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1. INTRODUCTION

1. SCOPE

1.1 This standard deseribes the general
methods for determining particle size, par-
ficle size distribution, and packed density of
powdered materials for conformance with
the material requirements of applicable
specifications. In the event of conflict be-
tween these methods and those in the applic-
able specification, the latter shall have
precedence. '

2. REFERENCED DOCUMENTS

2.1 The following specification and draw-
ings of the latest issue in effect shall form a
part of this standard:

SPECIFICATION
FEDERAL

RR-8-866 — Sieves, Standard for Test~
ing Purposes.

DRAWINGS
ORDNANCE CORPR .
P-72363 — Apparatus, Particle Size.

P-72534 — Density Packing Machine
for Pyrotechnie,
Ingredients, Assembly.

{Copies of specifications and drawings required
by contractors in comnection with specific procure-
ment functions should be obtained from the procur-
ing activity or as directed by the contracting of-
ficer.)
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2. SAMPLING AND INSPECTION

1. SCOPE

1.1 This section specifies the procedures

for sampling powdered materiala.

2. SAMPLING

2.1 Select the required test samples from
each lot of the powdered material after the
powdered material has been packed and
sealed for shipment. Sampling procedures
shall be in acordance with the applicable

specification,

(Cention: Exercise extreme cleanliness in
handling samples. Avoid touching the
powdered material with damp or soiled
hands)

. 2.2 Select only samples that are repre-
sentative of the lot of the powdered material,

Special care shall be taken to see that con-

tainers being sampled have not been anb-

jected to segregation
3. PACKING AND MAREING

3.1 Packing. Transfer se_umples to approved

airtight rubber-stoppered glass bottles and
geal the containers immediately, Keep the
containers sealed and stored in a safe loca-

tion at room temperature until ready for

" testing,

3.2 Marking. Label each powdered material
container with the following information:

(a) Powdered materlal designation.
{(b) Lot number,
(c) Pounds in the lot.

{4y Manofactore v’a name and nlant

\uy A I LELEW U WAL Sy AR weaR B e

demgnation.
{e) Contract number.
(f) Date sample was taken,
4. INSPECTION

4.1 Before testing the powdered material,

'inspect the sample container to see that it is

not broken, unstoppered, or otherwise dam-
aged. Also 0 check that it hag been labeled cor-
rectly. Discard the contents of damaged or
improperly Iabeled containers and report the
condition to ilie Government Inspector (or
other proper official) at the plant.
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3. TESTING

1. SCOPE - ' 2, NUMBERING SYSTEM ,

1.1 This section contains the methods of

hysi ts for powdered material, .
physical tes P ranged in four groups according to category

1.2 Each test is considered as a separate  test. These groups are identified numerically

method, and is assigned an indiviGual method by hundreds.
number, ‘

2.1 Test method g‘roups.'Meihbda are ar-

[}
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DETERMINATION OF AVERAGE PARTICLE SZZE
2 to 100 MICRONS (¥FISHER SUB. SIEVE SIZER)

1. SCOPE

1,1 This method establishes a procedure
for the determination of the average particle
size of powdered materials,

1.2 Classification. Determination shall be
made by use of the Fisher sub-sieve sizer:

. Average particle diameter (2 to 36
Microns) (see 4.4.1).

Average particle diameter (35 to 100
Microns) (see 4.4.2).

Z. DEFINITION

The average particle size of powdered in-

gredients, as determined by the air perme-

ability method, is an average surface weighted
diameter and, i3 a measure of the surface
area per unit weight of powder. Any devia-
tion of the particles from sphericity would
increage the surface per unit weight of ma-
terial, Thus, the addition of 1rregular par-

P PRy

ticles {o a sample of peffectly spherical par-

ticles would increase the average surface of -

the sample and consequently decrease the
average particle diameter.

3., GENERAL STATEME
QUIREMENTS

ENTS OR RE-

3.1 Principles of the test. The measure-
ment of particle size by means of the Fisher
sub-sieve sizer is based on the fact that gas
flowing through a bed of fine-grained powder
will be impeded by the external surface of
the particles of the powder. The rate of flow
of gas through the bed of partlcles iz de-
pendem upon the quaniily of powder per
unit area of bed, the degree of compaction
of powder, and the surface area of the
powdered material. The resistance offered

ki

by a sample of powdered material to a flow

‘of air defines the average surface weighted

diameter, The Gooden and Smith equation is
8 rapid method for calculating the aveiage
pariicie size of powdered material (see
4.4.2.3). The paraticle size obfalned is not :

an absolute value. It is useful, however, for :
comparisons of average particle sizes based

on surface area measurements. The validity P
. L W

o1 the particle size comparisons based on the

Gooden and Smith equation partly on the '

theoretical assumptions of the equation.
3.2 Criteria for passing test.

