amounts may result in aneniia
and nephritis. Moderately poisonous on ingestion or inhalation.
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rPeumum Nitrate, KNOv (par 3)
Safety Classifications:

OSaf : Clas i. Class 2 when not packed or atortd in original shipping
containers.

!CC: Loted undier "Explosives and Other Dangerous Articles" as oxidiz-
ing material; yellow label.

Fire and Explocion Hazard: Dangerous, as it is a fire and explosion hazard. As 12, 14
an o.idixer it can give up its oxygen to other materials to produce a vigor-ous reaction which may result in detonation. Toxic fumes are emitted on
deconiposition.
Potassium nitrate is a strong oxidizer, sensitive to shock, and can be easily
detonated. When mixed with flammable materials it becomes very sensitive.

Electrostatic Sensitivity:
Use in Pyrotethmics: As an oxidizer and to impart a purple-red color to burning 17

compositions.
Additional References:

1) "The Kinftics of Thermal Decomposition of Pctassium Nitrate and ofthe Rtaction between Potassium Nitrate and Oxygen," E. Freeman, J.
Am. Chem. Soc. 79,838 (1957)

2) "Simple Method for Derivative Thermal Analysis," E. Freeman and D.
Edelman, Anal. Chem. 31,624 (1959)

8) "Instrumentation and Applications to Thermogravimetry and Differen-
tial Thermal Analysis," C. Campbell er al., Anal. Chem. 31, 1189 (1959)

4) "A Thermoanaiytical Study of the Ignition and Combustion Reactionsof Black Powder," C. Campbell and G. Weingarten, Trans. FaradaySoc. 55, No. 444,2221 (1959)

5) "Hygroscopic Properties of Sodium, Potassium and Ammonium Ni-
trates, Potassium Chlorate and Mercury Fulminate," G. B. Taylor and
W. C. Cope, Met. & Chem. Eng. 15, 141 (1916)
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POTASSIUM OXIDE, K.,O Refe.
(Potassium Monoxide)

Specification No.:
Molecular Weight: 94.20
Crystalline Form: cubic
Color: colorless to grey i, 44V221

White at ordinary temp., yellow when hot.
Density, g./ml. : (solid) 2.320
Coefficient of Thermal Expansion:
Heat of Formation, cal./mole at 298°K: -86,400 (.t 2000) 2

See table below
Free Energy of Formation, cal./mole at 298 0K: -76,300 (-± 2800) 2See table below
Free Energy Equations:

Reaction Range of Validity, OK 2
1) 2K (c) + % 02 (g) = K20 (c) 298.16-336.4

TFA 86,400 + 33.90T
2) 2K (1) + % 02 (g) = K20 (c) 336.4-1049

A 87,380 + 1.15T log T + 33.90T
3) 2K (g) + % 02 (g) = K20 (c) 1049-1500

A F0 = -103,090 - 16.12T log T + 129.64T

HEAT AND FREE FNERGY OF FORMATION OFK2O (c)
T, -K a H (cal./mole) A F 0 (cal./mole)

298.16 ... -86,400 (± 2900) -76,300 (± 2800)
336.4 .... -86,400 -76,000
386.4 . . -87,600 -75,000
4"9 ..... -87,600 -72,600
500 ..... -87,600 -68,!-30
600 -87,700 -65,100
700 ..... -87,700 -61,400
800 -87,800 -57,600
900 ..... -87,800 -53,800

1000 -87,900 -50.000
1049 ..... -87,900 -48,200
1049 -125,800 -48,200
1100 ..... -125,400 -44,400
1200 -124,700 -37,100
1300 .... ' -124,000 --29,800
1400 .... -122,300 -22,600
1500 ..... -122,600 -15,400

Pha.'e chrnges of Metal
M.P., 336.4 0°f; a H= 5.68 cal./g.-atom

B.P., 1049 0K ;A T = 18,925 cal./g.-atoi
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Peeml•w m OxIWh KsO (pag 2)

Entropy, cul.deg./mole at 298OK: 23.5 ± 2.5 24
Melting Point:
Heat of Fusion: not obtainable 7
Boiling Point:
Transition Point: 12530K (980 0 C) 6
Heat of Transition, Kdal./mole: 6&8 6
Heat of Sublimation:
Heat Content or Enthalpy:
Hfeat Capacity:
Decomposition Temperature: below 763 0K 8

at 1750 ± 100 0K 7
Decomposition Products:
Vapor Pressure of alkali oxide and alkali metal in equil. with solid alkali oxide, Addnl. Ref. 5

atm. at 10000 K (calcd.): 10-s
X-Ray Crystallographic Data:

System Space Group a Moleetdes/Cubi- Cell 18
cubic 6.436

Hygroscopicity: Reacts with water to form KOH with evolution of considerable
heat.

Solubility Data: Very soluble in water and is slightly soluble in alcohol and
ether.
The heat of solution in water. Kcal./mole: 75 44V22 I

Health Hazard: Has a caustic reaction on the skin and respiratory system. 12,25,29
Because it causes dermatitis, avoid its dust and treat exposed skin with
large quantities of water.

Safety Classifications:
OSM: not listed
ICC: not listed
Caustic potash liquid is classified under "Explosives and Other Dangerous
Articles" as a corroaive liquid.

Fire and Expiksion Hazard: Considerable heat is developed by reaction with 12
water. Highly caustic.

Electrostatic Sensitivity:
Use in Pyrotechnics: a product of burning

pottassium compounds

Additional References:
1) "Stability of Solid and Gaseous Alkali and Alkaline Earth Oxides," L.

Brewer and D. F. Mastick, J. Am. Chem. Soc. 73, 2045 (1951)
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POTASSIUM PERCHLORATE, KCIO, Refs.

(Potassium Hlypcrehlorate)

Percent Oxygen: 46.19
Specification No.: JAN-P-217 (2)

The spec. covers one grade and four granulations.
Molecular Weight: 138.55
Crystalline Form: rhombic 1
Color: colorless 1
Density, g./ml. : (solid) 2.52 1
Coefficient of Thermal Expansion, cubical,

from -780 to•+ 18OC: 14 X 10-6 44V22 I
1Iat z" Formation, Kcal./mole at 298°K: -103.6 1, 9
Free Energy of Formation, Kcal./mole at 2980K: -72.7 1, 9
Entropy, cal./deg./mole at 298 0K: 36.1 1,3, 9
Melting Point: 3370K (610 -t 10 0C) 1

Literature values vary from < 4000 to 6100C, with and without mention of 65
decomposition.

Heat of Fusion:
Boiling Point: decomposes at

926-K (653-C) Addnl. Ref. 7
Transition Point: a (rhombic) to p (cubic)

at 572cK (299-C) 9
Heat of Transition, Kcal./mole: 3.29 9
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity, cal./deg./mole: (solid) 26.33 4, 9

Addnl. Ref. 4
Decomposition Tem-.erature, OC : Starts at about 5300 and is complex. 47

See Addnl. Lef. 10 for TGA
Heat of Decomposition of Perchlorates, Kg. cal./mole (constant volume) at Addnl. Ref. 8

room temperature, KCIO4 -. KCI0 2 + 02: .73
Decomposition Products: KCI ± 40 20
Vapor Pressure:

See 54V1
X-Ray Crystallographic Data:

Moleculerl
Syetem Space Group a b c Unit Cell

rhombic V V 8.834 5.650 7.240 4
cubic (340 0 C) T orfP 7.47 Addnl. Ref. 9

D2 8.8X57 5.653 7.254 4 1 97V6
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Potassium Perchdorate, KCIO 4 (pag• 2)

Hygroscopicity: Gain (mg./g.) at 23-50C and 93% R.H. after equilibrium has 32
been established in a vacuum desicator.
Spec. grade, after 24 hrs.: 1
Purified, at equilibrium: < 1.0
Critical R.H. of spec. grade material: 99.3% at 26.20 C 32

Solubility Data: In water, g./100 ml.: 0.75 at 0°C 1, ,5
and 21.8 at 100 C

Solubility in Nonaqueous Solvents at 25°C:
Solvent g./100 g. of solvent 65

Acetone 0.155 72
Eethyl acetate 0.0015 77
Ethyl alcohol 0.012
Ethyl ether insoluble
Methyl alcohol 0.105
Ethyl glycol 1.03

Health Hazard: Moderately toxic and irritating to the skin, mucous mem- 93, 12, 29, 65
branes, and respiratory tract. It may affect the kidneys. Avoid contact with
KCIO4. The probable lethal dose for humans is 50-500 mg./kg.

Safety Classifications:
OSM: Class 1. Class 2 when not packed in original shipping containers or

equivalent.
ICC: Listed under Explosives and Other Dangerous Materials. Classed as

oxidizing material; yellow label.
Fire and Explosion Hazard: A fire and explosive hazard, particularly when 12, 14

mixed with organic material, finely divided metals or sulfur. When heated
it emits highly toxic fumes. For fighting a fire or potassium perchlorate
alone use water.

Electrostatic Sensitivity:
Impact Tests: Charge weight = 0.023 g. 33

Bureau of Mines Apparatus, 2 kg. wt., cm.: (10% point) 100 +
P.A. Apparatus, 2 kg. wt., in.: (10% point) 40 +

Use in Pyrotechnics: As an oxidizer and to color burning compositions purple-
red.

Additional References:
1) Ref. 47
2) "Simple Method for Derivative Differential Analysis," E. Freeman and

D. Edelman, Anal. Chem. 31,624 (1959)
3) M. M. Markowitz, J. Phys. Chem. 61, 505 (1957)
4) L. L. Bircumshaw and B. H. Newman, Proc. Royal Society (London)

A227, 115 (1954)
5) A. E. Harveyet al., J. Am. Chem. Soc. 76,3270 (1954)
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6) 1 ee; se Stinjics of the (Crystal4 Structunos of lathitur Ferchia rate Ti
hydra~te, Aol), dros it~iu Li 01 Perchhlorate), and lPotLss'tuff Pcrcldnr~ae,"
It. J. t'roscn and K, N. Trueblood, Perchiorates, TN-?, OPTNý' 56-563,
ASrPIA DoLIII1(*Id No. AD) 110-384 (14956)

7) C. Duv-:il, C A.-4,,, 8698 (1948)
8) K, A- ilofrmnan and. P, It Marin, C.A. 27l, 1264 1933

")"The Crystal tictr fFtslu ~clcts-NCG "N V, ýMarl
Oroceedings of the Indiani Academy of Scienice, pp. i43-151 (19N7)

10) Anal. Chemn Adta., 105 (19418)
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(For trade nanies antd 2iianvflfaew~rers, see IRer, 60)

Shellac is ik variable naturall pro~luct owaiazzzi i*rori varijous g;wkwe if~ of
Acaci,ý.

Shellac is tLAe only resinooir, substance of anim-al origin. It is produced by 1~ 20, ý,9,
an insect (Tachadia lacca) whiech lives on certain trees Of soLuthern Asia. The !12 V 7
insect takes up sap through its stinger and after a semi-polymierization proce~ss
exudes it ats .4 guri. This Iac secretion coats their bodies and the twigs of thc
trees with a heavy incrustatjon which is seravid off and forms the commercial
stici lac. This contains not only the iac resin but also woody maiter, lac dye, and
the tv dkes ol ma-icct:. T11ese lac is groond a.-i washed to remove the wood
and ruost )f the cohwring matter. Shellic is prepaired from the seed lac, by melt-
ing or by extraction with solvent,,. The mcltý,:i material is spread Ltvnr a hot
cylinder, streliched, and cooled. The cooled shiett is then broken into flakes of
shellac. After purification, shellac varies in color from k nge to lemon yellow.
Orange shellac mnay contain as much as 1%- of powdered orpiment (A8 2 0 3 ).-

Chemnically, shellac contains condensed long chain esters of condensed poly-
:iyiroxy acids tog?ther with rosin and wax. By solvent action the -.-,ax content

Cfk-tire seed lae is reduced to I1%. Shellac ic graded by color and amount of dirt.
The he-t grade contains no resin, but in inferior grades the resin content may
be as high " 1 2 7,.
Characteristics of Shellac (analyticai):

Acid Number: 48-64
Ester NumiAer: 137-63
Saponificaton Number: 194-2131
iodine Number: 18.5- 210 29

Specification No.: MIL-S-210526
(Includes U.S. Army Specification No. 50-11-1'7A)
The spec. covers three grades which differ in purity. Grade A is used in
lyoth primer pyrotechnic compositions. Grade A includes the gr ades of
orange shellac known L% "Double Triangle G, .. ".Diamond I," "Supevfine,"
the highest grades, "D.C." and "V.S.0.' The so-called machine-made sh~e].-
lacs, such aS "CV" and "CVTN ," in general fall under Grade A.

Molecular Weight:
Crystalline Form:
C'ijor: pale orange to

1lemon yellow 59
Denimity, g./ml.: (solid) 1.08-1.131
Coefficient of Thermal Expansion:
Heat of Formation-
Free Energy:
Entropy:
Melting Point: indefinite 388-3931~K

(115-120-C) 20,9
Heat )f Fusion
IBoill1,s po~int: dlecomposes

254

Downloaded from http://www.everyspec.com



Sliellac (page 2)

Trangiti ra Point:

Stle-it of Sublimation;
Heat Content or ,nthalpv
Heat Capacity:
Decomposition 'ernperature:
Decomposition Products:
Vapor Pressure:
X2-Ty Cryt allographic Data:
Hygroscopicity: Nonhygroseopic and not altered on exposure to the air. I
Solubility Data, g./100 g. solution: 29

In water; insoluble
In alcohol: 85-90

(very slowly soluole)
In ether: 13-15
In benzene: 10-20
Sparingly soluble in oi! or turpentine. Soluble in aqueous ethanolamines, 29, 59
alkalies, or borax. Solubility in petroleum ether, 2-6 g./100 g. solution.
Soluble in the lower aliphatic alcohols but not in hydrocarbons.

Health Hazard: none
Safety Classifications:

OSM: not listed
ICC: not listed

Fire and Explosion Hazard: Easily ignited and continues to burn. 60
Ignition Temp. of Dust Cloud, CC: 390 26
Minimum Explosive Concentration of Dust,
mg./l.: 15 26

Electrostatic Sensitivity, minimum energy required for ignition of dust cloud
by electric sparks (millijoules) : 10 26

.. rrotechnc.p: As a b",, er, a fuel retardant, and to reduce absorption 20V1, 20V3
of moisture. It is applied as an alcoholic solution. The alcohol is allowed to
evaporate after application.
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Specification No.: JAN-S-230 and

Amendmnt.t I
Amendrrment I lists two grades (Iifdkring slightly in purity, and four clases
differing in granulation.

Molecular Weight:
"Crystalline Form: Needle-like crystals or vcatahedral platelets (cubic). Occurs 1, 29

in three forms- adamantine (cubic), amorphous, and graphitoidal.
Color: Lustrous black to gray. The amorphous form is a dark brown powder, 1, 29

ztel grey, black plates.
Types and Differences of Behavior: Brown amorphous silicon dissolv-s in 16, 29

molten metals and burns in air to form SiO 2. Black, shiny graphitoidal sili-
con is not easily oxidized and i.ot attacked by the common acids, but is
soluble in alkalies. Crystalline silicon is obtained in dark, steel..grey globules
or six-sided pyramidi. it is less reactive than the amorphous form, but is
attacked by boiling water. The three torrrs are obtained by reduction. Com-
mercial silicon is the graphitoidal flake form and when refined contains
97 % Si and less than 1% iron.

Density, g.!ml.: (solid) adamantine, 2.42 1
amorphous, 2.00

graphitoidal, about 2.4
Coefficient of Thermal Expansion, linear at 250C: 4.2 X 10-6 29

400C: 7.63 X 10-6 1
Heat of Formation, Kcal./mole at 2980 K: (gas) 880.4 1, 9
Free Energy of Formation, Kcal./mole at 29SZK: (sa) 77.41 1, 9
Entropy, cal./deg./mole at 2980K: (gas) 40.12 1, 5, 9

(c) 4.53 1, 5, 9
See Table a

Mehinig Point: .... 4
Heat of Fusion, cal./mole: 12,100 4
Boiling Point: 29500 K (46770C) 5
Heat of Vaporizaiion, Kcal./mole: about 72.6 40V2
Transition Point: none up to 12730K Addnl. Ref. 1

(1000oC)
about 28730 K (26000C) 40

Heat of Sublimation, Kcai./mole: (mcir, tomic Si) 105 5
Heat Content or Enthalpy, cal./mole at 298°K: (solid) 769
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•iIeona, Mi ( page 2)

a. hJAT CONTENT ANI) ENTROPY OFSi (c, 1) 4
(Base, crystals at 298.15"K)

fil, _ IT" 'l~2 M S,_ S-0.,, T, -K iIT I I?1M.I, S S2W.1.5

cal./inole cal./deg. I e/mole cal/deg.
mole mole

400 ..... 515 1.48 1400 6680 9.04
500 ..... 1060 2.69 1500 7340 9.49
600 ..... 1610 3.73 1600 8010 9.92
700 ..... 2220 4.64 1685 (c) . . 8580 1.0.27
800 ..... 2830 5.46 1685 (1) . . 20,680 17.45
900 ..... 3450 6.19 1700 20,77T 17.50

1000 ..... 4080 6.85 1800 21,380 17.85
1100 ..... 4720 7.46 1900 .... 21,990 18.18
1200 ..... 5360 8.02 2000 . 22,600 18.49
1 300 ..... 6020 8.55

Si (c)
Enthal.-y HT- H 29 8 ,t 5 - 5.70T + 0.35 X 10-3T 2 + 1.04 X 101T-' -2079

(0.3 percent; 298-16850 K)
;:2zt Capacity: Cp = 5.70 -4- 0 70 5s. 10-3T - 1.04 X 105T-2

Si (1):
Enthalpy: HT- H2 9s.10 6.1VT + 10,400 (0.1 percent; 1685-2000 0 K)
Heat Capacity: C, = 6.10

b. HEAT CONTENT AND ENTROPY OF Si (g) 4
(Base, ideal gas at 298.150K)

T, -K HT - 11298 US S1- -29".1' T, °K HT - H208.15. ST S2 98. 15

cal./mole cal./dev. cal./mole cal./deg.
mole mole

400 535 1.54 1900 .... 8140 9.43
5C0 ..... 1045 2.68 2000 8665 9.70
601 ..... 1555 3.61 2200 9715 10.20
700 ..... 2060 4.39 2400 10,780 10.67
800 ..... 2560 5.06 2600 11,850 11.10
900 ..... 3060 5.65 2800 12,935 11.50

1000 ..... 3565 6.18 3000 14.020 11.87
1100 ..... 4065 6.66 3500 16.765 12.71
i260 ..... 46tw, 4000 19,520 13.45
1300 ..... 5070 7.49 4500 22,280 14.10
1400 ..... 5575 7.87 5000 25,040 14.69
1500 ..... 6085 8.22 6000 30,555 15.69
1600 ..... 65E5 8.55 7000 36,105 16.55
1700 ..... 7105 8.86 8000 .... 41,845 17.31
1809 .. 7625 9.15
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SM'iiin, Sk prgr~ 3)

Skig)•
Enth'.lpy: ITf- 4 .. 82T -+ .09 x 107T--0.42 x 101(T' 1- 1304

(0.3 nernrent; 298- .5000,i)
tleat Capacity" -,.- ,982 .- 0.1. > 31' t- 0.A2 X 10 5T,'
Heat: Capacity, cal./deg./mole at 298"'K: (soiid) 4.80

(liquid) 7.0
(gis) 5.32

Also see above
Deco.L.poiior. Teo!perature:
Decomposition Pfoducts:
Vapor Prcssure:Prose,• nun. 1 10 40 100 4190 -7"60 £vt.r. {

Temp. 0C M724 7888 2,00 2083 2220 2237 !L2"
at nelting point;, ram. 0.075 1

X-Ray rs~lppi Dc:
System Space Group a Arorns/Uniz Cell

cubic ()7 5.4 1 711 8
Hygroseupiwity (imiled Sil, cumunative increase in, weight alter:

storage over H20 for 18 days 3 days in oven at 1050C4.5S-7, 0.49% 50
koome ca~ing of puwtk w.e.