The sample shall comply with the criteria
for acceptability as specified In the specifica-
tion(s) for the item.

4. DETAILED STATEMENTS OR RE-
QUIREMENTS

4.1 Equlpment. _
4.1.1 The Fisher sub-sieve sizer (seefig.2).

- 4.1.2 Supplementary chart (see fig. 8). A
supplementary chart shall be added to the
Fisher Sub Sieve Sizer in order to extend
its use, This chart, based on the Gooden and
Smith equation shall be used for materials
having a porosity less than 040, It is a
graphical representation of the equation
when P, K, N, and A (see 4.42.8) are
considered constant, The chart also serves .
&3 a centimeter seale for pressure readings
in the calibration of the apparatus by the
Fisher sub-sieve calibrator method, and in
the determination of average particle diame-
fers between 35 to 100 microns. The value of
“P” is taken to be equal to the height of
water in the standpipe. The loss of air
through the double range flowmeter is
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greater than through the single range flow-
meter. Conzequently, the value of “P” for
the double range scale is less than that of
“P" for the single range scale.

4.1.3 Nomogram (see fig. 4). A nomgram
based on the Gooden and Smith equation,
shall be added to the Fisher Sub Sieve Sizer
in order to extend its use to 35 to 100
microns.

4.1.4 Egquipment for calibration and con-
stant:

(a) Wet test meter (see 5.1).
{b) Automatic timer,
(¢) Supplementary chart.

(d) Calibrator (Fisher sub-sieve eali-
brator or equivalent).

4.2 Maintenance of the instrument and
general precautions, Before the Fisher Sub
Sieve Sizer shall be used for making any
measurementy, the following settings shall
be checked:

(a) With the sample tube removed from
the instrument, the level of the
water in the pressure regulator
standpipe shall be checked daily.
The water level shall correspond
exactly with the etched calibra-
tion mark on the standpipe. If
necessary, water shall be removed
or added to the standpipe through
the glass intake arm exfending
through the top of the instrument
cabinet.

(b) The indicating type drying agent
" shall be checked once every week
or month, depending upon how
often the instrument shall be
used. If the agent is blue in color,
it shall be satisfactory. When the
color turns pink, the agent shall
be replaced with fresh stock,

(¢) The sample packing assembly shall
be checked about once every

" month or whenever there is

reason to suspect that the brass

" post beneath the rack and pinien

has shifted in position. This ad-
justment shail be made by insert-
ing both porous plugs and paper
disks into the sample tube, The
sample tube shall then be placed
on the brass post with the lower
plug in contact with the upper
end of the post. With the rack
on the front panel turned down,
the two plugs shall be in contact
when the crossbar attached to
the upper end of the rack shall
colneide exactly with the bage-
line on the calculator chart, If
the plugs are not in confact or
the pointer does not coincide with
the bageline, adiustment shall be
necessary. Adjustment of the
packing assembly shall be made
by loogening the setscrew holding
the lower brass post in its mount.
The height of the post shall then
be such that the crossbar pointer
coincides exactly with the base-
line of the caleulator chart when
the porous plugs are held firmly
belzreen the brass post and fat
lower end of the rack.

(d) The level of the water in the mano~

meter shall be checked every time
a new series of particle size de- -
terminations is made. The initial
levet of the water menisens in the
manometer tube shall coincide
exactly with the upper edge of
the curved portion of the metal
croasbar when the tip of the
pointer cofncides exactly with the
baseline of the caleulator chart.
If necessary, adjustment of the
manometer level shall be made by
turning the manometer control
knob, It is important to note, that
the sample tube shall be removed
from the instrument when either
checking or adjusting the level of
the water in the manometer tube.
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(e} Any measurement of water level
in manometer which iz made
with the air pump operating shall
be made with sirflow at a con-
stant head. The flow of air ghall
be controlled by adjusting the
control knob so that the bubbles
rise In the standpipe at the rate
of two or three per second.