Solubility data:
In water: insoluble 1
In molten alkali oxide, HF: soluble 29

Health Hazard: slight 12, 25
Safety Cla.ssifications:

OSM: Class 2
ICC: not listed. Probably classed

as a flammable solid
U.N.: inflammable solid

Fire and Explosion Hazard: Powdered silicon when heated in the air is a dan- 12, 14
gerous fire hazard. It burns with intense heat and reacts explosively with
tJAIUAL i.nt .,,.,,:" °•rd 'ridh *N,;e, . P,. Prevent wator from contact-
ing the material. Store anu •,. outi . room or building adequately
vented at the highest point to prevent accumulation of hydrogen gas wbich
results from the reaction of powdered metal and moisture. In the repair or
maintenance of buildings or equipment, powder or dust should be removed
and nonsparking tools used.
The powder is moderately explosive. 49, 51

Flectrostatic Sensitivity, minimum energy required for ignition of powder by
electric sparks, millijoules for dust cloud: 80 2A

Ignition Temperature, 0C: (dust cloud) 775 26
(dust layer) 950

Minimum Expiosive Concentration of powdered
silicon, xrg./l: 100 26

Use in Pyrotechnics: as a fuel
Additional References:

1) J. Phys. Chem. 60, 509 (1956)
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(( S~it.ifieit, Silivic A thwdr ie, iEOek ( ry"~I l, 1,'~ w-) I 12
Percent Oxygen .
Sp(,cificatioi No.
Molecular Weight: 60.06
Crystalline Form :

Type of SiO:.,ý Crystalhwe Form Density M.P. ,C
cristobalite cubic or toragonal 2.32 1710
lechatelierite 2.20
quartz hexagonal 2.653-2.660 < 1470
tridymite rlnon~t)ic 2.28-2.33 167W1

Color: colorles
Density, g./ml.: (solid' 2.61,3-2.660 1

See table above
Coefficient of Thermal Expansion:

quartz (c), -190° to 4- 16')C: 5.21 X 10•
parallel to axis, , -800C: 7.97 X 10-6
perpendicular to axis, 0-80OC: 13.31 X 106
fused, -1910 to -+- 1610: 0.256 X 10 -6

0-301"": 0.42 X 10't
0-1006C: 0.50 X 10-"
0--800''C: 0.546 X 10-6

0-12000°C: 0.385 X 106
cubic expansion, quartz, 50-60°C: 0.3530 X 10-

Heat of Formatioii, Kcal./molk at 298OK: quartz, --205.4 1, 9
cristobalite, --205.0 1

Free Energy of Formation, Kcal./mole at 298OK: quartz, -192.4
cristobalite, -192.1
tridynite, -191.9

a. HEAT AND FREE EN&,RGY OF FORMATION OF SiO2
(a-quartz, p-quartz, 1)

T, OK A H (cal./mole) A FO (cal./mole)
,--20o9.9a0 (± 1000) 1 oro 'O-i 1000)

400 -209,900 - --192,5M'0
5(M' -209,800 -189,1:0
600 -209,700 -183,800
700 -209,500 -179,500
800 -209,200 -175,200
848 .9... -209,000 -173,200
848 .... . -208,70u -173,200
900 -208,600 -1-41,000

1000 -208,400 --166,800
11.00 .-... . 208,300 -162,7G0
1200 -208,100 --158,b0t)
1300 ..... -207,900 -154,400
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s•tiom M)o,,ide, SiO,4 (pag 2

"[', qK • 11 (cal./!nole) ..x F (ca!./niole)

1-100 . -207,800 -150,300
1500 ..... --207,600 -.- f,",.-00
1600 ... . -207,400 --1-12,100
1683 .... -207,300 -138,700
1683 ..... -218,100 -138,700
1700 ..... --218,300 -138,000
1800 ..... -218,200 --133,200
1883 ..... -218,100 -129,300
1883 ..... -216,000 -129,300
1900 ..... --215,900 -128,500
2000 . -215,200 -123,900

Phase changes of Oxide
T.P. (,,-quartz to fl-quartz), 848 0 K ; A H - 290 cal.!mole

T.P. (/1-quartz to fl-tridymite), 11400K; a H =. 180 cal./mole
M.P., 1883 0 K; A H = 2040 cal./mole

b. HEAT AND FREE ENERGY OF FORMATION OF Si02 2
(a--cr-'stobalite; fl-cristobalite)

T, oK A H (cal./mole) A F0 (cal./mole)
298.16 .. . . -209,550 (± 250) -196,650 (±i+_ 300)
400 -209,600 -192,200
500 -209,500 -187,900
523 -209,450 -186,900
523 -209,250 -186,900
600 .-... . 209,100 -183,600
700 -208,900 -179,350
800 ..... -208,700 -175,150
900 -208,500 -171,000

1000 .-... . 208,300 -166,800
1100 -208,100 -162,700
1200 -207,950 -158,550
1300 - 207,750 -154,450
1400 -20'i.•50 -150,350
1500 -. ..3.. -146,300
1600 -207,200 -142,200
1683 ..... -207,050 -138,850
1683 -218,150 -138,850
1 730 -218,100 -138,050
1800 -218,000 -133,350
1900 -21 i,850 -128,650
2000 ..... -217,700 -123,950

Phase changes of Oxide
T.P., 523 0 K; a H := 200 cal./mole
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N I.. ... . . ... . . . .. .. i k. . ..

..q ... . -1209 1900,.•92(
390 2.... 209,400 CY.(,400 ..... .'1, 400 ) 10 0500 0 . 9,20o .. . .0.)o
600 .- 20 I0O0 I 00,p, 0

700 ..... . 90 900 All 0
800 .. 2 , I 0 "175,200
900 ..... -?2)8,500 17 1 ,00(t

1000 ..... -- 2 S,( 30, 1
1100 ..... -208,100 1 (¾7
1200 .'... -207,900) 1 '5- 8,(0o
11100 .207,700 5-I1,400
1400 . 207500 150. 1 )0
1500 ..... -20 ,301 00
1600 ..... -207,2o0 -1,12,200
1683 ..... -207,000 -138,800
1683 ..... --218,100 -138,800
1700 ..... -218,000 --1380,0
1800 ..... -218,000 -13,,400
1900 ..... --217,800 -128,700
1953 ..... -217,700 -126,200
1953 ..... -215,600 --126,200
2000 -215,200 - i23,900

Phase changes of Oxide
T.P. (ct--trid. 4,o fp--trid.), 3900K ; A H =-- 40 cal,/molk

T.P. kp-trid. to ,e-crist.), 1743OK; a 1 =-30 caL,./mole
M.P., 15530 K; A H --• 2150 cal./mole

Free Energy Equations: I
Reaction Rangu of Validity, I k

1) Si (c) 4- 02 (g) =- Si0 2 (--quartz) 298.16- 948
A F -... 210,070 +- 3.98T log T- 3.32 (10 3T-) 4- 6.05 (12)T 1) - o

2) Si (c) + 02 (g) == Si0 2 (p-quartz) 818--1683
A Fr.-=.- 209,920- 3.36T logT- .19 (10 3T2 ) -. 745 (105T 1) 53.4i4T

3) Si (1) + 0 2 (g) -- Si0 2 (pf-quartz) '683-IS 3
AF ... 219,000 + .58rlogT-.47 (10 3T2 ) -. 20 (10)T 1) -- 46.,8T

4) Si (1) + 02 (g) =:- Si02 (1) 1883-2u00
A F=- - 228,590- 15.66T log T + 103.97T

5) Si (c) + 02 (g) -- SiO2 (,-cri3tobalite) 298.16-523
4A FT -207,330 -f 19.96T log T -9.75 10 ST2) -745 (1O,,T 1) - 9,78T
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. IM.oDi S0, (page 4)

6) Si (c) I- 0j (g) -= SiO2 t&p- ristobalite) 5'3-.1683
A Fl- -209,820-3.34T ,)gT-.24 (. L'C . 7A5 (105T ) -53,35T

7) Si ( 3' 02 (g) ... SiO,k ,f? istobalit,2) 1383--2000
AF.-- --218 900 -4- .60' ,o- T-.A2 ((3 -'1) -,20 (1C•T ) -[ 46A9T

8) Si (c) -- 0, (•) SiO (a--tridy24i -) 29816-390
AF•s-.. 207,030 + 2.29TiogT-ii.6" (,G .... ) .745 ( )--.15.64T

0) Si (c) 02 (g) Si0 2 (8&-tridymite) 390-1U83
F' .209,350 i.59T log T- .5K (10- 3 TI) -. 745 (10"T-1) + 47.86T

10, Si (1) .+ ' . (g) 7= FO, pfl--tiidymitp) '683-1953
,• F- -2118.430 4 2.35Tlo-T-.82 (10 'T 2) -. 20 (10T51 ) + 41.OOT

Entropy, caI.'d'g.irole at 28 0 RK: quartz, 20.00 1,9
cristobali'e, 10.19 1
tridymite, 10.36 1

See Table ci
Melting Point:

See Crys .ii`ne 7orrn
Peat of F:iaion, (caA.!/m(ie at 298OK: quartz, 2.0-i' 9

cristobalite, 3.8 ± 0.5 24
Boiling Point: 2503cK (223 0 0C) 1
Heat of Vaporization:
Heat of Su;•;oatior.:

d. HEAT CONTENT AND ENTROPY OF SiO%(cristobalite)
I Base, ,r-cr}staIs at 298 15O'')

3, "K AT- i~l%)ý1 ST- S298~. r T, -K HT H29g., ST-S 2g98 .IsSca./mole cal./deg. ca'I./mole cal./deg.

mole mole
125 0 3.48 1200 14,080 20.90
500. 2660 G.48 1300 ... 15,790 22.27
r%3 '" . ... 410 7.16 1400 ..... . 17,510 23.54
52? ) . . Wo0 7 W54 150 ...... 19,240 24.74

.'U10 9A3 1600 ..... .. 20,990 95.87TO} 5850 12.05 1700 2,• 7 026970 .. 5802.5 10...........22,750 26.95
80)0 7460 1 4.20 1300 . . 27.95

9090 16.,12' 10 . . 26.320 28,92
1000 Ic. 10 Is" 17 811 2000 .. 2.....8,120 A9.84
110 .. ... 112,36 19.4?-

; iO2 (e.,-c'riitobalite)

Ft•, h 9,. -- I 1 1, 281-I 10.53 X 1Q&T 2 -2212 (10 percent; 299-5230K)Iea "" "28 + 0(2 X1 T:aHs
lea Capact• (1,6 2< 0 •T ; H, (transition) ..= 200

26?
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Silicon Dioxide, SiO 2 (page 5)

SiO2 (fi-cristobalite)
Enthalpy: H, - H 298 .I, 14,40T + 1.02 X 10-8T 2 - 4696 (0.2 percent; 523-20000K)
HIeat Capacity: C, -- 14.40 + 2.04 x' 10AT

e. HEAT CONTENT AND ENTROPY OF SiO2 (g1) 4
(Base, glass at 298.15 0K)

T, -K HT - h'1298.15 ST - S2 98 .i• T, OK HT - H298.ir, ST S 298 .15cal./mole cal./dcg. cal./mole cal./deg.
mole mole

400 1230 3.54 1300 15,450 21.57
500 2550 6.48 1400 17,240 22.90
600 3950 9.03 1500 1.9.080 24.17
700 5430 11.31 1600 ..... 20,980 25.39
800 6990 13.39 1700 22,930 26.57
900 8610 15.30 1800 24,920 27.71

1000 10,280 17.06 1900 ..... 26,950 1 28.81
1100 ..... 11,980 18.68 2000 ..... 2ý,,010 29.87
1200 ...... 13,700 20.17 -

SiO2 (gl):
Enthalpy: HT- H2 98 , 1 = 13.38T + 1.84 X 10- T3 + 3.45 X 105T-' - 5310

(0.4 percent; 298-20000 K)
Heat Capacity: C, = 13.38 + 3.68 X 10-T 2 -3.45 X 105 T-2

f. HEAT CONTENT AND ENTROPY OF SiO,(tridymite) 4
(Base, a-crystals at 298.15 0 K)

T, -K I'IT -- IHf9 .15  ST - S29.. T, -K HT - H298 15 ST- 3298.15
cai./nmole cal./deg. cal./rno!e ea / deg.

mole mole
350 ..... 585 1.81 1100 ..... 12,250 19.25
:-90 (a) . . 1085 3.16 1200 ..... 13,940 20.72

•?390 (p) .. . 1125 3.26 1300 .. . .. 15,650 22.09
400 ..... 1270 3.63 1400 ..... 17,370 23.V7
500 ... 2710 6.84 1 500 . .. 19,100 24.b6
6;00 . .. 4170 9.50 1600 . .. 20,85C 25.69
700 ... 5710 11.87 1700 . .. 22,610 26.75
800 7320 14.02 1800 ..... 24,393 27.77
900 ..... 8950 15.94 1900 26,180 28.74

1000 10,590 17.67 2000 27.980 29.66

SiO2 (a--tridymite)
lUnthalpy: III12gV 5,- 327T + 12.40 ?< 10- T 2 -2077 (0.z percent; 298-390 0K)
Heat Capacity: C, 3.27 - 24.80 )< 10 3T; - H39 (transition) -- 40

SiO2 (p--tridymite)
Enthatapa: Uy- C. -13. -- 2.64T + X 1 0-3T2 - 4395 (0.7 percent; 590-20000K)
ý1l-at Capacity: C,,:... 13.64 -1 2.64 X 1U-3-

Downloaded from http://www.everyspec.com



Silicon Dioxide, SiO, (page 6)

Transition Point, "K c, 111 91 c, I114_6 c, 1 l 4_tridymite, c, 1 9
Heat of Transition, Kcal./mole: 0.15 0.12 9
Heat Capacity, cal./deg./mole- (solid) 10.62

(gas) 7.14 9
See Tables d, e, f

Decomposition Temperature: At 1173-1428 0 K and at 1900 0 K the gas is SiO. Addnl. Ref. 3
1kc-rnnogitiort P' !uets:
Dissociation Pressures: 63

Vapor Pressure:
Preas. mm. 10 40 100 400 760 M.P. 1
Temp. °C 1732 1867 1969 2141 2227 1710

X-Ray Crystallographic Data: 1, 18
Space Molecules/

Substance System Group a b c Unit Cell
P--cristobalite (at 2900C) cub 07 7.12 8
a-quartz hex D4 or DO 4.903 5.393 3
a-quartz (at 6000 C) hex D' or D' 5.01 5.47 3

a-tridymite rhomb Dih 9.88 17.1 16.3 - 64
p-t imydite hex D 8h 5.03 8.22 64

IHygroscopicity:
Solubility. Data: Saluble in HF; very slightly soluble in alkalies. Insoluble in 1

water and acids.For the effect of particle size or. the soly. of amorphous
SiO2 in water see Addnl. Ref. 1.

Health Hazard: Prolonged exposure tG Si0 2 dust causes disabling pulmonary 12, 14,25, 29
fibrosis (silicosis). The presence of other dusts may reduce the action of
the silica; this is particularly so with small amounts of Al dust.
M.A.C., million particles per cu. ft. of air for an 8 hr. working day.

Silica--high (above 50% free SiO2) 5
medium (5 to 50% free SiO 2) : 20
low (below 5% tree SiO2 ): 50

Safety Classifications: pone listed in OSM, ICC
or U.N.

Fire and Explosion Hazard:
Electrostatic Sensitivity:

TEMPERATURE STABILITY OF ALLOTROPIC FORMS OF SiO2  Addnl. Ref. 4
Form Temperature Stability

Low (a) quartz Stable at atmospheric temp. and up to
High (f) quartz 575 0 C.

Stable from 573 to 870°C; capable of exis-
tence aboe 8700C 'ut is not stbl e.

Low (a) tridymite Ca pable ot existence at atraospheric temp.
and up to 117 0 C, but is not stable in this
range.
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Silicon Dioxide, SiO2 (page 7)

Lower-high (flj) tridymite Capable of existence between 117 and 1631C
but is not stable in this range.

Upper-high (P2) tridymite Capable of existence above 163',C, and is
stable from 870 to 1470°C; above 14700C is
again unstable; melts at 16700C.

Low (a) cristobalite Capable of existence above 1630C, and up to
200 to 275°C but is not stable in this range.

Nigh (0) cristobalite Capable of existence above 200 to 2750C. and
is stable from 1470 to 1710cC (M.P.).

Vitreous silica Capable of existence at atmospheric temps.
and up to 1000°w and above where it begins
to crystallize with nweasurable rapidity, but
is an unstable undercooled liquid at all
temps. below 17190C.

Use in Pyrotechnics: A product resulting from burning silicon or silicon com-

pounds.

Additional References:
1) G. B. Aldexander, J. Phys. Chem. 61, 1563-64 (1957)
2) Ref. 44V15B

3) L. Brewer and D. F. Mastick, J. Chem. Phys. 19, 834 (1951)

4) "Crystal Chemistry in Ceramics: VI Polymorphism," W. Hauth Jr.,

Bull. Am. Ceram. Soc. 30, (5) 165-67 (1951). Cited by Ref. 65.

6) 97V1
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SODIUM, Na Refs.
(Natrium)

Specification No.: JAN-S-328
Molecular Weight: 22.991
Crystalline Form: cubic 1
Color: Silvery metal when freshly cut; tarnishes rapidly on exposure to air, 1, 29

becoming dull and grey.
Density, g./ml.: (solid) 0.97250 1
Coefficient of Thermal Expansion, linear,

-188o to +17"C: 6.2 X 10-l 1
Heat of Formation, Kcal./mole at 298°K: (monatomic gas) 25.9 5

(diatomic gas) 33.8
Free Energy of Formation, Kcal./mole at 298°K: (monatomic gas) 18.595 5

(diatomic gas) 24,685
Entropy, cal./deg./mole, at 298°K: (monatomic gas) 36.71 5

(diatomic gas) 33.8
(c) 12.21

See Tables a, b, and c
Melting Point: 370.970 K (97.810C) 5
Heat of Fusion, cal./mole: 622 4
Boiling Point: 1178-K (905°C) 4
Heat of Vaporization, cal./mole: 23,380 4
Transition Point:
Heat of Sublimation, cal./mole: (monatomic gas) 25,900 5

(diatomic gas) 33,800
Heat Content or Enthalpy, cal./roole at 298°K: (solid) 1532 5

See Tables a, b, c, and d
a. HEAT CONTENT AND ENTROPY OF Na (c, l, g) 4

-_ _ _ (Base, crystals at 298.15 0K)
T, -K HT - H298. I' ST-- S298.15 T, -K TIT - H29s. I ST- S298.15cal./mole cal./deg. cal./mole cal./deg.

mole mole
350 .360 1.11 1178 (1) . 6340 11.47
371 (c) . . 514 1.54 1178 (g) . . 30,220 31.32
871 (1) . . 1136 3.21 1200 ..... 30,330 31.41
400 1355 3.79 13u0 30,825 31.80
50. 2095 5.44 1400 ..... 31,325 32.18
600 2820 6.76 1500 ..... 31,320 32.52
700 . . 520 7.84 1600 ..... 82,315 32.84
800 .... 4220 8.77 1700 ..... 32,81N 33.14
900 .... 4910 9.58 1800 ..... 33,310 38.42

1000 5595 10.31 1900 ..... 33,805 38.69
1100 6295 10.98 2000 . ... 84,306 38.94

266

Downloaded from http://www.everyspec.com



"Sodium, Na (page 2)

Na (c)
Enthalpy: HT - HgAs.2 -= 4o02T + 4.52 X 10-3T2 -F1599 (0.3 percent; 298-371-K)
Heat Capacity: C, • 4.02 + 9.04 X 10-8T

Na (1):
Enthalpy: HT- H29. 15 =III 6.83T- 1.08 X 105T'1- 1107 (0.2 percent; 371-1178°K)
Heat Capacity: Cp - 6.83 + 1.08 X 10 5T- 2

Na (g):
Enthalpy: HT - H 298 . 15 ,- 4.97T + 24,365 (01 percent; 1178-.20000K)

b. HEAT CONTENT AND ENTROPY OF Na (g) 4
(Base, ideal gas at 298.15 0K)

T, -K HT - H 298.15  ST - S 298.15  T, OX HT - H 298.15  ST - S2,8.15
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 ..... 505 1.46 1900 .... 7960 9.20
500 ..... 1005 2.57 2000 8460 9.46
600 ..... 1500 3.48 2200 9455 9.93
700 ..... 1995 4.24 2400 10,450 10.37
800 ..... 2495 4.90 2600 11,450 10.77
900 ..... 2990 5.49 2800 ..... 12,455 11.14

1000 3490 6.01 3000 ..... 13,470 11.49
110G ..... 3985 6.49 3500 ..... 16,055 12.29
1200 ..... 4480 6.92 4000 ... 18,770 13.01
1300 ..... 4980 7.32 4500 ..... 21,700 13.70
1400 ..... 5475 7.69 5000 ..... 25,015 14.40
1500 ..... 5970 8.03 6000 ..... 33,755 15.98
1600 ..... 6470 8.35 7000 ..... 46,850 18.02
1700 ..... 6965 8.65 8000 65,295 20.45
1800 .... 7460 8.93

Na (g):
Entu,. py: HT-H2S. 1 5= 4.97T - 1482 (0.1 percent, 298-3000OK)

c. HEAT CONTENT AND ENTPOPY OF Na2(g) 4
(Base, ideal gas at 298.15 0K) _

OT' o HT - H2 68.15  ST - S208.11 T, OK H? - H,,. 15  S7 -
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 920 2.64 1300 ..... 9240 13.51
500 .. . 1825 4.67 1400 ... 10,185 14.21
600 2735 6.33 1500 ..... 11,185 '14.87
700 ..... 3655 7.75 1600 ..... 12,090 15.48
900 ..... 45680 8.99 1800 ..... 14,010 16.61
9 0. 550 10,07 2000 ..... 15,045 17.68

1000 ..... 6435 11.06 2200 17,896 18.56
1100 ..... 7860 11.94 2400 ..... 19,860 19.41
1200 8805 12.76 2600 ..... 21,8415 20.21
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Sodium, Na (page 3)

E y H 86 Na2 (g)
SEnthalpy : HT - HmIs 8.96T -+- 0.18 X 10-&TL + 0.10 X 1Tr-I - 2721

(0.1 percent; 298-26000 K)
Heat Capacity: C, - 8.96 + 0.36 X 10-3T- 0.10 X 106T-2
He-at Capacity, cal./mole at 298OK: (solid) 6.74 (liquid) 7.50 4, 5

(gas) (monatomic) 4.97
(diatomic) 8.96

d. HEAT CAPACITY OF SODIUM 5
Solid, 298-371-K

Liquid, 371-11630K
Gas (monatomic), I163-3OO0oK
T, - K C 0(cal./deg./mole)

298 6.74
300 6.75
400 7.52
600 7.10
800 6.90

1000 6.93
1100 7.01

1200-2000 4.97
2400 4.99
2800 5.04
3000 5.08

See equations above
Dacomposition Temperature: --
Decomposition Products:
Vapor Pressure:

Presti. mm. 1 10 40 100 400 760 M.P. -C 1, 2
Temnv,. oC 439 549 633 701 823 892 97.5

log P - 5220 4.521, where P = atm. and T OK Addni. Ref. 2

X-Ray Crysta•!ographic Data:
Syvstem Space Group a Atoms/Unit Cell
cubic Ot 4.282 2

Hygrc6copicity: Reacts vigorously with water to form NaOH + H2  1,29
Caution: keep under kerosene.