{(f) All measurements taken of the
liquid level in the manometer on
the front of the instrument shall
be made with the upper edge of
the curved portion of the cross-
bar set at the menfscus of the

liguid, Readings on the manufac-

turer’s chart or supplementary
chart shall then be made.with
reference to ‘the -extreme tip of
the pointer on the crossbar.
Parallax shall be avaided when
making these settings and read-
ings,

4,3 Standardization.

4.3.1 Pisher sub-sieve calibrator (see 5.2)
(see fig. 17). The calibrator is a synthetie
ruby jewel with a precise orifice, mounted in
a fube gimilar to a sample tube. It is 2
secondary standard which has heen checked
on a standard sub-sieve sizer (one that hag
previously been set to the National Bureau
of Standards cement sample as the primary
standard). The readings obtained are then
engraved on the calibrator for a given poros-

ity.

Proceduyre. The ealibrator shall be used in
the Fisher sub-sieve sizer in exactly the
same manner as the nermal sample tube with
the sample all ready in place and packed.
The calculator ehart shall be set to indicate
a porosity of 0.756 and the level of the Liquid
meniscus in the manometer shall be checked
as described in section 4.2, The reading
marked high shall be obfained with the range
control set to the 0.2 to 20.0 micron range.
The reading marked low shall be obtained
with the range contro! aset to the 20 to 50

MIL-5TD-1233
21 March 1962

micron range. In the event the readings ob-
tained with the calibrator do not agree
within 0.06 micron of the values stamped on
the ealibrator, the apparatus shall be stand-
ardized, The equivalent manometric- deflec-
tions shall be obtained by adjusting the fine
resistance wires in the capillary flowmeters
of the Fisher sub-sieve sizer (see sec. 4.3.2).

4.3.2 Procedure for adjustment of wires.
To adjust the wires, the small screw in the
cap of the fliowmeter shall be loosened and
the wires, held by tweezers, shall be length-
ened or shortened by exerting a firm buf
gentle pressure up or down, If the mano-
metric deflection is to be. raized, the wire
shall be pressed upward into the capillary
tube; if the deflection is to he lowered, the
wire shall be pulled down, The screws ghall
be tightened and new readings shall be faken .
after the water has reached its maximum
height. This procedure shall be repeated
until the values obtained for P on the instru-
ment correspond to the values on the cali-

" brator. . .

4.4 Test procedures. Determination of par-
ticle size by means of the Fisher sub-sieve .
gizer shall be divided into two procedures

.according to the size of the average particle

diameter (see 1.2). Before the Fisher sub-
sieve gizer shall be used for making any de-
terminations, the instrument seitings and
precautions noted in 4.2 shall be checked
and the instrument shall have been recently
checked with the ealibrator.

- 44,1 Average particle diameter between
2 and 85 microns. The sample tube (see fig.
1) shall be placed in a vertical position in a
rubber support stand. A paper disk shall be
placed over the end of the sample tube. The
porous plug shall then be placed on the filter
paper with the perforated surface of the plug
against the surface of the paper disk. The
plug shall be pushed into the tube for about
14 inch, forcing the paper to crimp around
the edges and precede the plug into the
sample tube. The sample tube shall be in- .
verted in the rubber support stand so that the .
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paper side of the plug is up, A sample of

dry powder shall be weighed to + 0.01 gm.

The weight of the sample shall be always
equal in grams to the true density of the
sample when either of the calculator charts
is used. For example, 1.74 + 0.01 gm of
magnesium (density equal to 1.74) would be
the weight of a powdered magnesium sample.
With the aid of a funnel, the sample shall
be transferred completely into the tube.
A gecond paper disk and porous plug shall
be placeq into the sample tube as previously
described. The sample, which is now con-
tained between the filter papers and piugs,
shall be pressed manually as tightly as pos-
sible with the aid of the plug manipulator
or a metal or plastic rod, The sample,
pressed as tightly as possible in this way is
said to be at “minimum porosity.” The sam-
ple tube shall be placed on the brass post
with the lower plug in contact with the
brass post. The pinion knob shall then be
turned as far as it will go. The calculator
chart shall be shifted laterally until the tip
of the pointer coincides with the sample
height curve on the chart. If the sample
being tested has a porosity less than 0.40, the
supplementary chart shall be used, This
chart shall be attached to the back of the
Fisher caleulator chart. The supplementary
chart shall be adjusted by aligning the base-
line of the chart with the tip of the pointer.
This adjustment shall be made while both
plugs and both paper disks are in place in
the empty sample tube, When using the sup-
plementary chart, the height of the sample
sheil be read directly in cm on the ordinate
scale. The chart shail be moved laterally
until the tip of the pointer corresponds to
the sample height line on the chart, The
chart is constructed so that at this point
the abscissa reading shall be equal to the
ordinate reading. Once the height of the
sample iz determined, the ealculator chart
shall not be moved throughout the remainder
of the determination, The sample tube shall
then be mounted between the rubber-cush-
joned supports to the right of the brass post.
The upper cap shall be screwed onto the
sample tube until an airtight seal is obtained