Solub.ilty Data: In water, alcohol: decomposes 1
In benzene, ether: insoluble

Hev1th Hazard: Extremely caustic to all tisoues. Reacts exothernialy with the 12, 29
moisture of the body or tissue surfaces causing thermal and chemical burns.

Safety Classifications :
OSM0 : class 2
ICC: Listed under "Explosives and Other Dangerous Articles" as a flam-

mable solid; yellow label.

268

S* 1
II

Downloaded from http://www.everyspec.com



Sodium, Na (page 4)

Fire and Explosion Havard: Metallic sodium has an autoignition temperature 12, 14, 75,
of 1150 in dry air. It is dangerous when exposed to heat, flame, moisture, Addnl. Ref. 3
air, or oxidizing naw,, rial. It reacts exothermally with the halogens, acids,
and halogenated hydrocarbons.
Sodium must be kept dry to avoid explosions which may result from evolved
hydrogen. When heated it emits toxic fumes of Na 20. Metallic sodium
should be stored in airtight, steel drums. To fight fire use soda ash, dry
sodium chloride, powdered tale or graphite. Do not use CC14 on fire as an
explosion may result.

Electrostatic Sensitivity:
Use in Pyrotechnics: As a fuel and to color burning compositions yellow.

Additional References:
1) "Sodium, Its Manufacture, Properties and Uses." M. Sittig, Reinhold

Publishing Corp., New York (1956). See especially the chapter on physi-
cal and thermodynamic properties.

2) "Determination of the Vapor Pressure of Sodium," M. MaKansi et al.,
J. Phys. Chem. 59, 40 (1955)

3) C.A.37,2578 (1943)

2
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SODIUM BICARBONATE., NaHCO, Refs.
(Sodium Acid Carbonate, Baking Soda, Sodium Hydrogen Carbonste) 1, 11, 29
SpecificatinN. O-S-576B (technical

grade)
Molecular Weight: 84.02
Crystalline Form: rnonoclinic prisms 1
Color: white 1
Density, g./ml.: (solid) 2.1159-2.22 1
Coefficient of Thermal Expansioa:
Heat of Formation, Kcal./mole at 2980 K: (c) -226.5 1
Free Energy of Formation, KciJ./mole at 2980 K: (c) -203.6 1
Entropy, cal./deg./mole at 298 0K: 24.4 ±t.4 1, 3

See table below
Melting Point: loses C02 at

5430K (2700 C) I
Heat of Fusi'r%:
Boiling Point:
Heat of Vaporization:
Transition Point:
Heat of Transition:
Heat of Sublimation:

HEAT CONTENT AND ENTROPY OF NaHCOs 4~
(Base, crystals at 298.150 K)

TC, -K HT - H~s51  k% - S281 T, -K HT - H29 8. 1 5 ST S 298.15
cal./mole cal./deg. cal./mole cal./deg.

mole Imole
350 ... 1140 3.52 400 2320 6.67

NaHCOs (c):
Enthalpy: HT H",,. 1 5 =-10.19T±+ 18.03 X 10-T2 -4641 (0.3 percent; 298-400 0K)
Heat Capacity: C, = 10.19 + 36.06 X 10-9T
Decomposition Temperature: Begins to lose CO2 at about 500C, and at 1000 C 29

in converted to N&2COj. In aqueous solution begins to break up into CO2 and
Na2CO3 at 2001C and completely on boiling.

Heat of Dissociation, cal./mole: 15,380 Addai. Ref. 2
Vapor Pressare of dfssociation to (CO 2 + HO) is given by
log Pnun. =11. 165-84 Addnl. Ref. 2
See alco 42V7

X-Ray Crystallographic Data:
Molecules! 1

System Space Grtup a b c Axial Angle Unit Cell
monoclinic Chu 6.19 6.72 6.49 p120 0 42' 4

2'T0
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Sodium Bicarbonate, NaHCOs (page 2)

Hygroscopicity: N.HCO8 is stable in dry air. In the presence of moisture it
gradually loses C0 2 and changes to NaHCOs" Na 2CO8 - H20 62

Solubuity Data: In water: 6.9 g./100 ml. at 00 and 16.4 g./100 ml. at 600C I
hi alcohol: slightly soluble

Health Hazard: nontoxic, large doses may 93, 29
cause alkalosis

Safety Classifications: inert material
GSM: not listed
ICC: not lihitcd

Fire and Explosion Hazard: none
Electroltatic Sensit",'ity:
Use in Pyrotechnics: as a retardant

Additional References:
1) Ref. 52V10
2) R. M. Caven and H. J. Sand, J. Chem. Soc. 99, 1359 (1911)
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SODIUM NITRATE, NaNO:, Refs.
(Soda Niter, Chile Niter, Chile Saltpeter, Nitratine, Cubic Niter) 1,11, 12, 29

Percent Oxygen: 56.46
Specification No. : MIT -S-00322A

The specification covers two classes: class 1, technical; and class 2, double
refined. The two classes differ in purity.

Molecular Weight: 85.01
Crystalline Form: trigonal or rhombohedral 1
Color: colorless 1
Density, g./ml.: (solid) d = 2.116 - 0.67 X 10-toC (320-550 0 C) 40V2
Coefficient of Thermal Expansion

(average from R.T. to M.P.) • 3.65 X 10-1 31
Heat of Formation, Kcal./mole at 298cK: (c)-111.54 1 9
Free Energy of Formation, Kcal./mole at 298OK: (c) -87.45 1, 9
Entropy. cal./deg./mole, at 2980K: (c) 27.8 1, 9

See table below
Melting Point: 579 20 K (306.10C) 4
Heat of Fusion cal./mole: 3490 4
Boiling Point: decomposes 1
Transition Point: a to p 549.20K (276.1OC) 4
Heat of Transition, eal./mole: 810 4
Heat of Sublimation:

HEAT CONTENT AND ENTROPY OF NaNO8 (c, 1) 4
(Base, a-crystals at 298.15 0K)

T, °K HT - H2•15, ST - $298.15 T, -K HT - hT-6.15 ST- S29.1,
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 .. . 2495 7.16 579.2 (f) 9140 20.59
500 5575 14.01 579.2 (i) . 12,630 26.62
549.2 (a) . . 7260 17.22 600 ..... lb,400 27.93
549.2 (p) • . 8070 18.70 700 ..... 17,100 33.63

NaNO,(a) :
Enthalpy : HT - H,129,• 1-- 6,34T + 26.66 X 10 9T2 -4260 (1.0 percent - 298-549.20 K)
Heat Capaciby: C, ý 6.34 + 53.32 X 10 "T

NaNO (p) :

Enthalpy: HT - H,,8 ... 35.30T - 11,536 (('.1 percent; 549.2-579.2°K)
NaNOa (1) :

Enthalpy - H,-- H,,.,- = 37.00T- 8800 (0.1 percent; 579.2-700 0 K)
Heat Capacity, cal./deg./moie: (solid) 35.70 4

(liquid) 37.00
See also table above
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Sodium Nitrate, NaNOa (pag,. 2)

Decomposition femperature: 3800 C 1
For DTA and TGA see Refs. 33, 47

Decomposition Products Na 2O + NO, 33, 417
Vapor Pressure:
X-Ray Crystallographic Data:

Molecules!
System Space Group a Axial Angle Unit Cell

rhombohedral D16, 6.3108 a 47" 15' 59" 2 1, PTV6
at2800C 6.56 a 450 35' 18

hexagonal 5.07 ft 16.829 6 97V6
Hygroscopicity: Deliquesces in moist air. Keep container well c'osed. 29

Critical R.H.: 82.7 % at 20 0C (purified materia:) 32
Gain of purified material (41 /A), at 70°F after 120 hours exnosure: 33

(at 70% r.H.) 11%
(90% R.Hf.) 25.75%

Water absorbed by 2.000 g. at 250 (10-80 mesh) : Addnl. Ref, 1
Hrs. 3 5V2 7Y2 16
g. H2 0 absorbed 0,0713 0.1355 0.1970 0.3924

Solubility Data:
In water (g./190 ml.) : 73 at 00 C; 180 at 1001C 12
In NH 8 : very solubln
In glycerine ane acetone: slightly soluble

Health Hazard: Moderately toxic. Large amounts taken internally may be fatal. 93. 12
Safety Classifications:

OSM: Class 1, packed and stored in original shipping containers.
Class 2, when not packed or stored in original shipping cor.tainers
or equivalent.

ICC: Oxidizing material: yellow label.
Fi. and Explosion Hazard: Sodium nitrate is a dangerous fire and explosion 12

hazard. It can ignite on friction. When heated above 10000 C or when heated
with reducing materials, particularly cyanides, it emits toxic fumes on
decomposition.

Electrostatic Sensitivity:
Use in Pyrotechnics: As an oxidizer, to impart a yellow color to burning compo-

siticns, and incendiary mixtures.

Additional References:
1) "Hygroscopic Properties of Sodium, Potassium and Ammonium Ni-

trates, Potassium Chlorate and Mercury Fulminate," C. B. Taylor and
IV. C. Cope, Met. & Chem. Eng, 15, 141 (1916)
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SODIUM OXALATE Refs.
Fcrmia: Na 2C 20 4
S.rweciliatim, Neo. JAN-S-210
Specihcsation- The spec. covers one technical grade and three classes based on

differences i tranulation using U.S. standard sieves.
C7ass _ a b e
Through 420 micron (Ne. 40 zieve)

%,m1min. 99
Thrugh 250 miertai (No. 60 sieve)

%' rain. 99.9
Throu-gh "i micron (No. 160 sievw)

%, mra. 99.9
Molec'Alar Weight: 134.01
Crystalli-ie Forun: crystalline powder 29
Color. white 29
Density, g'./Ml. (solid) 2.34 1
Coefficient of Therwal Expansion.
HeaL of Formation, Kcald.nolp at 298OK: --314.3 1, 9
F-.ce Enargy of Forirr;Mifan:
En:'-opy:

Metting Point: 5ME-K (232-.5-C)I
Heat oý F':sion:
Boiling Po1.%t:
Trarnsitior: Point-.
Heat of Subiin.a tinn:
Heat Content o- .nthadpy -

Heat Capacity, ei./degý/Y-wic: (solid) -3t 9
Decontp4)sition Teni.-atuie, "C: 480 Addni. Ref. 1

Fer DT7, see AddrA. lT, 2, i-3
m1),c.npaition PCO$'t: NaC's -F CO

Vtpc. Pre•sire:
X-P.ay Crys -allographic Data.,

Molerules/
.;ystf m Space C ;tp a t c C Unit Cell 18

I 1J2*C,.35 5.!.6 3.46 92° 54' 2
l-ygroscupicit , : Sqp. grawe (20f..) 33

Gaii in .at MIA% R.- anJ 70)'F i 12 !,r. % - 1.02
iiwt9 {, d 0C't' i120 hr %, 9.02 44V21

Mate•ial deied Dt 240'1C is not hygroscopic
Solub-iO. DaLt. In wy,,ter at ?00 C. 37 g./.0O g.

100 0 C. 6.33 g/100 g.
in alcohý,: insoluble 29
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Sodium Oxalate (page 2)

Health Hazard: A strong poison. Corrosive and produces local irritation. Taken 12, 29
.:rally has a caustic effect on the mouth, esophagus and stomach. Can cause
severe damage to the kidpeys.

Safety Classifications:
OSM: not listed
TCC: not listed

Fire and Explosion Hazard: Dangerous when heated to decomposition: emits 12
toxic fumA.s.

Electrostatic Spnsitiv'ty:
Use in Pyrotecnics: As a retardant and to impart a yellow color to burning 17

compositions.
Additional Re ierence, :

1) C.A.48,1891 (1964)

2) C.A.49,14461 (1IS,
3) C.A. 50,7672 (1956)
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SODIUM OXIDE, Na2O RefR.
(Sodium Monoxide)

Specification No.:
Molecular Weight: 61.99
Crystalline Form: deliqueoces in air 1,
C4lor: Nhite

Turns yellow on heating 50V1121
Density, g./ml.: (solid) 2.27 1
Coefficient of Thermal Expansion:F
Heat of Formation, Kcal./mole at 29SOX: (c) -99.4 ± 1.5 2, 9

Ree Table a
Free Energy of Formation, Kcal./mole at 298°K : (c)--89.9 ± .9 2

See Table a

a. HEAT AND FREE ENERGY OF FORMATION OF Na2O (C, 1) 4
T, CK A H (cal./mole) a F0 (cal./mole)

298.16. ... -99,400 1500) - 89,900 1900)
371 -99,4(X) -87,500
371 -100,700 -87,500
400 ..... -100,700 -86,500
5130 ..... -100,600 -83,00
6A) ..... -1o0,600 -79,400
700 ..... -1CO,500 -75,900
800 ..... -100,400 -72,400
900 ..... -100,200 -69,000

1000 ..... -99,900 -45,500
110 ..... -99,500 -42,100
1187 -99,100 -59,100
1187 4-145,300 -59,100
11i90 ..... -14F,90 -5.900
1190 -188,2b0 -58,900
i200 ..... 18,13
13& . -137,104 -1,600
1400 ..... -136,100 -45,100
I100.. -155,100 -J8,600
1600 ..... -h4100 .32,200
1700 ..... -I,i0C --25,K0
1800 ... --182,100 -19,600
1900 -131,100 -13,400
S..... -130,100 -7200 -

Phase Chanvec of Metal
M.P,, 3710K ; &. H = 626 cal./g.-at•om

B.F., 11817 0K; A H 1 5,,120 cal./g...atom
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"Sodium Oxide, Na 24 (pOge 2)

Entropy, cal./deg./mole ft 298uK: (c) 17.A 9
See Table b

Melting Point: 11900 K (9i7 0 C) 2
Heat of Fusion, cal./n ole: 7140
Eoiling Pint" &;blimem at

1548-K (1275-C) 1
Heat of Vaporization, KcX./mole: 149
Transition Pont:
Heat of Sublimation:

b. HEAT CONTENT AND ENTROPY OF Na20 () 4
(Base, c.rystals at 29P.J5 0K)

T,- °K HT- H2Os 8; ST - S299.15 T,OK HI - H 296.15 ST- S26.15
cal./mole ea!./de. caJ./mole cal./deg.

irjole mole
34 . . 1750 5.05 800 ..... 9350 18.16

500 3600 9.17 900 ..... 11,&)o 20.52
600 ... 5500 12.63 1000 .... 13,500 22.78
700 7400 15.56 1100 ....... 15,750 24,13

NaRO (c):
Enthnipy: H,, - H2s.15 =- 15.70T + 2.70 X !0-3T 2 - 4921 (0.7 pe.-cent ; 298-11000K)
Heat Capacity: Cp, = 15.10 ,+ 5,40 X 10-'2

Na20 2(c)•
Heat Capacity: C, = 21.35 (298 0K)

Free Energy Equations: 2
Reaction Range of Validfity, OK

1) 2 Na (c0, + 114 02 tg)= Na 20 (c) 298.16-371
T F0 =- 8 9820-7.51T logT + 5.47 (10-JC2) -. 10 (105T-11 + 50.43T

2) 2 Na (1) + V N (g) -- Na2 • ,c) 371-.1187
lo. " -- 100,150 + 4.97T log T-2.45 (10-BT 2 ) -. 10 (105T- 1 ) + 22.19.T

3) ? Na (+) Y 2A O (g) = •½0 (e0 1187-110
A FT• : 156,200 - 20,72T log T - 145.48T

4) 2 Na (g) + 1/2 02 (I) Na2 O (i) 190-2000
A FT - 15G,250 -'?3.03T iog T I- 147.5,T

Heaw. Cavacity, cal./deg./mole at 2980 K: (soiid) 17.24
See Table b Adflnl. Refs.

Decomposition Temperat),re: above 40•s0C ?
Decomposition Pi :,ducts: Na + 0on ý aix rization Addni. Refs.i. 2'
Vap or tessure (ot' alkaii oxid,. and ai!Wa! rct!! in ,qufl, with - hd e!kali Addnl. Ref. 3

oxide) atm. at 1C-50 0 K.- (0 Ac ) 10-1

V7
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Sodium Oxide, Na2O (page 3)

X-Ray Crystallographic Data:
System Space Gi-oup a Molecules/Unit Cell 18

cubic 5.55
Hygroscopicity: Na2O reacts vigorously with water with considerable evolution

-f hert. Keep containers tightly closed.
Solubility Deta: In water and alcohol: decomposes

Reacts to neutralize acids.
Health PHazard Very caustic and dangerous to all tissues. To minimize its

effects, wash the area with large volumes of water. Injured person should
see a phyiician. 12
Cautirn: Do not handle with bare hands. Avoid contact with skin.
M.A.C., mg./m.3 of air: 2

Safety Classification1
OSM: not specifically mentioned
ICC: not specifically mentioned
Alkaline caustic liquids (not otherwise specified) are classed as corrosive
liquids and listed under 'ýExplosives and Other Dangerous Articles."
Coast Guard: hazardous material
UN: class 8 (alkaline

corrosive3)
Fire and Explosion Hazard: Sodium hydroxide formed by the action of water

on Na2O may become a fire hazard when mixed with nitro compound, and
other materials. (This hazard must be even greater with powdered, solid
NA•O.) I

Electrostatic Sensitivity:
Use in Pyrotechnics: Product of the burning of many sodium compounds

Additional References:
1) "Sodium, Its Manufacture, Properties and Uses," M. Sittig, Reinhold

Publishing Co., New York (1956)
2) "The Vapor Pressures of Lithium and Sodium Oxides," L. Brewer and

J. Margrave, J. Phys. Chem. 59, 421 (1956)
3) "Stability of Gaseous Alkali and Alkaline Earth Oxides," L. Brewer

and D. F. Mastick, J. Am. Chem. Soc. 7.9, 2045 (1951)

2
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STEARIC ACID, CH, (CH,),,COOH or C17H 35COOH Refs.
(Octadecanoic Acid, N-Octadecyclic Acid) 1

Specification No.: MIL-A-271
The spec. covers two grades: Grade I in loading ammo. Grade II used as a
lubricant in the pelleting of explosives.

Molecular Wt 1.ght: 284.47
Crystalline Form: monoclinic leaflets 1
Color: colorless 1

At room temperature stearic acid is a white, fairly hard, wax-like material. 16, 22
It is usually obtained either from fats and oils by hydrolysis and distillation or
from oluic acid by hydrogenation. Pearl stearic acid is the material in free flow-
ing powdered bead form for compounding purposes. Stearic acid is also mar-
keted in cakes, powder or flake form, as single, double, or triple-pressed. Suc-
cessive chillings and pressings remove more of the unsaturated liquid oils (par-
ticularly oleic acid), thus raising the melting point and giving a whiter, purer
product. Synthetic &tearic acid is also made by hydrogenation of unsaturated,
animal and fish oils.
Density, g./ml.: (solid) 847 at 690 C ,Y
Coefficient of Thermal Expansion, cubical, 31

33.8-44.50C: 81 X 10-5
Heat of Formation, Kcal./mole at 130C, 1

at constant press.: -223.8
at constant vol.: -212.8

Free Energy of Formation:
Entropy:
Melting Point: 342.50 K (69.40 C) 1

342.70K (69.6°C) Addnl. Rcf. 2
Heat of Fusion, cal./g.: 47.6 1
Boiling Point: 656-K (383 0 C) 1
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature and Products: For DTA see Addnl. Ref. 3
Vapor Pressure, mm. at 60OC: 1.42 X 10-6 Addnl. Ref. 1

Press. mm. 1 10 40 100 400 760 M.P.
-Temp. C 173.7 225.0 263.3 291.0 343.0 370.Od 69.3 1

X-Ray Crystallographic Data:
Molecules/

System Sgace Group a b c Axial Angle Unit Ceil 1
monoclinic C~h ( Ch 5.546 7.381 48.84 83 -630 38' 4

5.68 7.39 50.07 p 600 Addnl. Ref. 2
Hygroscopicity:
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Stearic Acid (page 2)

Solubility Data: In water: 0.00029 g./100 g. at 200 C; 0.034 at 250 C and 1, 290.1 g./ml, at 370C
In alcohol: 2.5 g./100 ml.
In ether: very 3oluble
In CHCla, CCI4, CS2, toluene: soluble
For additional solvent data see Addnl. Ref. 2

Health Hazard: Negligible. Used to eoat medicinal pills and in face creams. 29
Safety Classifications:

OSM: not listed
ICC: not listed

Fire and Explosion Hazard: Combustible. To fight fire use water, foam, dry 67, 75
chemical, or carbon tetrachloride.

El vostat.. Sensitivity:
Specafic Heat, cal./g. at 15OC: 0.399 1

Liquid at 74-137 0C: 0.550
Refractive Index, at 80.20C: 1.4299 1
Heat of Combustion, Kcal./mole (H 2O liquid)

at 20OC: 2711.8 1
Flash Point, OF: (closed cup) 385

(open cup) 425 75
Ignition Temperature, OF: 743 67, 71
Neutralization Value: 197.23 Addnl. Ref.
Uee in Pyrotechnics: as a fuel, retardant,

binder, and lubricant
Additional References.

1) "The Vapor Pressure of Some Solid Organic Compounds," R. L. Little-
wood, J. Chem. Soc. 1957,2419

2) "Fatty Acids," K. S. Markley, Ed., Interscience Pub. Co., New York
(1960)

3) J. Phys. Chem. 60 1487 (1956)
4) L. M6dard, M~m. artillerie franc. 28, 465 (1954)
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STRONIX UM CHLORIDE, SrCI, I Refs.

Specification No.:
Molecular Weight: 158.54
Cry3talline Form: cubic 1A
Color: colorless 1A
Density, g./ml.: (solid) 3.052 1A

(liquid) Dt ý 2.69- 0.00045 (to 900 0C)

Temp. OC 900 950 1000 1050 44S29
Density 2169 2.67 2.645 2.62

Coefficient of Thermal Expansion, cubic at 8700 C: 166 X 10-8 44S29
Heat of Formation, Kcal./mole at 298°K: (c)-198.0 9, 24A
Free Energy of Formation, Kcal./mole at 2980K: (c) -186.7 9

-187.5 6
Entropy, cal./deg./mole at 298 0K. 28 9, 31A3137 6

Melting Point, °C • 873 1A, 24A
875 41

Heat of Fusion, Kcal./mole at 11480K (8750 C): 4.2 44S29
4.1 9,41,6
4.1 ± 0.6 24A

Boiling Point, OC: 1306 44S29
1250 52

Heat of Vaporization, Kcal./mole: 55 6
Transition Point:
Heat of Sublimation: -

Heat Content or Enthalpy: --

Heat Capmcity, cal./deg./mole: (solid) 18.9 9
c =18.20 + 2.45 X 10-(est'd over 298- 114E5K) 4
See also Ref. 24A

Decomposition Temperature: Noticeable above approx. 9551C 44S29
Heating in air or O at red heat slowly changes the chloride to the 'xide 52V1l, 54V3

Decomposition Products:
Vapor Pressure:
X-Ray Crystallographic Data:

System Space Group a Molecules/Unit CeU
cubic 0 6.9767 97V4

HygToscopicity: hygroscopic 44S29
very hygroscopic 52V11
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Strondum Chloride, SrCl2 (page 2)
Solubility Data: In HO. g./100 ml. 43.5 'it 0'C and 100.8 at 100oC 1AIn absolute alcohol, acetic acid: very slightly solubleIn NH1: insolubleHealth Hazard: Probably slight. The Sr ion has a low order of toxicity. 12
Safety Classifications:

OSM. not listedICC: not listed
Fire and ExplIsion Hazard.
Electrostatic Sensitivity:
Use in Pyrotechnics: to color burning

compositions crimson
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STRONTIUM NITRATE, Sr(NO) 2  Refs.
Specification No.: MIL-S-20322

The spec. covers one grade and three classes which differ in granulation.
Molecular Weight: 211.65
Crystalline Form: cubic 1
Color colorless 1
Density, g./mI.: (solid) 2.986 1
Coefficient of Thermal Eyp&-ision, linear, 30-75°C: a =- 3.22 X 10-3 44S29 sup
Heat of Formation, Kcal./mole at 298 0K: -233.25 1,9
Free Energy of Formation, Kcal./mole at 298.16OK: -185.8 86
Entropy, calt/mole at 298.16°K: 47.4 86
Melting Point: 918 0K (6450C) 9

8910 K (618 0C) 47
Heat of Fusion:
Boiling Point: decomposes 580-6000 C Addnl. Ref. 1
Transition Point:
Heat of Sublimation:
Heat Content or Enthilpy:
Heat Capacity, cal./deg./mole: (solid) 38.: (290-320 0 K) 4
Decomposition Temperature, °C: 580W-00 Addnl. Ref. 1

For DTA and TGA see Ref. 33
Vigorous bubbling at 6720 C 47

Decomposition Products: SrO + NO 2 ; toxic fumes 47
emitted

Vapor Pressure:
X-Ray Crystallographic Data:

System Space Group a Molecules/Unit Cell I
4,ic Th 7.81 4

Hygroscopicity (gain, mg./g., at R.T. after equilibrium has been established iLi 32
a vacuum desiccator):

65 75 86 1 93
%,R.H. 24 hr. equil. 24 hr. equil. 24 hr. equil. 2 hr. equil.
Purified -- 0.3 - 0.5 s -5 -
Spec. grade 0.3 <.1 0.1 0.2 -- a 312.6

Critical R.H.: purified 82.7% at L01'C
spec. grade 82.9% at26.20C

Solubility Data: In water (g.I10(C -n.) 40.1 at 0) and 100 at 901C
In abs. alcohol, NH13: very slightly soluble
In acetone: slightly 'soluble
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Strontium Nitrate, Sr (NO8 )2 (page 2)

Health Hazard: Moderately toxic. Large amounts taken by mouth may have 93, 12
fatal effects. Sr(NO8 )2 emits toxic fumes on decomposition.

Safety Classifications:
OSM: Clasw 1, in original containers.

Class 2 when not packed or stored in original shipping containers
or equivalent.

ICC: Oxidizing material ; yellow label.
Fire and Explosion Hazard: A fire and explosion hazard. As an oxidizer it can 12, 14

give up its oxygen to other materials to produce a vigorous reaction which
may result in detonation. Toxic fumes are emitted on decomposition.

Electrostttic Sensitivity:
Use in Pyrotechnics: An oxidizer and to impart a crimson color to burning 17

compositions. (Nonhygroscopic strontium nitrate is used in tracer and
pyrotechnic compositions that are sensitive to deterioration by moisture.)

Additional References:
1) C.A.49,12932 (1955)

p
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STRONTIUM OXALATE ANHYDROUS AND MONOHYDRATE, Refs.
SrC.O4 and SrC0', -11,0

Specification No.: MIL-S..12210
The spec. covers both the anhydrous salt and the mcnohydrate: Gradc A,
anhydrous, and Grade B, hydrated. The two grades differ also in granu-
lation.

Molecular Weight: (anhydrous) 183.65
(monohydrate) 193.67

Crystalline Form:
Color: co),hrless
Density, g./ml.:
Heat of Formation, Kcal./mole at 180C, anhydrous:

at constant press.: -,327.7 AddnL Ref. 1
at constant vol.: -326.5

Free Energy of Formation, Kcal./raole at 180C, monohydrate:
(c)-360.8

Entropy:
Melting Point: See Deccmposition Temperature below
Heat of Fusion:
Boiling Point:
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature: TGA. The hydrate begins to lose H20 at 4SC. Addnl. Ref. 2

All thc water is off by 1770C. On further heating the weight -'emains con-
stant up to around 4000C.

"D)ecomposition Products: Dissociates into SrCOB and dangerous CO over the Addnl. Ref. 2
range 400-5200 C.
Sce graph below

Vapor Pressure:
X-Ray Crystallographic Data for SrC2 O,4 21/2 H 2 0

System Space Group a c Molecules/Unit Cell
tetragonal CSh 12.795 7.509 18V2

Hygro;copicity:
Solubinty Data: For SrC2 O4 H20, required for solution of 1 part: 2000 parts 29

of water, 1900 parts of 3.5% acetic acid, 1115 pari of 233% acetic acid, 1
less soluble in 35% acet_ý rcid. Readily solublA in dilute HCI or HNO..

Health Hazard: Highly toxic. Corrosive and produces local irritation. Wher 12
taken orally may have a caust; effect on the inouth, esophagus apd stomach. 93

Safety Classifications:
OSM: not listed
ICC" not list:ed
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Strontium Ox~late Anhydrcus and Monohydrate (page 2)

Fi.re and Explosion Hazard: Dangerous when heated to decomporition. Emits 12
poisonous carbon monoxide.

Electrostatic Sensitivity:
Use in Pyrotechnics: SrC0O, and SrC20A-H 20 are used as zctardanta and to 17

impart a scarlet color to Lurnirg composiidions.

PYROLYSIS OF SrC20.1H 20

43 941.

S5440 9490

Temperature OC Addnl. Ref. 2

Additional References:

1) L. M~lard, M~m artillerie franq. 28, 467 (1954)
2) S. Peltier and C. Duval, Anal. Chem. Acta. 1, 358 (1947)
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STRONTIUM PERCHLORATE, Sr(CIO,) 2  Refs.

Specification No.:

Molecula., Weight: 286.54
Percent Ox~ygen: 44.67
Crystalline Form:
Color: colorless
Density, g./ml.:
Coefficient of Thermal lyxpansion:
Heat of Formation, Kcal./mole at 298 0K: -184 (estd.) 72
Free Energy of Formation:
Entropy:
Meltirg Foint:
'teat of Fusion:
Boiling Point:
Transiik.n Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity :
Decomposition Temperature: Vigorous decomposition at 4770C. 47

For DTA ahd TGA see Ref. 33
Decomposition Products:
Vapor Pressure:
X-Ray Crystallographic Data:
Hygroscopicity:
Solubility Data: In water, 310 g./100 m*. at 25 0 C; very soluble in hot water I

Solubility in Organic Solvents at 250C:
Soivent g./100 g. 8olvent 72, 77

Methyl alcohol 212.01
Ethyl alcohol 180.66
4cetone 150.06
Ethyl acetate 13L.93
Ethyl ether insoluble

Health Haard: Avoid contact. Irritating to skin and mucous membrane. 12
Safety Classifications:

OSM: Class 1. Class 2 when not packed or stored in original shipping con-
tainers or equivalent.

ICC: Oxidizing material; yvllow labei. Listed under "Explosives and
Other Dangerous Articles."

F,'ire and Explosion Hazard: Can be exploded by shock, heat, or chemical action. 12, 14
It is an explosive hazard when mixed with carbonaceous inaterials, finely
divided metals, or sulfur. It emits highly toxic fumes. Fires involving th -
perchlo-ate alono may be foug ht with water.Us e in Pvrotechnics. As an oxidizer and to inipari. a scarlet color to burning
compositions.
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STRONTIUM PEROXIDE, SrO• Ref8.

Percent Oxygen: 26.75
Specification No,: JAN-S-612

Covers two grades that differ in purity and granulation.
Molecular Weight: 114.63 !
Crystalline Form: powder I
Color: white
Density, g./ml.: (solid) 4.56 1
Coefficient of Thermal Expansion: --
Heat of Formation, Kcal./mole at 298°K: -153.6 1, 9

See table below
Free Ener-gy of Formation, Kcal./n'ole at 298°K: -141 2

See table below

HEAT AND FREE ENERGY OF FORMATION OF SrO2 (c) 4

T, 0 K A H (cal./mole) A F0 (cal./mole)
298.16 .... -153,500 (± 5000) -141,000 (± 6000)
400 ..... -153,000 -137,000
500 ..... -153,000 -137,000
600 -152,530 -.129,000
700 ..... -152,000 -125,000
80W ..... -151,500 -121,500
900 ..... -151,000 -117,500

1000 -150,500 -114,000 _ _

Free Energy Equation:
Reaction Range of Vaddity, OK

Sr (c) + 02 (g) =- SrO2 (0) 298.16-1000
AF F=-tf%,510-11.40TlogT - .a05 (10-jT,) -, .675 (106T) -+ 75.44T

Entropy, cal./deg./mole ist 298OK: 14.8 6
For calculation see therniodynrnic equation in Ref. 2

Melting P'oint: decomposes at 4880 K(215 0 C) 6.8

Heat of Fusion:
Boilinkg Point:
Trarnsition Point:
Heat of Sublimation:
Heat Content or Enthalpy:

For calculation see thermodynamic equation in Ref. 2
Heat Capaciti:

For calculaticn see thermodynamic equation in Ref. 2
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Strontium Peroxide, SrO2 (pae 2)

Decomposition Tepmperature: dipsoci&tes atA7S0/C A~dun' Rde.2
4800C Addnl. A-. 8
410CC and TGA Addul. Ref. 4Decompo~sition Products:

Vapor Pressure. Dissociation Pressure between 322 and 6000 is given by Addid. Ref.

P =t 20280 - 0.010T + 1.75T + 2.8 1

Press. mm. 860 529 561 6713
Temp. OC 8 2 6  342 844 851
Q (cal./g.) 19280 19810 19290 19290

Where Q. = heat of reaction for the equation Addnl. Ref. 2
2 SrO + O0, 2 SrO, 4- Qcal

Dissociation Pressure (t SrO + 0) is given as
19290

log P.,. = - 4.57'T '." 1.75 log T - 0.0016T + 2.8 Addnl. Ref. 2

X-Ray Crystallog•aphic Data:
SVstem Space Group a c Molectdea/Unit Cell

tetragonal Di 5.02 6.55
5.04 6.62 I 97V6

Hygroscopicity: Slowly deconmposed by water with the liberation of 0,
Caution: Keep in tightly closed container. 29
Critical R.H.: 96,7% at 25-'C 32
GaiL (mg./g.', at R.T. after equilibrium has been established in a vacuum
desiccator of a purifled sample.

31% R.H. 43% R.H. 52% R.H. 65% R.H.
2, hr. equil. 24 hr. equil. 24 hr. equi. 24 hr. equil.

3.4 4.5 0.6 2.2 2.3 21.4 84.3 178.S
656.3 186.0

75% R.H. 86% R.H. 98% R.H.
24 hr. equil. 24 hr. equil. 24 hr. equil.
210.5 474.7 418.4 S S S
161.0 356.0 251,0 682.0 354.0 334.0

Solubility Data: In water (g./100 ml.) at 200: 0.008, in hot H20, decomposes.Very slightly soluble in alcohol and NH.Cl. Insoluble in acetone,

Health Hazard May cause injury on contact with akir or mucous niembrraies.
Safety Classifications,

OSM: Clasw 1. Class 2 when not stored or packed in original shipping con-
tainers or equivalent.

ICC. Listed under "Explosives and Other Drngerous Artic.es." Classed
as oxidizing material; yellow !pbeI.
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Struinaium PeroxIde, SrO (page 3)

1F'ra and Explosion Hazard: Heat, shock, or catalysts may cause violent decom- 12, 14
position. Reacts violently when heated with reducing materials. ContactjwiiL water prod! ces heat.

IEectroetatic Sensitivity:
Use in Pyrotechnies: As an oxidizer to impart a red color to burning composi- 17

I tions.

Additional References:
1) "Dirvtd Oxidation under High Pressures. The Oxides of Strontium,

, ariuni, Lead, Manganese and Cobalt," C. B. Holtermann, Ann, Chiw.
14, 121 (1940). C.A. 35, 7859 (1941)

2) "On the Formation and Dissociation of Strontium Peroxide," C. Holter-
mann and P. Lafitte, Compt. rend. 208, 517 (1939). C.A. 33, .1"33 (1939)

"3) "Heating Curves for the Hydrates of the Peroxides of Group II Metals,"
1. I. Vol'nov, C.A. 52, 19384 (1958)

4) "Thermography of Peroxide Compounds," I. I. Vol'nov, C.A. 4S, 7416
(1954)

29I
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SUGAR Refs.,
(Cane Sugar, Sucrose, Saceharose, 1

(as-fleucosido)-fO--r•fructofuranoside 29 ..

a-D-glucopyranosido-(3 -fructofuraposide)

H" Ca CHSOH
, ~ ~~H -C - 10H l--? P-.

Addnl. Ref. 6
HO'C• H {HO"CH 'I I 0

HC*1 0HSH'C'OH H'.C."OH!
Formula: C,2H2 20 11

HC HCI I
Specification No.: CH2OH CH2OH JJJ-S-00791C

The specification covers two types of beet or cane sugar. Type 1: white,
hard, refined (a) granulated or (b) powdered; and Type 2: brown, soft
(a) light (b) medium and (c) dark. Type 1 granulated is used for pyro-
technics.

Molecular Weight: 342.30
Crystalline Form: needles (from alcohol), 1,29

monoclinic
For crystallography see Addnl. Ref. 3
Sucrose crystals are tribolumineseent.

Color: white 1
Density, g./ml. at 150C: crystallized, 1.5879 Addnl. Ref.

powdered, 1.5897 SVI
Coefficient of Thermal Expansion, linear for Addnl. Ref.

3V1
longest axis: 28 X 10-4
width: 50 X 10-4
shortest: 29 X 10-'
cubical (calculated): 1.1 X 10-4

Heat of Formation, Kcal./mole at 18°C: H, -- 586.5
H, =-527 Addnl. Ref. 1

Free Energy of Formation: --

Entropy, cal./deg./mole at 298OK: 86.1 Addal. Ref.
avi

Melting Point (when crystallized from alcohol): 4610K (1880C, decomp.) I
458 (185-&6C) Addnl. Ref.

SV1
When sact-se is hcated cautiously to the melting point (185-186cC) it
fcrms a visous, colorless melt; however, when heated longer or to a higher
temperature decompogition takes place.

Hert of Fusion, Kcal./Mole: (decomposes) 4.6 Addnl. Ref.
9V1
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BinPoint: decomposes
Triudmito Point:
Rest of Sublimstiou:--
Heat Content or Enlthalpy:
Heat _pacty:

Molst Heat and Specif Heat of Crys ized Sumo-e: Addnl. Rdf.
Temp. OC 0 20 40 60 W 8V1
C" (cal/mole) 92.1 99.8 108 116 125 129
C, (cal. '-,.) 0.260 0.290 0.816 0.889 0.866 0.87'

Decomposition Temperatrre, CC: 160-186 29
Decomposition Products: Lose water, caramelizes, and then chars when heated 29,50-ab-o v-e its melting point.i

For DTA see Addnl. Ref. 4

Vapor Pressure: A i
X-Ray Crystallographic Data:

83etn S G b a Axa A*& Unit Cb c 18
monodlinic C 10.89 8.69 7.77 1080 2 8

RY-eopicity: Powdered sugar absorbs up to 1% moisture in air, which it 2b
gen up on heating at 900C.

Solubility of Sucrose in Water:
Temp. *C 0 20 40 SO s0 90 100
g100 g. H2O 179.2 208.9 288.1 27. 862.2 415.7 487.2

Solubility: In alcoho1i and methanol ca. 1g./lO0 mlo Moderate aol gflyeerol and 1
wrldi/ne. 8ol ether common organic solvents. Insoluble in gasoline, CHCIa. 29

C turpentine. Noticeably soluble In aniline, ethyl acetate, and amyl Addnl. Ref. 8
aestate. 98

Health Hazard: nontoxic
Safety Classification: not listed
Fir and Erpl•kon Hazard,

Antoirnttion Temperature, OC: 385 71
Electrostatic Smenativity:
specific Hea', calj15og./OC at 20oC: 0.299 1

25Optical Rotation: t4-2g. in 100 ml. HjO,2 dmtube) + 66.47 to $6.49 degend, 29
ing oin the solvent from which it is crystallizWd.

Heat of Cwmbustion, Kcl./mole: 1851.8 Addnl. RAC.
Koal./g.: 8.949

Use in Pyrotechnics: an a fuel 50
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Sugar (page 3)
Additional References:

1) L. M6dard, M6m artillerie franq 28, 481 (1954)
2) "On Saccharose B," A. Pictet and H. Vogel, Helv. Chim. Acts 11, 901

(1928)
8) "Principles of Sugar Technology," P. Honig, Ed., Vol. 1, Elsevier Pub-

lishing Co., New York (1953)
4) "Differential Thermal Analyskis of Organic Compounds," A- T. Perkini.

and H. L Mitchell, Transactions of The Kansas Academy of Science
do, No. 4 pp. 437-40 (1957)

5) "X-Ray Examination of Sucrose," C. A. Beeves and W. Cochran,
Nature 157,872 (1946)
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' I
SULFUR (SULPHUR), S. Refs.

(Fowers of Sulfur, Milk of Sulfur, Brimstone)
Specification No.: JAN-S-487

The specification covers five grades of ground S:
A. gro•nd crude S uaed for black powder.
B, ground crude S used for py-otechnics compositions.
C, ground crude S used for pyrotechnics compositions.
D, ground refined S used for nongaseous powders and primer compo-

sitions.
E, ground crude S used for pyrotechnic compositions. The grades dif-

fer slightly in purity and in granulation.
Molecular Weight: 256.53
Crystalline Form: (a) rhombic, (p) monoclinic, (y) amorphous 1, 46
Color: yellow
Forms oi 9t.Ifur: Solid sulfur (S) exists in two crystalline forms, rhombic and 46

monoclinic, and also as an elastomer. The rhombic form is stable at ordi-
nary temperatures. Above the transition temperature of 95.40C and up to
the boiling point monoclinic S is the stable variety. Elastic S is prepared
byrapidly chilling liquid S which has been heated to elevated temperatures.

einfrard sptrum in identical with that of liquid S. On melting, S
becomes a straw-yellow tranpaent liquid, designated as X S. The liquid
may be supercooled in bulk far below its freezing point to room temperature
in the form of droplets which in time may solidify to a clear yellow glas.
At about 1600C, the liquid is dark brown. Its color deepens as the tempera-
ture is iaised and above 2500 C, it turns brownish-black. Apparently thestructure of the liquid undergoes an abrupt change at about 1600, and this
transformation is accompanied by the absorption of 2.751 cal./g. The sud-
den and enormous increase in viscosity' which occurs at this temperature
is one indication of a structural alteration. Other properties show a marked
discontinuity. Long chain polymers referred to as p S, in equilibrium with
rings of octatomic molecules, apparently exist in the liquid above 1600.
Beyond 230c the viscosity decreases but the color remains dark up to the
boiling point, 444.60C. If S at the boiling point is cooled slowly, it passes
through the changes described above in the reverse order. 20V3
"Flowers" of sulfur is a term applied to the mined molten S which is finely
ground. It in the type used for pyrotechnic purposes.

Density, g./ml.. (solid) rhombic 2.07 1, 46
monoclinic 1.96
amorphous 1.92

Coefficient of Thermal Expansion- 46
Tmp. OC LAneur (rhombic) Cubic (rhombic)
0-18 4.567 X 10-' 13.70 X A0"
1".-50 7.438 X 10' 22.80 X 104
50--78 8.683 X 10-' 25.90 X 104
78-97 20.67 X 10-' 62.01 X 10-
97-110 i08.2 X 10.4 309.0 X 10-'
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Sulfur (Sulphur) So (page 2)

Heat of Formation, Kcal./mole at 298°K: (gas) 5325 1,9
Free Energy of Formation, Kcal./mole at 298WK: (gas) 48.57 9
En-tropy, cal./deg./mole at 2981K: (rhombic) 7.62 5,9

(monoclinic) 7.78 5,9
See Tables a, b, c, d

Melting Point, IC: (a) 112.8 (,8) 119.25 (y) about 120 1
Heat of Fusion, cal./g.: (rhombic) 11.9 9

(monoclinic) 9.2
Boiling Point, OC: 444.6 1,46
Heat of Vaporization, cal./mole at 717.750K: 2300 5
Transition Point, OC:

(rhombic --p monoclinic) 95.4 46
(liquid -+viscous) 159.9 46

Heat of Transition, cal./g.:
(rhombic to monoclinic) 2.992 46
(liquid to viscous) 2.751

Heat of Sublimation, cal./mole at 298°K: S9 24,350 5
82 330,840

Heat Content or Enthalpy, rat./mole at 298OK: (solid) 1053 5
See Tables a, b, c, and d

a. HEAT CONTENT AND ENTROPY OF S (e, 1) 4
(Base, rh-crystals at 298.15 0K)

T, OK HT - Hs.*1  S S"8.1.5
cal./mole cal./deg.

mole
350 ........ 290 0.90368.6 (rh) .... 400 1.20368.6 (mon) . . 485 1.43
392 (mon) .... 63) 1.82
392 (1) ...... 965 2.67
400 ........ 1030 2.83
500 ........ 1940 4.85
600 2780 6.38
700 ........ 3850 7.72
717.8 ....... 3810 7.95

S (rh):
Enthalpy: H, - H2 ,., 5  3.58T + 3.12 X 10-T'- 1345 (0.2 percent; 298-368,60 K)
Heat Capacity: C, -- 3.58 + 6.24 x I 0'; A H,.,-= 85

S (mon):
Enthalpy: HT-H "a8 ,,= 6.20T- 1800 (0. i percent; 368.6-3920 K)
Heat Capacity: C, ý 6.20; A Hst2 (fusion) ý 335

S (1):
Enthalpy: HT- 11., =-8.73T -2457 (0.6 percent; 392-717.80 K)
Heat Capacity: C, 8.73
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Sulfut (Sulphur) S6 (page 3),

b. HEAT CO'NTENT AND ENTROPY OF S (g) 4
(Base., ideal gas at 298.150K)

T, -K HT - H,,.1  ST - S29.15 T, -K HT - H29s.1 i. ST - S29P.15
cal./mole cal./deg. cal./mole cal./deg,

mole mole
400 570 1.65 1900 ... 8320 9.79
500 ... 1120 2.88 2000 ... 8830 10.06
6 .... 1660 3.86 2200 ..... 9860 10.54
700 2190 4.68 2400 10,875 10.99
800 ..... 2715 5.38 2600 11,910 11.40
900 ..... 8285 5.99 280; ..... 12,950 11.79

1000 ..... 3750 6.VP 3000 ..... 13,195 12.15
1160 ..... 4260 7.02 3500 ..... 16,650 12.96
1200 ..... 4770 7.46 4000 19,340 13.68
1800 ..... 5280 7.87 4500 22,065 14.32
1400 5790 8.25 5000 24,810 14.90
1500 6295 8.60 cv.00 ... 30,330 1W.i11600.. . 6800 8.92 7w0 . .... . 35,860 16.76
1700 ..... 7805 9.23 8000 ..... 41,390 17.50
1800 ..... 7815 9.52

S (g) :
Enthalpy: H, - H2&.1 = 5.26T- 0.05 X 10-' --0.36 X 10T-1 - 1443(0.6 percent; 298-.24000K)
Heat Capacity: C, == 5.26 -0.10 X 106T + 0.36 ,• 10 5 T•2

Enthalpy: HT- H.js =- 4.967: -j- 0.05 X 10-'I - 0.60 X 105T-I- 1282
(0.2 percent; 240048WOK)

Heat Capacity: C, =- 4.96 -- 0.10 X 10-3T + 0.60 X 105T-2

c- HEAT CONTENT AND ENTROPY OF S2(g) 4
(Base, ideal gas at 298.150 K)

T, OK HT - H,,.s S Sr -S2". 5 T, oK HT - H2,s.j1  ST -S,-.0
cal./mole cal./deg. cal./mole cal./deg.

mole mole
400 810 2.34 1500 ..... 10,480 18.79
500 1640 4.18 1600 ..... 11,325 14,F7
660 2485 5.72 1700 ..... 12,225 14.91
700 3845 7.05 1800 ..... 13,125 15.43
800 ..... 4220 8.22 1900 ..... 14,02f 15.9.2
900 5095 9.25 2000 ..... 14,925 16.38

1000 5975 10.17 2200 ..... 16,730 17." 1
1100 6855 11.01 2400 ..... 18,645 18.03
1200 7745 11.7h 2600 ..... 20,360 18.76
1800 W.35 12.50 2800 ..... 22,175 19.43
1400 9505 1T.17 3000 ..... 23,995 20.06
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Sulfur (Sulphur) Ss (page) 4)
"' ~~So (g) :'

Enthalpy: H- H-.8 1 = 8.72T + 0.0b X 10-&T2 + 0.90 X 10sT I - 2909
(0.8 percent; 29&8-40O0uK)

Heat Capacity: C,=8.72 ±  0.16 X 1 0-IT- 0.90 X 105T-2

d 4 HEAT CONTENT AND ENTROPY OF 3s(g) 4
(Base, ideai gas at 298.150K) _

T, oK HT - Hs 8.16 ST-- S29s.i T, 1K HT - Hns.is ST -96.1
cal./mole cal./deg. cal./mole ;al./deg.

mole mole
400 3935 11.32 800 ..... 20,580 40.06
500 7985 20.37 900 24,850 45.09
600 ..o.o . 12,125 27.90 1000 29,140 49.62
"700 ....... 16,380 b4.39

Enthalpy:- HT- H2a.• It,-- 42.54T 4- 0.52 X 10-T' + 5.04 X 105 Tr1 - 14,420
(0.1 percent; 298-1000 0 K)

Heat Capacity: C, - 42.54 + 1.04 /, 10-OT - 5.04 X 10IT-2

Decompositioni Temperature: For DTA see Addnl. Ref. 5
Dewomposition Products:
Vapor Prewu-e:

Preas. mn. 1 10 40 100 400 760 M.P.
Temp. '1C 188.8 248.8 288.3 327.2 399.6 444.6 112.8

Form Ra.nge Ewiuation (Piin rm., Tin OK) 46
5166rhombic 20-80 log P = 11.664- -_
5082monoclinic 96-116 log P-11.234 T

liquid 25-74 log P 8.7v - 405

120-325 log F =14.7000 -- .0062233T L 405.1

j.5- ;50 log P 7.43287 3268.2

X-Ray Crystallographic Data:
System Space Group a b ,C Unit Celt 46

rhombic V14 10.37 12.845 24.369 128
(16 eight-mem!.ered

ririga)

monoclinic Ch 10.90 10.96 11.02 48
(6 eight-membered

____rings)

Hygroscopic'ty:
Spec. grade, % Wein at 70" F in s8 -.: none at 40, 50, and 13570%,R.' I.

0.01 at 90ý,, R-..
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Suffar (Suiphur) Ss (pqge 5)

Solubility Data:
In water: inzoluble 20
In alcohol and ether slightly soluble
In carbon disulph'de, 70 g./100 g.: soluble
In light petroleum, hot benzene, toluene ard 46
benzyl chloride: soluble

Health Hazard: Btlieved to be nmntoxic. Tank car shipments of molten sulfur 93, 46
may accumulate poisonous H2 S gas, which is also flAinnable and explosive.
In unloading operations suitable precautions should be taken.

Safety Classifications:
OSM: not specified
Prbbably clats 2 as a pyrotechnic material.
ICC: not mentioned
U.N. an inflammable -olid
Coast Guard: hazardous

Fire and E. smion Hazard: When ignited, molten S will burn in aii producing 12, 14, 46, 75 1
acrid fumes of S0 2, which are irritating, suffocating and lachrymatory
and inhalation should be avoided. Burh.ing S can react vigoroualy witi
oxidizing materials, Sulfur wh,.en compounded with chlorates and some
other oxidizing agents, forms sensitive explosive mixtures. When mixed
with carbon, lampblack, fats and oils, S forms mixtures which can ignite
spontaneously. It should be stored away from oxidizing agents. To fight
fire use water.

Electrostatic Sensitivity: When rubbed with most substances it becomes nega-
tively charged.
Minimum energy required for ignition by an electric spark, millijoules: 26

15
Ignition Temperature, in a* at atmospheric pressure, OC: 46

248-261
closed cup: 405°F 75
open cup: 440°F

Minimium Explosive Concentration of dust, mg./l.: 85 26
30 22

Heat of Combustion, Kcal./g.: (monoclinic) 2.240 1
•(rhombic) 2.200

Additional References:
10 "The Sulphur Data Book," W. N. Tullor, Ed., McGraw-Hill Book Co.,

New York (1954)
2) "The National Fire Codes, Vol. II, Combustible Solids, Dusts, Chemi-

cals and Explosives," National Fire Protection Association, Inc., Bos-
ton, Mas. (1958)

3) "The National Fire Codes, Vol. II, The Prevention of Djst Explosions."
National Fire Protection Awociation, Inc., Boston, Mass. (1952)

4) "Sulfur May Have Helical Structure," C & EN, p. 44 (Sept. 5, 1960)
a) Trans. Faraday Soc, 55, No. 444,2221 (1959)
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TETRANITROCARBAZOLE, (C 6H 2) 2 (N0 2 ) 4NH Refs,
(Tetranitrobenzopyrrole, Tetranitroidiphenylainine, TNC)

Specification No.: PAPD-639 (1954) pending revision of MIL-T-13723
Molecalar Weight: 347.20
Crystalline Forms: a, needles; fl, plates; 1 1,3,1,8) prisms 18
Color: light yellow 13

TNC is produced by treating carbazole with sulphuric acid and then nitrat- 88V20
ing the suiphonic acids to yield a miyrture of principally 1,3,6,8 and about Addnl. Ref. 1
10% of 1,2,6,8 TNC. The structure of the 1,3,6,8 isomer is

0 2N NH NO2

SN0 2N ONO%

Density, g./ml.:
Coefficient of Thermal Expansion: -
Heat of Formation:
Free Energy of Formation:
Entropy:
Melting Point, a: about 581°K (303-C) 88V20

with decomposition
I . 5930K (3200C)
y: (1,3,6,8) 5580 K

(2850C) with
decomposition

Specification: 2850C min. to 3000C max.
Boiling Point:
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy: --

Heat Capacity:
Decomposition Temperatuv e: Decomposes turns red-brown above Addnl. Ref. 5

on heating: 2000C
For DTA see Ref. 33

Decomposition Products:
Vapor Presure:
X.PAy Crystallographic Data:
Hygroscopicity, at 800C, 90% R.H.: 0.01 13
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T~twsakotrboewble, (Cell s(NO.)tNH (poge 2)

Solubility Data In water (g./100 g.) A 9bOC: 0.1 18, Addnl.
In nitrobenmene: very soluble Ref. 3
In hot acetone *nd hot pyrkline: soluble
In nitrobenme, chloroform, CCl4 , ether, ligtoin: insoluble

a--in glacial acetic acid: practically insoluble 88V20, Addnl.
in KOH: soluble with formation of Ref. 2

a yellow color
in coac. H*8 4 : soluble with formation of

a green color
p--in glacial acetic aced (hot) . soluble
V-4n glacial acetic acid: 8.05%

in pyridine: 8.55%o
in ethyl alcohol: trace

Health Hazard: toxic; and isn sed as 12
an insecticide

Safety Ciwaifications:
OSM: elas 9
ICC: not lieted

Fire and Explosion Hazard: Dangerous e7ploded by shock, When heated to 12
decomposition it emits highly toxic humes.
Can react vigorously with oxidizing materials.

Electrostatic Sensitivity:
Data on - (1,3,6,8) TNC 18

Oxygen Balance to CO,%: -85
Oxygen Balance to CO. % : -0.
Nitrogen (talc'd for C.P.) q: 20.0
Nitro nitrogen (calc'd for C.P.) %: 16.0 (spes. min. 15.5)
M.P., °C: 2N
Impact Sensitivity: 2 kg. wt., sample wetht 14 mg.:

B.M. apparatus, cn.: 100+ 18
P.A., in.: 18s

Friction Pendulum Test: unaffected by fibre orsteel shoe

Explosion Temperature (5 sec.), OC: decomposes at 470
100WC Host Test:

% low first 48 hrs.: 0.1b
S, loin second 48 hr.: 0.06

ZxpIon~ in 100 hrs.: none
Vacuum Stability Test, cc. gas/40 hrs. from a 5 g. sample:

100C: 0.2
120°C: 0.2

Smnd Test (200 g. bomb)
Sand crushed through 80 mmh screen: (gas) 41.3

No0
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Tetranitrocarebazole, (C6 1!) 2 (NO 2), NH (page 3)

Sensitivity to Initiation:
ead Azide 0.20 g. plus teLryl 0.25 g.

Method of Loading: pressed
Method of Storage: dry
Hpat of Combustion, cal.ig. at 18,)C: 3772.4 Addnl. Ref. 3
Use in Pyrotechnics: as a fuel, particularly in

some igniter powders

Additional References:
" ) "Identifliation of Isomers Formed in the Nitration of Carbazole," D.

B. Murphy et al., J. Am. Chem. Soc. 75, 4239 (1953)
2) C.A.48,2084 (.1954)
3) Pirattiny Arsenal Technical Reports IV,7, 1802, 1937, 1973, 1984. and

2180
4) P. Tavernier and Maurice Lamoroux, Mere. Poudres 89, 341 j19571
5) "Uber die Einwirkung von Athyl-'trat auf Diphenyl und Dijhenyl.

Abk6nunlinge," H. Raudnitz, Ber. 60, 741 (1927)

301

Downloaded from http://www.everyspec.com



"THIOKOL" (LIQUID POLYMER XI.P.2)
(T7hiokol is a tradeniarked namte)

Thiokol LP-2 Mix is a polymer manuf~acturedi by the Thiokrol Corpor~tion All data fr~itr
in the liquid state. It is a com'pletely polynierizable material which can~ be oor- Thiokolverted by suitable euratives to a tough resilient rubber without apprec~al Ciorporation,shrinkage. In the rubber state it remains flexible to -651F and does not melt at Trention, N.J.,
elevated terneratures. Its maximum service temperature is around 250"F, but Ref. 59I
it will stand highor intermitten-. temperatures. It is sold as a viscous liquid with
a viscosity of abut 400 poises zt WC. It is cold setting.
Formula or Structure: The a'.erage str~ucture is as follows:;,

H&.(C*Av-CHs-0-CaH 4-8-,S)) -CsH4 ---"Hr-O--C 2H.,-SH. Occasionally in
the chain of recurring units there is a side mercaptan group. The terminal
SH groups tire very reactive.

Specifications: none
Physical Properties:

Color: amber
Specific Gravity: 1.27
Molecular Weight: approximately 4000
Stability: indefinite
Moisture Control less than 0.2%
PH (of water extract) 6.0 to 8.0

Chemical Reactivity: LP-L is slightlY acid when pure and is stable. In alkaline
medium it polymerizes rapidly.
n [HS.- (RSS) 2, R-SH] --H+~(RSS-) x±nH2O.
The reaction is exothermic. R in the above equation denotes the group
(C2H4--O-CH2--O-C9'fI4).

Curing: Organic peroxides; e.g., benzoyl peroxide, tertiary butylbydroperoxide,
tertiarr7 butylbeazoate, and cumena hydroperoxide will promote cure. Con-
ventional paint driers will nerve to introduce 0 from the air and can be
used to polymerize LP-2. Cobalt driers are outstanding for this purpose.

Compatibility Data:
In the data given bel#nw solutions were prepared by stir: -ing small incre-
!nents of solvent into weighed quantities of the liqu~id polymer and continu-
ing until precipitation or cloudiness occurred. The figures given i-adicate the,
ultimaite tolerance of LP-2 for the solvent. Thus 70% for methylethyl
ketone indicates 70% of the ketonme and 30% LP-2 by weight. At 100%,
dilution is infinite.

Solvnt j Solvent
glaialac~ic cid20cyclohexnnone 100

methanol 0 a:L-iiine 10
ethanol 0 benzene 109
diethyl etl~cr 20toluene 100
dioxane 100 carbon tetrachloride 70
petrolour:, Alhe- 10 ethyl acetate 10•)
acetone 50 dibutytphthalate 100
roethyh'thyhcetoie, 70 nitromethane 6
Thexa figuima do not býold for polyrnerizeil LP.-2 which has low solubility.

Uae ir. fyrotechr.&t: As a f'uel wheii polyznerize~d
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TITANIUM, Ti •e

Speciflcation No, AMIL-T-13405A (CmIC) f
Molecular Weight: 47.90
Cryetalline Form (at temperatures up to

aLout 8000C): a, hexagonal 1
above transition • p, cubic

Color: F.iilver grey to dark grey 1
Density, g./nW.: (solid) 4.50
CoQ cieut of Thermal Expansion, linear (a), at R.T.: 8 X 10-' 38

Temr, Range 0C Coefficient
-195to + 20 6.8 X 10-6 27

20-200 8.9 X 10-4
20-400 9.9 X 1.0-8
20-400 10.. X 10-6

Reat of Formation, Kch./mnoi at ?98!K: (gas) 112.6 5
Free Ene gy of Formation. VY.a./mole at 2980K• (gas) 101.94. 5
Vntropy, cal. /deg./mule at 2080 K: ,c) 7.S3 2, 5

(gas) 43.07 .6 5
g3ee 'I ables a and b

Melting Point: M40 0 K (1fe7oC) 4
Heat U Fusion, cal./mole: R70P 5
Boiling Point: •5600o (&'277"O) 5
Heat of Vaporizati i, cal./Iole: 102,500 5
Transition Print, hexagor.al (a) to cubic (g): 15- (8*3": ) 4, 5, 9
Heat of Transition, cal./mole: 950 4
Heat of Sublimation, cal./mole at 298OK: 112.'i.f 5
Heat Content or Enthalpy, cal./mole at 298OK: ('scid) 1150

(gw, ý '2
See Tabies a and b

a. HEAT CONTENT AND ENTRO•Ti OF Ti (c, 1)
(Base, a-crystal) aL 2,48.15¢K)

-T o-f HT - HRM.i ST - o..HT . H Hr - H . ST Sim.:
cal./mole caldag. cal./mole cal./dog.

mole mole
400 625 1.80 1500 . 9600 12.05

00 ... 1250 3.20 1600 ..... 10,350 12.53
1920 4.42 170 ..... 11,100 12.99

Wh0 ... 2610 5.48 1800 ..... 11,850 13.42
800 3330 6.44 1900 ..... 12,600 1&,82
9( .. 4070 7.61 lS40 .• .) 12,900 13,98

1000 4840 8.12 1940 (76 17360.28
1100 5630 8.87 2000 ..... 17,840 16.52
11.5 (G) 6070 9.26 2200 19,440 17,?P
1155 (P) . 7020 10.09 2400 . . . . 21,040 17,98
1200( 7350 10.38 2600 ..... 22,840 18.62
I ..... 8•!00 10.98 280 .. 24,240 19.21
1400 8850 11,53 300,0 ..... 25,840 19.70
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Tji ,hui, Ti (page 2)

Ti (a):
I'mthalpy:H.1.- 1Hm. I& 525T + 1.26 X 10-T'- 1677 (0.3 percent; 298-11550K)
Hea Capaclity: C. =• 5.25 + 2.52 X 10-ST

Ti (Q):
Knthapy: HT - HS.16 == 7.Or - 16SW (6J percert; 1155-1940 0 K)

a H1c. (funionu =-- 4450
Ti (1):

Enthalpy: H,- HIM.1. =-8.= --n + 1840 (0.1 percent; 1940-30000 K)

b. HEAT CONTENT AND ENTROPY OF Ti (g)
(rase, idel gm at 298.15 0K)

T, K -•I.. S- u., T, OK HI, -142o,.,.s ST --S".,.5

caL/m~l cal./deg. cal./m~Je cal./deg.
mole mole

400 .. . 575 1.47 1900 8495 9.87
S... 1120 2.88 2000 ..... 9075 10.16

600 w 1650 3.84 2200 ..... 10,275 10.74
700 21'?0 4.64 2400 ..... 11,530 11.28
800 2685 5M8 2600 ..... 12,840 11.79
900 ... 3196 5.94 2"00 ..... 14,210 12.31

10C0 ..... 8705 6.47 8000 ..... 15,685 12.81
1100 ..... 4215 6.96 3500 ..... 19,460 13.98
1200 4780 7.40 4000 ..... 23,630 15.1(6
1800 5245 7.82 4500 ..... 28,110 1.15
140J ... 5765 8.20 5K00 ..... 82,P5• 3.lb
1500 ..... 290 .57 6000 ..... 42,8915 18.98
1600 ..... 682 8.91 7000 ..... 53,320 20.59
1700 7870 9.24 j 8000 ..... 6',830 21.99
1800 ..... 7960 9.56

Enthapy: H•-- -Hm.--=4.72T+C.20 )X 10T-'-0.90 9X lOP" 1123
(0.6 percwat; 298 - 20000K)

Heat Capacity: C, == 4.72 + 0.40 X 10-T + 030 x iOPT'
L'nthalpy: H, - --3.7•i•+ 0.59>< 10-vP - 1.58 x 10i• - 682

(0.6 percent; 2000- o0K)
Hoat C~apadty: C, -- 8.72 + 1.18 X o1t -v 1.58 X 1061"
Hott Caiacity, cal./mole at 298°K: (soliW) (1) 7.60 E, 9

(liquid) 00
(n) 5.8t

See alo above
Decomposition Ternperature: .
D~scmposition Prodncts:

242MXVapor Pr Avure: Ir thetamp. range 1W5O-1810' K; log p = 7.80 - T as
p -, pess. in atimiphera and T = absolute temp.
Fax other q• ations se. Rof 88 and Addnl. R•sf. 3 and 4
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Tits~uiu,TI (page 8)

X-Ray Crysmtallographic Data.
ysf Swae Grroup a c Atoms/Unit CeU
heDLua 2.951 4,692 2

cubic 8.kG88 2
Hygroscopicity (cumulative increase -n weight after)

Storage over HgO for 29 days: 1.%51
HoS4for 29 days: 0.0%

Two days iu oven at 105OC: 0.0%
Solubility Dats: In cold water: insoluble 29

In hot water, decompo~ss
In dilute acdds on heating: toluble

Health Hazard: none; physiologically inert 1?,
Safety Cl~assfications:

OSM: CIAss2
ICC: Powder listed under "Explouives and Other Dangerous Articles"1 as

a flammable solid; yellow label.
U.N.: inflammable solid

Fire and Explosion Hazardi: Powdered metal exposed io &"r is a dangerous fire 14, 49, 51
hazard and burns with~ intense heat. Prevent waWe from contacting the
material. Stot* and procem in rooms or buildizi~ ad iuately vented at the
higrhet point to prevent the accumulation of hydrepgen gnu which results
from the reaction of powdered metal and moisture. When mixed with oxi-

* ~dining material, the powdered meWtalo a da irous fire and expiosion haz-
ard. In the repair and maintenance of burildings or equipment, powder or
dust should be removed and nonsparking tools used.
Finely ground titanium powder explodes spontaneously when in contact
with hot air, and burns In atmospheres other than air. At 6890C, the flue
powder burns in pure carbon dioxide. At red heat, titanium decomposes rstoain to free hydrogen. Above 1475OF it burns vigorously in atm phe
of pure nitrogen. The metal and its al'oy. explode when treated with nitr-'
acid. Oil covered titanium chips have ignited spontaneously.

Frecaut'ons When IL 4Jling Titanium:
Titanium powder is shipped and stored wet. Moist'are content of contalnetrs 14
of titanium powder should be kept above 20% by volume. All standard
precautiorA must Li~ taken when handling the powder. Metal equipment
with which it comes in contact must be grunded, and ojirations carried outin atmospheres of helium, or arn.topee carbon dioxidi and
nitrogen are Ineffective since dust layers of the powder igritte in these gases.

&4ýctroststic Sensitivity (minimum energy required for ignition of powder by 28
electric sparks, millijoules): (dust cloud) 10

(dust layer) .008
Ignition Temperature, OC:

Duc Cloud 021{Dust Layer ago
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Thtanium Ti (pge 4)

Minimum Explosive Concentration:
Powdered metal, mg./l. 45 26

Corrosion Resistance: Extremely resistant to corrosion by most substances. 88
Use in Pyrotechnics: As a fuel. According to the specification, it is used in first

fire mixtures for incendiary munitions.

Additional References:
I) "The Explosive Characteristics of Titanium, Zirconium, Thorium, Ura-

nium und Their Hydrides," I. Hartmann et aL, Bureau of Mines R.I.
4885 (1951)

2) Ref. 64
3) L. G Carpenter, Nature 163, 527 (1949)
4) J. Phys. Chem. 59, 127-131 (1955)
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TITANIUJM WOt)XUE, ~'no., Refs.
(Titania, Titanium White. fintile. Anwaasc. Pr(okae) 1, 29

Percent Oxygen: 4(ý ( i
Specification No.: TT..'-.- 6a (Dry-Paint

Pi oMent
The specification covers one grade and three types ot tit.Anium dioxide pig.
ment which vary in purity:

Type 1, Free chalking (anatase)
11, Semi-chalking, aluminum treated (rutic)

III, Chalk-resisting, silicon-alurminum-zinc-treated (rutile)
Molecular Weight: 79.9)
Crystalline Form: tetragc..,ai

Allotropic Forms: TiO 2 occurs in four allotropic forrit; b'ookite, rutile, 65
and two forms of anatase. The stabilit' fields of these rnodirications 3-•ave
not been clearly determined, but anatas,, 1 is reported to transform to ,na
tase I at 6420C, and anatase I to rutile at 9150C. The first trausformation
is rapid; the second s!ow. The formation of a rutiie structure rAso has beeP
foundi to occur when Ti 2O3 is oxidized.

Color: (purified titania) translucent water white or yellowish cast. Turns ye1- 2,
low then browri when heated. 54V7

Density, g./ml.: (solid) brookite 4.1'7 1
octahedrite, anatase, 3.84 1,22
rutile 4.26 1

Coefficient of Thermal Exparesion: 9 X 10 41
Ref. quotes Addnl. Ref. 5

Coefficient of Thermal Expansion per OC: (E X 10 7) where E is Addnl. Ret. 4
70-4O0 over the range
20-600oC

Hleat of Formation, Kca./mole at 2980 K. (c, II1) "i' -218.0 1, 9
See Table a

Free FY orgy of Formation, Kcal./mole at 2989K : (c, 111) rni'i'c -203.8
See Table a

a. BEAT AND FREE ENERGY OF FORMATiON OF TiO 2 (rutile) 2
T, "K • H (cal. 'mole) N F° (cal./mole)

298.16 --225,500 (250) -212,300 (±250)
400 2. - 5,3,,5 0 .-207,800
500 22, 00 --203,450
600 • . 224,900 199,150
'700 ..... 2241,700) 1941,95
800 ..... -224,500 190,600
900 .... 224,300 --186,100

....... . ...221,150 -1.82,200
110()0 ....... .224,000 17-A,060
I I,.. 223,95o 175,900

1.5122-1,900 17) 75,900
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1

Titanium Dioxide, T1O 2 (page 23

T, -K 1 H (cal./mole) A FO (cal./mole)
i200 -224,800 -173,800
1300 -224,600 -169,550
1400 -224,400 -165,300
1500 -224,150 -161,100
1600 -223,900 -156,950
1700 -223,650 .-152,7,0
1800 ..... --223,400 -148,600
1900 -223,150 -144,450
2000 -222,850 -140,300

Free Energv Equations: 2
Reaction Range of Validity, OK

1) Ti (a) + 02 (g) =-TiO2 (rutile) 238.16-1150
T F -- 228,360 - 12.80T log T + 1.62 (1.0-3T 2) - 1.975 (10 5 T-1 ) + 82.81T

L) Ti (,8) 4 O? (g) --=Ti0 2 (rutile) 1150-2000
A F•. ==- 228,380- 7.62T log T + .36 (10 3T2) 4- 1.975 (105T-1) ± 68.43T

Entropy, cal./deg./mole at 298OK: (c, III) rutile, 12.01 9
See Tables b, c

Melting Point: 2108-K (1835-C) 9
Heat of Fusion, Kcal./mole: 15.5 t: 2.5 24
Boiling Point: (rutile) 2500°K (22271C) 63
Heat of Vaporization, Kcal./moie: 138.9 Addnl. Ref. 1
Transition Point:
Heat of Sublimation:

b. HE4 T CONTENT AND ENTROPY OF TiO2(rutile) 4
(Base, crystals at 298.15°K)

TK IT- 1H29tni 2  ST SM.l 1. T, -K HIT - i11"915 IST -- S298,15
cal/.mole (Vi1/deg. caL./mo!e cal./deg

mole ....... mole
100 1540 4.43 1300 ..... 17,000 24.38
500 3100 7.91 1400 ..... 19,820 25.73
600 4735 10.89 1500 ..... 20,660 27.00
700 6440 13.51 1600 22,530 28,20
800 ... 8160 15.1 17.00 2......24,120 29..)5
900 9900 17.86 i800 ..... 26,340 30A44

1000 11,650 19.70 1900 28,280 31.49
1100 13,420 21.39 2000 30,250 32.50
1200 15,200 22.9-1

TiO::ru'Ade):
nthalp1 :lilt .,• 17.97T 0-14i I0 "1'2 13 WI)T 6829

(0.8 percent; 29S 18900K)
heat Capacity , ( 17ý97 028 x, 10 3T, 4..3i) '.( 101T 2
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Thwiiunm Dioxide, TiO2 (page 3)

c. HEAT CONTENT A.ND ENTROPY OF TiO2 (ana&tase) 4
(Base, c'ystals at 298.1511K)I

T, OK IT- 1-12,8 5 ST - %.5T, -K Hr- i4T p ST S28.
ecal.'rno!e cal./deg, cal., .nole cal./deg.

mole mnole

500.. 3100 7.91 I1000 !l,.20 19.78
600 ... 4735 108 1100 ... 3,5"JO 21.51
700 . ... 6440 13.52 I1200 . .. 15,250 23.C9
800 ..... 8170 1 5.8'ý2 1300_ 17,190 24.55

TiO, (anatase):
Enthalpy: HT - H2815ý17.83T + 0.25 X 10 1T2 + 4.23 X 105TA' - 6757

(0.7 percent; 298-13001,K)
Heat Capacity: C, ý 17.83 + 0.50 X 10--T - 4.23>X 10 5T-2

Heat Capacity, cal./deg./rnole - (solid) 13. 16 9
See equations above

Decomposition Temperature:
Decomposition Products: --

Dissociation Pressures: 63
30361

17apor Pressure, log Pats.. --- i- 0.492 X< 10-3 + 11.19 (T OR 0 ) Addnl. Ref. 1
ht 20000 K, log p =- 4.97 atmi. See also Ref. 54V6

X-Ray Crystullographic Data:
System Space Group a c Molecules! Unif Cell

(r'itile) tetragonal D)41 4.58 1,95 2
Hygroscopicity: nonhygroscopic
S-l)ubil ity Damn: In water, W3I, IfN%3 , dil. H2S0 4 : insoluble

In hot concentrated H-2S0 4, alkalies: soluble
Health Hazard: Considered harnnw-- but high concentrations of the dust m'ay 12, 25

cause irritation to the respiratory tract.
M.A.C., rng./m.3 of air: (tentative) 15 29

Safety Classifications:
OSly: notI. listed
1 CC: 116t listed

Firt. anid Explosion Ha zard : none,

Ulse in .Pyrotcchniks; a product of the
coflibiition 'f Ti
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Addý;ional References:
1) "Vapor-Solid Equilibria in the Titanium Oxyger, System," W. Groves

et al, J. Phyp. Chem. 5,9, 127 (1955)
Ref f 64

3) For color cklanges see also Ref. 44V29 sup
4) F. Humn'7el and E. Henry, Report 6, Penn. State College School of

Mincral ndustries, PB 60, 659 (1946) ; cited by Ref. 65
5) Ind. Eng. Chem. 38, 1097 (1946)

4._

l+
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TOLUIDINE-RED TONER (dry paint pigment) Refs.
(1-(3-Nitro-p-Tolueneazo)-2-Naphthol,

Metanitroparatoluidino-azo-Betaiiaplithol, C.I. 12120, 82,48!
C.I. Pigmeiit Red 3)

NO:,. OH

Formula: H'C ý - N: N--D CH71 13N303

Specification No.: TT-T-562
The color shall be resistant to I1N0 8 (1.20 Sp. Gr.). to HCL (1.10 Sp. Gr.)
and to 10% caustic soda solution.

Molecular WEight: 3U7032
Crystalline Form: microscopic delicate 32

feathery needles
Color: purplish or brown; bright 82

red to somewhat darker Spec.
yellowish red 84A

Density, g./ml,: (solid) 1.40 82
(bulking value) 0.08576 82

Coefficient of Thixrmal Expansion:
Hcat of ý'ormat-n:
Free Eni-rgy of Formation:
Entropy:
Me ting Point, °C: 258 48A
Heat c4 Fusion:
Poiling Point.
Transition Point:
Heat of Subiination:
He at Ck atent or Enthalpy:
I leat Capat ity:
l)ecornpostL.ion T1cnrporature:
Decoinpositioa ýroducts"
Vapor Presv,:
X-Ray Crystallographic D)ata --

tlygros:oT)icity .
Sol b.itv 1)it ih ac,-ton and chilorofor' : slu i' 82

" "Ja oil aII! 1',ie sIl' sclui)le 48A
1;1 t '('1 v ,eivy sligj M soluble S'2

', eaith flat i:rd

V u
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Tohulddne-red toner (page 2)

Fire and Explusion Hazard:
Electrostatic Sensitivity:
Resistance to light: kful shade) excellent 82

(tint) good
to heat: to 320°F

poor when baked 20 min.
at 270°F

to acids and allralies: good
Use in PyrotecKnics. Added to igniter compositions to impart a red color for

identification.

Additional References:
1) Ref. 82
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1,4-di-p-TOLUIDINOANTHRAQUINONE Refs.
(1,-4di-ptolyaminoanthiraquiniane, 92, 4eA
0 & C Green No. 6, Quinizarinc

Green G Base, C.L. 61565, C.. Solvent Green 3)

S~0 H

Formula: C 28 .A2 N20 N 2

II N-QCHs
000 H •-

Specification No.: MILD-3277
Molecu'ar Weight: 418 5
Crystalline Form: needles 88V14
Color: Green, from chlorobenyzl-blue, 98V14

from glacial acetic acid--dark violet 88V14
Density, g./ml.

Ann!,nent Density: (Spec.) 0.45 ± 0.25
Temperature Coefficient:
Heat of Formation:
Free Energy of Formation:
Entropy:
MeltinQ Point: 4910 K (218 0 C) M8V14
Heat of Fusioit:
Boiling Point:
Transition Point:
Heat of Sublimation
Heat Content or Enthalpy:

ShIeat Capacity:
Decomposition Temp.erature:
Decomnpositien Products:
Vapor Iressure:
X-Ray Crystallographic Data
tIygrmscopicity:
Solubility )ata: In A cohol (g.ilo) 11C: 34 Addnl. Ref. 1

In anilinc : solhble with green color 88V 14
Ir. corcentr:ated H SC,: soluV,,- with violet-blu

cc tor or vjolet- red
In chloo-oforma ani in 1wnzerxe : soluble

Health h'ITar-a*. umknowa 92

Ai
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1,4-DI.p-toluldinoanthraquineone (page 2)

Safety Classification:
OSM: not listed
ICC: not listed

Fire and Expiosion Hazard:
Ele•ixstatic Sensitivity:
Uqe in Pyrotechnics: to color smoke mixtures

green

AMditional References:
1) "The Dyeing Phenomena of Acetate Artificial Silk," V. Kartaschoff

av•d G. Farine, Helv. Chim. Acta 2, 8?'ý (1928)

314
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TUNGSTEN, W Refs.
(Wolfram)

Specification No.: MIL-T-1.2i27
Molecular Weight: 183.86
Crystalline Form: (cubii) f.-form trans- 5

forms irrrversely to
above 7000C

Color: grey-black
Density, g./ml,: (solid) 19.3
Coefficient of Thermal Expansion, linear:

-108 to 00C: 4.2 X 10-6
0-100: 4.8 X 10-O
"0-300: 4.5 X 10-
0-500: 4.6 X 10-
1000-200C: 6.1 X 10-

Heat of Formation, cal./mole at 298 0K: (gas) -200,000 5
F'ee Energy of Formation, cal./ynole at 298OK: (gas) -190,009 1 5
Entropy, 4l./deg./mole at 298OK: (gas) *1.55 5

(c) 8.04.
See 'Tbles b, c

Meliing Point, OK: 3650 6
Heat of Fusion, cal./mole: 8420 5, 7
Boiling Point: 5800 0 K (5427°C) 5
Heat of Vaporization, cal./raoie: 191,000 5
Transition Point:
Heat of Sublimation, cal./niole- 200,000 5
Heat Content or Enthalpy, cal./mole: (solid) 1216 5

(gas) 1486
Heat Capacity. (solid) 5.92 5

(liquid) 8.5
(gas) 7.5

a. HEAT (APACITY OF TUNGSTEN (solid) 5

T, (K Cp ,ai.ideg./role 1 T, IK CI, :ai./deg./role
298 9 i6(i0 .2 7.00
600 ... 6.17 2000 7.33
'SO 6.34 2500 . . . 7.74

100o .. 6.50 3000 8,15
!200 6.67

al;"h i
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Tuagien, W, (page 2)

b. HEAT CONTENT AND ENTROPY OF W (r) 4
(Biae, crystals at 298.15 0 K)

T, -K HT- HM.15 S- .• T, -K HT -11"S.• 16-- 1~
cal./mole cal./deg. cal./mole ca'.,deg.

I.. ole molo
400 .. . 615 1.77 1500 ..... 7730 10.18
500 ... 1220 3.12 1600 8430 10.63
6 ..... 1830 4.23 1700 ..... 9130 11.06
700 ..... 2450 5.19 1800 ..... 9840 11.4's
800 ..... 30J 6.03 i900 . ... 10,550 11.85
900 ..... 3710 6.77 2000 ..... 11,270 12.22

1000 .... 4360 7.46 2200 12,720 12.91
1100 ..... 5010 8.08 2400 . . . 14,190 13.55
1200 .5... 670 8.65 2600 14,680 14,14
1300 6.40 9.199 . .28. 17,190 14.70
1400 ..... 7030 9.70 J3000 ... . 8h,720 15.23

W(c) :
Enthalpy: Ur. - H.,. 15 = 5.74T -0.38 X 102T2 - 1745 (0.4 percent.; 298"000O0K)
Heat Capacity: C. =- 5.74 + 0.76 X 10-',

c. YEAT CONTENT AND ENTROPY OF W (g\
(Base ideal gas at 298.15 0K)

-T,- oK H,• - Hns8l '-; j T, -K IT' 1111 r]

cal./mole caI/d:g cal.f.!aole cal./;deg.
niohe mole

400 ..... 540 1.55 1 1500 ... 10, I'w) 1.2.47
5w ..0.. 1130 2. M'8 160 ... 1i,040 13.04
600 ..... 1805 4.09 1700 .... L ,89.5%
700 2580 5.28 -8&X0 .2,730 1 .04
84)0 3440 6.44 10)0 1. 3,540 14 47
900 .... 4375 7.53 2000 14,325

1000 ..... 5350 8.56 22A .. 15,855 14.S I
11,00 ... 6340 9.50 2400 17,330 16.2L
1200 .... 7325 10.36 20) 18,78o 16.W33
1300 9.200 11.14 2800 26,210 17.36
14W0 ..... 9235 k 1.84 "000 . t. ,63573

W (g)
Eqit/ai)y : UT 1 0•,•T' - 0.66 X 110 T'W 4,64 C< i06T I v9-88

lepý GAl ty C•, 4,641.2 l 1 o 6 I

.316
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T'ungsten,' W (page 3)

Vapor Pressare: At 2000-35000K can be calculated from log p (ram. Hg.) 40
4200

T 9.84 - (i.0146 log T -0. t04T. Wheve T temperature OK. V&por pres- I2
siure is I mm. at 39900 C
X-Ray Crystallogruphic Data:

System Space Group a Aioms/Unit Cell
a, cubic 09 3.1583 2
f, bicjr 0 5.04 8

Hygroscopicity:
Solubility Data: In water: insoluble 1

In 11NOa, HIS0 4 , and aqua regia: very slightiy soluble
In HF and HNO,,: soluble

Health Hazae : l:very slight 12
$ Safety, Cla~qifications

OSM: class 2
F re and Explosion Hazri : Tungsten is dangerous n the powdered form when 12, 14

enposed to flame. It burns with intense heat. Prevent water from contacting
.he material. Store and process only in rooms or buildings adequately
vented at the highest po:nt to prevent the accumulation of hydrogen gas
which results f. om the reaction of the powdered metal and moisture.
When ( )mpounded with oxidizing agents, the powdered metal is a ,ianger-
ous fire and explosion hazard. In the repair or maintenanc'e of buildings or
equipment, powder oi dust should be remnoved and nonsparking tools used.

Electrostatic Sensi'vity v
Use in Pyro.echnicf;: as a fue

Additional References :

I) ".ungsten," C. J. Smithells, Chapman & Hall Ltd., London (1962)
2) Re f.. i
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miNCST-,'N DIOXIDE, WO, Refs.

Specification No.:
Molecular Weight: 215.92 1A
Crystaliine Form: cubic 1A
Color: brown 1A
Density, g./ml.: (solid) 12.11 1A
Coefficient of Thermal Expansieni:
Heat of Formation, Kcal./imole at 298°1K: (c) -134.0 t 2.5 24A-136.3 1L' 9, 31A
Free Energy of Formation, Kcal./moie at 293 0 K: (c) -123.8 6

-122 8
-118 31A

HEAT AND FREE ENERGY OF FORMATION OF W0 2 (c) 2

T, °K A H (cal./mole) • F" (cai./mole)
298.16 .... -137,000 (t 2000) _-124,60, (0±- 2000)
400 ...... -136',9w0 -120,400
500 ..... -136,900 -116,300
600 -136,800 -112,100
70 ..... -136,800 -108,000
800 -136,700 -103,900
900 -136,600 9'9,800

1000 -136,600 :5,800
Il0C ..... -136,50) _-9!,700
1200 ..... -136,500 -87,600
130•. -156,400 -83,500
140HO ..... --136,200 -79,500
1500 ... -136,300 -75,400

Entory cal,/dJg,/mole kt C98°'K: 15 615.5 2
16.0 -* 2.5 24A

Melting Point, Olt: Ss+e Dec ,mpoitior Tempern ature below. Ignites in air. Ignites 31A
in nitragen at 1500-160,)"C.

Hpat of Fusion Kcal./rnolv 11.5 6
Bailing Point ý B, gins to subhn.- At abI)ut 800"C. Quite volatile above 10,50". The 44S54

boiling point i about 180(, K.
Heat of Vap..rizat.m i, Kcalmole: 486 1-IS5B4
liert of iul , : .
Heat (4,owent or E ý,ha!py .
Heat Cap•,ity:
['-,nIoRfkeitior °rempcrature, "K:(le(omposes at 2125 i)O S
1* rnpiisit•.: 1 F'roO ct: W .f WA ). which sublirmes ,1-S54
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Tungsten Dio.',de, W0g (page 2)

Vapor Pressure: appreciable at 18000K 44S54
X-Ray Crystallographic Data:

Molecules/
System Space Group a b c Axial Angle Unit Cell

monoclinic P,1  5.65 4.89 5.55 1200 25' 4 4, 24A
tetragonal 1Ah 4.86 2.77 2 2, 1A, 97

flygrf)esopicity:
Solubdity Data: In H2O, acids, KOH: insoluble 1A
Health Hazard : slightly toxic
Safety Classifications:

OSM: not listed
ICC: not listed

Fire and Explosion Hazard: The amorphous powder is atrongly pyrophoric and 50V14
easily oxidized to WOs.

Electroxtatic Sersitivity:
Use in Pyrotechnics:

319
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ZINC, Zat Refs.

Covers t¢hree grades, which differ in purity, and tv o classes differir iar
wrmulation.

Ueleemar Weight: 85.38
Crys~al!ine Form: hexagonal 71
Color:- bluish-white I

Density, g./ml.: (solid) 7.14 1
Coe~fficirnt of Thermal Expanaion, finesr at

10-OO0 C: 26.2, x 10-0 1
cubic at 0-100•C : 89.28 X lo04
Equation for linear coefficient: 1, -L (1 ± .2969 X 104) + 1

where 1, o length at temp. t in OC and l. = length at 0°C
HAt of Formation, Kcal./mole at 298°K: (gasý 31.18 1, 9

Free Energy of Formation, Kcal./mole at 298°K: (gas) 22.682 5
Entropy, cal./deg./mole, at 298OK: (c/ 9.95 1, 5

(gas) 38.45 1, 5
See Tables a anzi b

Melting Point: 692.7,K (419.80C) 4, 5
Heat of Fusion, cal./mole: 1765 4, 5
Boiling Point: 11810 K (90(Y- 1 5
Heat of Vaporizatien, cal./mole: 27,.50 5
Traniition Point:
HeAt of S'7blimation, cal./mole 31,1W. 5
Heat Coi.tent or Enthalpy, cal./mole: (solid) 1349 5

See equsitionn below

a. H1EAT CONTENT' AND ENTROPY OF Zn (c, 1) 4
(Bare, crystals at 298.151K)

T, OK HT, - 11",. ST. ,--- T;- H5T T, -KS'r
caL/mole c("./deg, cal./moie cal./deg.

mole j rrole
41K0 625 1.80 8W .. 515tC 9.08
5W .. 1270 3.24 . . 9.96
600 ..... ..... 40 4.46 1000 ..... 6650 10.75
692z7 (c). . . 5-0 5.45 1100 ..... 7400 11.47
69(2.7(1) , . . 4345 8.(00 1200 156 12-12
700 .. . K.10, 8.08

:•: Zn (c)

-IT T !24.d ,I 5.35T -1 . 1.20 r,, [0 017 1702 (0.3 fwrcet't. 29" -60P•..i<(,
-, ~ ~ ~ ,14 ki l t y•, t": C,, 5-.35 2 ;.4'0 -IT. sf

Lriithai:y; .t I ~I, 7 VT-. 85M (0. 1 jr(cent;192.' 1200)''11)

3t20
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Zinc, Zvi (page 2)

b. HEAT CON'TCENT AND F'TTROPR OF Zn (g) 4S(Ba-se, idell gas at •)8.15°ýK)

T, 0 K HT- H209 15 S 11 aN.UI, oK H-I 118 is SIR I--0.
cal./mole cai./deg, Cal /mole cal.ideg.

mole mole

400 ..... 505 1.46 1900 7%9.0 9.20
50) 1005 2.57 2000 84.5 9.46
600 1500 3.48 2200 9450 9.93
700 1995 4.24 2400 10,445 10.36
800 .g 2495 4.90 2600 ... 11,440 10.7C
900 2990 5.49 230.. 12,435 11.13

1006 3490 6.01 000 .... 13,425 11.47
1100 3985 6.49 3500 4.) . 15,910 12.24
1200 4480 6.92 40'"j . . . . 18,400 12.90
1300 4980 7.32 4500 20,905 13.49
1400 5475 7.69 5300 23,435 14.03
1500 5975 8.03 6000 28,C75 14.98
1600 ..... 6470 8.35 7000 ...... 34,385 15.36
1700 6965 8.65 8000 . .. 40,905 16.73
1800 7465 8.94

2•i (g): :
Enthalpy: H, - H 2 8•1• --= 4.97T- 1482 (0.1 percent; 298-50000 K)
Heat Capacity, cal./deg./mole: (solid) 6.07 4, 5

(liquid) 7.50
(gas,. 4.97

Also see above
DecompoAtion Temperature:
Decc~mposition Products:
Vapor Pressurm:

Press. mm. 1 10 40 i00 4C9 760 M.P. 1

Temp. °C 487 593 673 734i 844 9I07 419.4

X-Ray Crystal!ograpnic Data:
System Spamc Group q, C Atins!iJ,-it ZJetI

hexagonal D4h 2.6i585. 4,9342 2
Ilygi oscopicity: On e-:poure to moist. :v "-c bk rnes coated witir a white oaxsc t(I, 29

carbonate of Zn. Cumulative inerenztý ;v) wejigh aftr:
Storage ,etr 11,() fo, 29 days: 52..,
Storage over t 11,'0 for 29 days:
Two dasm in oven , 1 ThC(

8, iu.u1ilii !,.' IHiSAlIdu e ijil w t, buf ,t ; b i,! 4:'c . al s a! Zrn: ,oia. 1 -9
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i(,8Ith I 1U I r a: limc vlwder shi s il'hfy to mu ,leIately tt V"i.:%:11 he ,ted fumes 93, 12,
of Z11 0evolve, which ¾',*u inhnled ' t. caimei 'brass founde:.s gIew" or
"bras's ch 1 ls atnd fever, alsey can,, i "''i:-4tviiu• 'C. - ., .Zinf Ohlr," or

wdi~vII. , 0 eIt'c is its3ial1y tenyurai y.
M.A11. C o r zim (14 'Aa() ., mri.- 5

S-fety Classifica.ions:
OSM : class 2
WCC: not listed

Fire and Explosion Hazard: Powdered zinc when hes eXd is an explosive ind fire 12, 14, 4li9, 51
hazard. It burns with .intense heat. Preven t waler from contacting die
material, Store and process only in buildings or rooms adcrquately vented at
the highest point to prevent the ac-umulation of evw'.,ed hydrogen gas
When compounded with oxidizing agents, the powdered metal is a danmerý
ous fire and explosive hazard. In the repair or rruintenance of buildings or
eqnlpment, powdered dust should be rt-noved and rno.srarking tools ased.
Fight fire with special mixtures of dry chemicals, or powdered tac. 75
See also Ref. 86

Electrntaltic Sens,-ivt;y (mini-mm enc.gy required for ignition of powder by
electric sparks, millijoules) : (dust cloud) 650 2?6

ignition Temperature, C)C: (dust cloud) 20 26
(dust layer) 100

IMinimum Explosive Concentration, mg./l.: 4%iý 26
Use in Pyrotechnics: As a fuel. On burning, it produces a white light with a 20, 29

bluish-green or bluish tint.

322
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5V¾

I ,Molecular U,'Wigt: : :,.,•

Colo, : \\bi e 29

Density, g./n-il. "(S 4.44s
Coetficicini of IY i ..A,

Rc"at ]vn0'-: 2oii,.:.K . ,9Scn:olK ý.• 19"4 :0 .2,g 9

e•q•oY al..ideg. ",rj•- ale at 2198" "`K, . 19.7 3.. :
ol•t{;Fig' P'M ) ...-v~a, v,.ses CO,• at,

573-K (3001,C)
Hieat of Fus .1 ..........

Boiling Point

Transition Poit:
Heat of Sublimation:
Heat Conten~t or X-nthalry° ..
lHeaf, Capacity, cii.1,/ deg'.imole:- (Solid) 19 10 .

Molal Heat Capacity can be estimated from C, 9i30 + 33.0 (lO-T) at 4

2,98..-7802K

Decomposition Temperature: loses C0 2 at 0C),,
Conmmeruiai ZnCO3 gives off some CO., even at 900C. Decomposition is corn. I

plete at 361), in 1 hour, and at 410" in !' hour. 54V4
Decomposition Prode Its : ZnO 4- CO. 54V2
Heat of Dissociatior. al.mo: 21,000 44S32sup
Dissociation Pressure. A constant reproducible decomposition pressure has not 44S32 sup

bee' observed. The decompo.sition depends or. thc grain size and other
factors.

X-Ray Crystallographic Data:
Molecules/

System Space Groasp a .Axial Angle Unit Cell
hexagonal Dta 5.704 a 48' 6' 2

Hygroscopicity:
Solubility Data:

In water at 15C: 0.0.i g. i, i2
In acids, alkalies, NH, salts: soluble
In NH., acetic acid, pyridine: insoluble

Health Ilazaid: low
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Sr fety Clsssifications:
O-SAI:tio". lkiytd

F -uc aridU "U'Ajlosioi .ilnzard:
Electrost~atic Sensitivity:

Use Pvio~eclinics as a retardant 1
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.41

(Chwa'r ''l~te,/in Wb..,Il.wer of Ziav,1,I 2

SpJC eat jaIiLn .No. : MI L-,-, 1 B

The specification covers three grades of which grades I and 2 arC used in
pyrotechnic mixtiices. They lia,,' z somewhka! in purity (,rde 2 is, the
purer) an,! nave tIhe slanio gr:Louitloln.

Molecular We~ght: 81.38
Cryst",lline Form": amorphous powder 1
Co! or: whitle (or yellowish) I

Becomes lemon yeiiow on bheting, regaining i. A white color on o'l 52V11
Diensity, g/rnl,: (solid) 5,47
Ck,,flieieint of Thermal F.Kqp'ansion, cab;i=: (avr..) !. \x l0 ) 31
Heat of Formation, Kcal./mole at. 298 0 K: (fused) 84.35 ,, .

(c) --83.17
See Table a

Free Energy of Fobrmation, Kcal./mole at 2980 K: (e) - 76.05 1,9
See Table a

a. HEAT AND FREE ENERGY OF FORMATION OF ZnO (c) 2

T,K A H (cal./mole) A F 0 (cal./mole)

298.016 .... -83,250 (7t 200) -76,100 (± 290)
400 .-.... 83,150 -73,650
500 ..... --81,050 -71,300
600 ..... -82,950 -68,950
692.7 . . -82,850 -66,300
692.7 . . -84,600 -66,800
700 -84,600 -66,600
800 ..... -84,550 -64,060
900 ..... -84,500 -61,450

1000 ..... -84,400 -58,900
1.101 .... -84,300 --56,350
1!80 -84,200 --54,350
1180 ..... -111,600 4-54,350
1200 ..... -111,550 -53,350
1300 -111,150 -18,500
1400 --410,750 -43,700
1500 -116,350 -38,950
1600 . . -109,900 -34,200
170. . -109,450 -29,500
1800 ..... -109,000 -24,800
1900 ..... -108,550 -20,150
2000 ..... -108,100 -lo,50.7
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Z;The 0)idle ZIA (page 2)

I 'hase: Changes of MetaiM..,6,9 .7" 1K, AIf- 176i cal./g -'.t..,ni

B.P., ! 1800 k ; A It 27,430 eal./g.-atnr,
Free Emwrgy Equations: 2

Reactions Rangc cof Validity, OK
1) Zn (C) + '/2 02 (g) =-- ZnO (c) 298.16-692.7

A E -- 84.670- 6.40 (T log T) 4.84 (1 -1 "T2) -1 .99 (10T1) 1- 43,25T'
2) Zn (I) + ½/2 02 (g) r=-ZnO (c) 692.7-1180

A F. =- -85,320- 1.,45 (T logT) --.36 (10 3T 2 ) 1.99 (104T-') -+ 31.25T
3) Zn (g) + 1// 02 (g) . ZnO (c) 1180-2000

a Fq.• -~- 115,940 -7.28 ( T log'T) -. 36 (10-3T 2 ) -+- .99-n (10g>1) + 74.94T
Entropy, caL,/deg./mole at 2981+': 9

See Tables b, c
Melting Point: > 20730K (> 18000C) I

zincite, 2243 0 K (19751C) 63
Heat of Fusion, g./cal./mole: 4470 7
Boiling Point: decomposes 24

zincite, decomposes 63
22230 K (19500C)

Transition Point:
Sublimation Temperature: 2073 0 K 11800 0 C) 50V15
Heat of Sublimation, Kcal./mole: ill-112.5 44S32 sup

b. HEAT CONTENT AND ENTROPY OF ZnO (c) 4
(Basc, crystnls at 298.151K)

T, 0K H!' - H298.15  ST - S2ti. 1 T, TK HT - H1298.. " ST - S29.15d./mole cal./deg. cal./mole cal./deg.
mole mole

400 . . 1070 3.08 1300 ..... 12,120 17.29
500 2190 5.58 1400 13,450 18.28
600 3350 7.69 1500 14,800 19.21
700 ..... 4530 9.51 1600 ..... 16,160 20.09
800 5740 11.13 1700 17,530 20.92
900 6970 12.57 1800 ..... 18,910 21.71

1000 .... 8220 13.89 1900 . . . . 20,300 22.46
l1190 .... 9500 15.11 2000 ..... 21,700 23.18
1200 lu,800 16.24

ZnO (c):
Enthalpy: HT-- H_2.0j =- 11.71T + 0.61 X 10-8T2 + 2.18 X 10T-1 - 4277

(0.4 percent; 292-20000 K)
Heat Capacity: Cp= 11.71 1.22 X 106 T-2.18 X 105T-2
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zilte 4* Ki&.. ZW'40 page 3,

. IVAT CONTENTI AND ENTR)OI'Y ()" ZO) (g)
(13ase, ideal Lgus, at 298.15- K)

caL/mole cal./deg. cal./mole ca1./deg.
mole inole

400 .... 795 2.28 1000 __I 5875 9.99
500 .... 1605 4.10 1200 .7630 11.5.)
600 .2.... . 435 5.61 1400 .' ... 9390 12.95
700 4 .. 3285 6.92 1600 i 1,160 14.13800 .. . .. 41,10 8.06 1800 .. . .. 12,930 _1517,1_
900 5(N05 9.0X 2000 14,710 16.11

ZnO (g):
Fnthalpy: HT, -i-H.9 1  8.40T + 0.17 X 10 'T 2 + 0.82 W 1 -'_'2795

(0.3 percent; 298-20000K)

Heat Capacity: CQ= 8.40 - 0.34 X 10 T 2 -0.82 y 105T 2

Heat Capacity, cal./deg./molc at 2980K: (solid) 9.62 9
44S32 sup

Temp, OK 20 30 50 100 150 200 300 500 700 900
C, 0.17 0.60 1.98 4.24 6.22 7.20 9.66 11.2 11.8 12.3

Also see equations above
Decomposition Temperature, 01K: 2250 -+- 25 8
Heat of Decomposition [to Zn (g) and 0 (g) ]

"Kcal./mole: < 9", 44S32 sup
-~eoe,_pe o Pr.duc. t: Z,, --- 0i673-i74ts-n) Add •'f. 3
Vapor Pressure'

Approx. Press. mm. 0.1 1.2 3.5 12 760 Addnl. Ref. 1
Temp. °C 1000 1400 1450 1500 1700

For Dissociation Pressure vs. Temp. see Ref, 54V4 and 44V32 sup
X-Ray Crystallographic Data:

System Space Group a c Molecudes/Unit Cell 1
hexagonal C4, 3.24265 5.1948 2

Hygroscopicity: Absorbs H2 0 and CO 2 from air. The rate of absorption is 44S32 sup
greater the finer the oxide and increases with rising temp.

Solubility Data: In water: .00016 g./100 ml. at 29°C
In mineral acids, dilute acetic acid, NH 4OH: soirble 1

Health Hazard: Slight to moderately toxic, Zinc oxide is relatively inert, and 93
virtually harmless except when freshly formed. It is an eye irritant, how-
ever, and should not be allowed to come into contact with the eyes. Fresh 25
fumes of zinc oxide can cause "brassfounders ague" or "brass chiils," etc. 29
(See Zinc.)
M.A.C. mg./m.3 of air for an 8 hr. working day: 15 14
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Zin" .,de. lZI4 ( iaoge i

S.1 fei) 'Aassifis A m;
0SM : o listed
I CC ý not Nist,,ed

Fire 'Ind Exploso'), Hazard none Iisted
1'4,cL•ut'qo1n' WA~heu lfawilli~lg!

Ila.!Ije ca,-erully to avoid ,:xcessive "dohsting. keel) work area clean, and
wvash hands frequ-n,. 1,-
Mtore in sealed )or mca•i ýn, away fron- acids.
If it er•ers the eye, thorough washing of the eye in a bubble type fountain
or inverted faucet will remove the irritating particles. Take the victim to a
pysaa hiiratmediately for examination and further treatment.

Electrostatic Sensitivity;
Use ir Pyrotenhnics: '., product cf the burning or oxidatien -17 zinc. Used in

screen:ng smoke compositions.

Additional References :
"8 "Z ''e .x R,,.co'.' N. E., Brown, New ,;crsky Zinc Company.N-.' York

1) P-7. 64
3 1 "The Stau-i'y of G.,seLous • i)iatomic Oxides." Brewer and Mastic, J.

Chem. Phys., 19, 834 (1951)
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ZINC STEARATE Refs.

Formula: Zn (C1gH3aOn) 2
Specification No.:
Molecular Weight: 632.30
Crystalline Form: Light powder, talc-like to touch, usually marketed as a fine 16, Addnl.

powder about 300-325 mesh. Ref. 1
Color: white
Density:
Coefficient of Thermal Expansion:
Heat of Fr. mation:
Free Energy of Formation:
Entropy"
Melting Point: 403-K (130"C) I

Melts to a clear water-white liquid and cools to a translucent glassy mass Addui. Rc. 1of crystalline appearance and which is easily powdered.
Heat of Fusion:
Boiling Point:
Trjvii.ition Poirt:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Tempcrature:
Decomposition Products:
Vapor Pres.ivre:
X-Ray Crystallographic DaL a:
Hygroscopicity: ncnhygroscopic 29

(repels watir~)Solubility Data:
In water, alcohol, ether: insoluble
In benzene: soluble

TCrmp. OC CH8 OH Toluol 'Addnl. Rt f,
-25 0.04* 0.04*
50 0.06 0.2775 1.88 1.98

100 6.56 4.97
*g. of stearate/100 g. solvent.
For additional solubility data see Addnl. Ref. 3

Health Hazard: low 12,29
Inhalation oi the powder can lead to pulmonary inflammation.

Safety Classifications:
OSM: not listed
ICC: not listed
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Fir'4 And Flfl5"iflT T:VrI'd
A•illigmImIi( T emp''ll ., -F:I' •'",)( I •, %

Flash Point (open cup) , "F': 5140
Electrostatic Sensitivity:
Use in Pyrotechnics: as a retardant, fuel, 17

and binder

Additional 1eferences:
1) "Metallic Soaps-Their Uses, Preparation and Properties," W, F. Whit-

more and M. Lauro, Ind. Eng. Chem., 22, 646 (1930)
2) "Aero Metallic Stearates," (pamphiet) American Cyanamid Co. (1960)
3) "The Solubility of Zinc Soaps in Organic Solvents," E. P. Martin and

R.C. Pink, J. Chem. Soc. 1750 (1948)
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ZIRCONIUM, Zr S.

Specification No.: PAPD-464
Specification PAPD-464 covers two classes which differ in purity. A type
of zirconium powder has been developed which is made by a new procc.s,
and has three granulations A, B, and C. This new type is covered by new
specification FA-PD-MJ-2364. Gra.nulations A and B of this type are
packed, shipped, and handled dry. Granulation C 1-f this type is packed.
shipped, and stored under water.

Molecular Weight: 91.22
Crystalline Form: mubic 1
Color: The bulk metal is silvery white to grey. Dry colloidal Zr and finely pul- 1, 28, 29

verized Zr are black and resemble carbon in arpearance. Coarser granula-
tions arc set eel-grey in color and look like crushed cast iron.

Density, g./ml.: (solid) 6.49 39
Coefficient of Th2rmal Expansion, linear: 28. 39, 50Vi5

hexagonal, a form (298-11430K) -linear
along a axis. 5.5 X 10-6
along c axis: 10.8 X 10-1

cubic, p (1143-1600 0K): 9.7 X 10-4

Range OC Coeff. (linear) 27
-183 to 0 4.G--5.1 X 104

0-20 4.6-5.9 X 10-e
20-200 5.4 X 10-6
20-400 6.1 X 10-
20-700 7.1 X 10-

Heat of Fornation, Kcal./mole at 298°K: (gas) 125 1
Free Fnergy of Formation, Kcal./mole at 298°K: (gas) 115 9
Ent-.)py, cal./deg./gm. at 2980K: (c) 9.29

(gas) 43.31 5
Se- Tables a and b

Melting Point: 2125o0 (18320C) 5
Heat of Fusion, cal./mole: 4000 5
Boiling Point: 4650 0K (4377 0C) 5

Ref. A9 gives 35770 C (3850 0K). Other iefs. vary appreciably.
Heat of Vaporization, cý '"mole: 139,000 5
Transition Point, OK: 1135 5. Addnl.

Ref. 2
Heat of Transition, cal./mole: 920 2
Heat of Sublimation, cal./mole: 146,000 5
Heat Content or Enthalpy, cal./mole at 298oK: (solid) 1313 5

See equations below

331

Downloaded from http://www.everyspec.com



ZireonivAm, Zr (page 2)

a. HEAT CONTENT AND ENTROPY OF Zr (c, 1) 4
(Base, crystals at 298.151K)

T, -K HT - H10,W , ST - -ITT 1 1 9,29 .15  ST S,2 8.15
cal./moie cal./deg, cal./mole cal./deg.

mole mole
400..... ..... 650 1.87 1600 ....... 10,680 12.98
500 ....... 33 3.39 1700 ...... 11,470 13.46
600 .... 2030 4.66 1800 12,260 13.91
700 ..... 2740 5.76 1900 ..... 13,050 14.33
800 3460 6.72 2000 ..... 13,840 14.74
900. . ..... 4200 7.59 2100 ...... 14,630 15.12

1000 ...... 4980 8.41 2130 (c) . . . 14,870 15.24
1100 ...... 5800 9.20 2130 (1) . . 19,770 17.54
1135 (W) . . 6090 9.46 2200 ..... ... 20,330 17.80
"1135 (fi) . . . 7005 10.26 2400 ..... ... 21,930 18.49
1200 ..... ... 7520 10.70 2600 ..... ... 23,530 19.13
1300 . . . . 8310 11.33 2800 . . . . 25,130 19.72
1400 ..... 9100 11.92 3000 ..... .... 26,730 20.28
1500 9990 12.47

Zr (a)
Enthalpy: H, - H 2 9.15 == 6.50T + 0.71 X 10-3T2 -d- 0.82 X 105T-1 - 2276

(0.7 percent; 298-1135 0 K)
Heat Capacity: Cp = 6.50 + 1.42 X 10-8T- 0.82 X 105T-2

Zr (#) :
Enthalpy: Ht - H2 18 . 11 = 7.90T - 1960 (0.1 percent; 1135-2130 0 K)

A Hfso (fusion) == 4900
Zr (1)

Enthalpy: HT- 1128.1 - S.O0T + 2730 (0.1 percent; 2130-3000 0 K)

b. HEAT CONTEN t AND ENTROPY OF Zr (g) 4
(Base, ideal gas at 298.15 0 K ) -- H2 .5 S 981

T, oK H. - H., I., ST- S T, oK H- H 2 98. 1 5  ST - S928. 1 5
cal./mole cal../deg, cal./mole cal./deg.

mole mole
400 ..... ... 665 1.92 1900 ..... ... 10,325 11.92
50() .. 1325 3.39 2000 ..... 11,025 12.28
600 1980 4.58 2200 ..... ... 12,A50 12.96
7t0 ....... .... 2620 6.57 2400 ..... ... 13,905 13.59
10 S . 245 6.40 2600 ...... 15,390 14.18
900 ..... ... 3870 7.13 2800 ...... 16,900 14.74

1000 ..... 4,475 7.78 3000 ..... 18,435 15.27
1100 ..... 5085 8.36 3500 . . . 22,41C 16.50
12G0 ..... 5705 8&90 4000 ..... 26,575 17.61
11300 ..... 6335 9.40 4500 ..... 30,925 18.63
1400 ..... 6970 9.87 500t ...... 35,430 19.58
1500 ..... 7620 10.32 6000 ..... 44,750 21.28
1600 ..... 8280 10.75 7000 ..... 54,235 22.74
1700 8950 11.15 8000 63,645 24.00

sW00 -- 9-3- 11.5,1
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Zirconium, Zr (page 3)

Zr (g)
Enthalpy: H, - H12 8.15 = 7.01T - 0..,k5 X 10-8T2 + 0.38 X 10•T-' - 2186

(0.7 percent; 298- 1400 0 K)
Heat Capacity: C, -- 7.01 - 0.70 X 10-3T - 0.38 X 105T-2
Enthalpy: HT - H20.15 = 5.59T ± 0.36 X 10-8T 2 - 0.50 X 10•T-1 - 1531

(0.3 percent; 1400-60000 K)
Heat Capacity: C, z- 5.59 + 0.72 X 10-3T ± 0.50 X 105T-2

Heat Capacity, cal./deg./mole at 2980 K: (liquid) 8.00 4, 5
(a form) 6.01
(p form) 7.90

c. HEAT CAPACITY OF Zr

(Solid I, 298-11430 K; Solid II, 1143-2125°K;
Liquid, 2125-30000 K)

T, -K CO (cal./deg./mole)
298 6.01
400 6.36
600 6.88
800 7.34

1000 7.79
1100 8.01
1200 6.79
1600 7.43
2000 8.07
2100 8.23
2200
to
3000 8.00

See also equations above
0 !omposition Temperature:

-,position Products:
Vapor Pressure: For 1949-2054 0K the following equation holds: 39

log P (atm.) 3=-31,066/T + 7.3351 -2415 X 10-4 (where T -absolute temp.)
Press. in. 10- 10-8 10-2 1
Temp. ON 2450 2700 3000 3850

X-Ray Cryatallographic Dati:

Systen Space (G vp a c Molecules/Unit Cell
hexagonal D4h 3.223 5.123 2
cubic O0 3.61 28

Hygroscopicity:
Solubility Data: Insoluble in water. Soluble in HF, aqua regia, hot phosphoric

acid. Slightly soluble in acids.

I ' -
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Zirconium, Zr (page 4)

Safety Classifications:
OSM: (dust) class 1
ICC: flammable solid;

yellow label
Fire and Explosion Hazard: Dry Zr plwd'lr --r sponge is a pyrophoric solid 12, 14, 15.

liable to spontaneous combustion and bnris in air with intense heat. It 26,28
may explode particularly in the presence if water due to evolution of
hydrogen. The explosive range of dust clouds of Zr powder in air is about
45 to 300 mg./l. The range of fire and explosion is increased by heat and
the presence of oxidizers.
Caution: Do not use water to fight fire. Use special mixtures of dry chem- 49, 51, 75
ical salt, dry sand, or powdered talc. Use only nonmparking tools for repair
or maintenance in storage areas.

Health Hazard Zirconium powder is believed to be nontoxic. Zirconium and its 93
alloys explode when treated with nitric acid.
M.A.C., mg./m.s: 5 12

Precautions When Handling:
Zirconium powder (PAPD) is shipped and stored wet. In no case should it 28
be shipped ,,nd stored in anything larger than a one-gallon can, nor should
the moisture content be reduced to less than 25 percent by volume. Powder
containing 5-15% water is extremely dangerous. When once ignited, it
burns even more violently than the dry powder. All operations with the
powdered metal must be performed in an inert atmosphere, and persons
working with it require protective ciothing including gloves and face pro-
tection. Waste zirconium powder, rags, and other materil-!d that have come
in contact with it must be segreLmusd from other wastes, immersd i;M
water, and disposed of at once. At ordinary temperature Zr is not very reac-
tive as a thin protective coating of oxide on the surface is formed,
Zr readily combines with oxygen and the rate is appreciable at 2000C. The
enerqy of activation of the reaction has been determined as 18.2 Kcal./rnole
and the entropy of activation as -25.6 cal./mole.
Zr combines not only with oxygen, Lut also with nitrogen, carbon, and 16
silicon.
At high temperatures Zr barns with a brilliant white jight. When the hot 39
metal is treated with steam at 700-800°C, free hydrogen is evolved.

Autoignition Temperature: 55000F 75
See FA-PD.M 1-2364 for handling the new type of Zr.

Electrostatic Sensitivity (minimum energy required for ignitiion of powder by 26
electric sparks, millijoules): (dust cloud) 5

(dust layer) 0.001
Use in Pyrotechnics: As a fuel, and a component of nongaseous fuze powders. 17
Additional References:

1) "The Explosive Characteristics of Titanium, Zirconium, Thorium,
Uranium, and Their Hydrides," 1. Hartmann et a'., Bureau of Mines,
R14&35 (Dec. 1951)

2) "Metallurgy of Zirconium," B. Lustmnan and F. Kerze, Jr., McGraw-Hill
Book Company, New York (1955) for data on the various physicalproperties of Zr.
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ZIRCONIUM HYDRIDE, ZrIIl (not a definite chemical) Refs.

Zirconium readily absorba hydrogen even at room tempexrtture, forming 28, 89, Addnl.
brittle, metallic-like materials whose compositions vary with the amount of Pef. I
hydrogen absorbed and approach ZrH 2as the limiting maximum hydrogen con-
tent. The absorption is reversible and at constant pressure decreases with
increasing temperature. The optimum temperature for absorption of H by Zr
is given as 3000C. However, the data of Addnl, Ref. 4 show a higher nbserption
at 200 and 1500C, i.e., 24,000 cc. at S.T.P. per 100 g. of metail and 23,700 cc. at
3000°C. The absorption of H by Zr is exothermic and results in a large increase
in volume, approximately 15%. Tl.e absorbed H2 is completely liberated at about
8000C. Absorption depends to some extent on the surface condition of the Zr.

Zirconium hydrides have been prepared by
1) Heating the prepared metal with H2.
2; Forming the matil in the presence of H2.
3) Trepting Zr0 2 with CaF 2 at 500-10300 in an atmosphere of H2.

Although Zr and H2 do not form definite compounds, five well-defined
crystal phases of the two are recognized. These have been designated a, /3, etc.
The 6 phase is a face-centered tetragonal phase which includns the range from
ZrH 1.67 to close to ZrH2, and corresponds to about 66.7 atom 9 of H2.
Specificrtion No.: MIL-Z-2J 353
Molecular Weight: 98.24
Crystalline Form: powder 1
Color: dark grey to black 1,29
Density, g.lml.: (solid) 5.6 12

5.74 50V15
Coefficient of Thermal Expansion:
Heat of Formation for ZrH 1.,, Kcal./mole: 38.9 5OV15
Free Energy of Formation:
Entr')py:
Melting Point:
Heat of Fusion:
Boiling Point:
Transition Point:
Heat of Sublimatiomi:
Heat Content or Enthalp,:
Heat Capacity:
Decomposition Temperature: apparent above 1000C 28
Decomposition Pix-ducta: hydrogen driven off
Vapor Pressure:
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Zireiniunm Hydride, ZrHj (page 2)

X-Ray Crystallographic Data (for a hydrogen content approaching ZrH 2):
Molecules/

System Spmwe Grouv a c Unit Cell
tetragonal 4.364 4.440 28
tetragonal (6 phase) 3.513 4.450 4 Addnl. Ref. 3

44S42
Hygroscopicity:
Solubility Data:
Health Hazard:
Safety Clasbifications:

OSM: not listed
ICC : not liated

Fire and Explosion Hazard: Dangerous, due to evolution of hydrogen. At higher 12, 39
temperatures ZrH2 reacts with oxygen and with oxygen containing com-
pounds. It may ignite and explode with water.
See also Ref. 44V42

Electrostatic Sensitivity (minimum energy required for ignition of powder by
electric sparks, millijoules) . (dust cloud) 60

(dust layer) .064 26
Activation Energy, at 1 atm., cal./mole: 17,200 ± 200 17
Use in Pyrotechnics: in igniting flares and as

a fuel
Minimum Explosive Concentration of Zirconium Hydride Powder, mg./1.: 26

See Also Addnl. Ref. 1 85

Autoignition Temperature, 300-600OC: (dust cloud) 350 28,26
(dust layer) 270

Additional References:
1) T. B. Douglas a&id A. C. Victor, J. Research N.B.S. 61, 13 (195U,
2) "The Explosive Characteristics of Titanium, Zirconium, Thorium,

Uranium and Their Hydrides," I. Hartmann et &l1., Bureau of Mines,
RI 4885 (1951)

8) "The Crystal Structures of ThH, and ZrH2", R. Rundle et al., Z. Phys.
Chem. i1E, 488 (1981)

4) Hall et al., Tran. Far. Soc. 41, 306 (1945) cited in Ref. 40
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ZIR"CONIUM-NICKEL ALLOY (Powdered) Re/s.

Formula: (Spec.) Zr/N: 70/30
and 30/70

Specification No.: MIL-Z-11410A
The specification covers two -types. Type I ie a 70/30 and Type II a 30/70Zr/Ni alloy.

Molecu!ar Weight :Crystalline Form: cubic

Color: silver white to grey
Density, g./ml.: (solid) 6.4
Coefficient of Thermal Expansion:
Heat of Formation:
Free Energy of Formation: --
Entropy:
Melting Point:
Heat of Fusion:
Boiling Point:
Transition Point:
Heat of Sublimation:
Heat Content or Enthalpy:
Heat Capacity:
Decomposition Temperature:
Decomposition Products:
Vapor Pressure:
X-Ray Crystallographic Data:
Hygroscopicity:
Solubility Data: resistant to acids and 39

alkalies
Health Hazard:
Safety Classifications:

OSM: (dust) class 2
ICC: not listed

Fire and Explosion Hazard: The specification requires that the alloy be packed
in heat sealed inert plastic liners, such as polyethylene, in new clean metal
containers.

Electrostatic Sensitivity
Use in Pyrotechnic&: as a fuel ; a

vigorous deoxidizer

Additional References:
1) For the Zr.Ni system up to 40f/ Ni see E. T, Hayes et al., "The Zir-

conium-nickel diagram," Trans. Amer. Soc. Metals, 41., 898 (1953)

837j t S. OO3VUi M#qPltM1US p QlJe OVlrl Ml ,~ ll)l - 1)4-151•

* -. i

Downloaded from http://www.everyspec.com