af both ends, Air at constant head shall then
be passed through the sample compacied to
a minimum porosity. The flow of air shall be
started by throwing the electrical! switeh
which starts the air pump. The flow of air
shall be adjusted by turning the pressure
control kmob until bubbles rise in the stand-
pipe at the rate of two or three per second.
The liquid level in the manometer shall be
allowed to rise to its maximum height, For
fine powders the rise of liquid is slow; for
coarse powders the rise is rapid. With the
Iiquid level at a maximum height, the rack
shall be turned@ until the upper edge of the
crossbar coineides with the liguid meniscus
in the manometer. The particle size shall be
indicated directly by the location of the tip
of the pointer with relation to the calculator -
charts. The charts shall be interpolated if
the precision of the particular operation war-
rants it. If the average particle diameter
falis in-the range of 0.2 to 17.0 microns, the
charts shall be read directly with the range
control indicator turned to the right (“LO”
position). If the particle size is in the range
of 17.0 to 35 microns, the range control in-
dicator shall be turned to the left (“HI”
position), and the chart reading multiplied
by two.

4.4.2 Average particle diameter between

306 and 100 microns.

4.4.2.1 Permeability consbant, Determina-
tion of the permeability constant of the
single range flowmeter. The Fisher sub-sieve
gizer shall be assembled as specified in 4.4.1.
The air-permeability constants of the flow-
meters ghall then be determined by measur-
ing the volume of air passing through the
flowmeter per unit time and pressure. The
wet fest meier shall be connected to the bot-
tom end of the capillary flowmeter tubes.
Care shall be taken not to damage the fine
wires extending from the capillaries or to
block the holes on the side of the flowmeter
{see fig. 15). The sample tube containing
both plugs and filter paper disks shall be
placed in the Fisher sub-sieve sizer. The
range control indicator, located in the upper
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right corner of the Fisher sub-sieve sizer,
ghall be turned to the right or “read directly”
position to permif calibration of the single
range flowmeter tube, Air shall be passed
through the flowmeter tube for apprexi-
mately 16 minutes to determine whether the
wet-test meter is functioning. The volume
reading indicated on the dial of the wet test
meter and the time of the reading as in-
dicated on the timer, V4. and T4, respec-
tively, shall be recorded. The height of the
water in the manometer on the front panel
of the instrument shall be read on the centi-
meter scale of the supplementary chart to
+ 0.05 em. To obtain this value, the meniscus
of the water in the manometer ghall be level
with the crossbar as the height of the tip of
the pointer is read. This reading shall be
approximately 24.5 cm for the single range

flowmeter, The manometer readmg shall be
mnlhrﬂmﬂ hv 2 to obiain the gir nrogaure P

SRS Y VLA UAG GHAL PFIUROWLTy A .

After approximately 1 hour the column
reading and the time of the second reading
{in minutes), V4 and T4, respectively, shall
be recorded. The permeability constant, K,
of the single range flowmeter shall be calen-
lated by means of the following equmation:

K = 1.268 X 102 { Y.—Vy
s NP
where:

K = permeability constant of the single
range flowmeter.

V== volume at first reading (cu. ft.).
Vg= volume at second reading (cu. ft.).
T,= time of first reading (minutes).
T.= time of second reading (minutes).
P = air pressure (cm)..

4.4.2,2 Determination of the permeability
constant for the double range flowmeter. To
determine the permeability constant for the
double range flowmeter, the range control
indicator shall be turned to the left or “read
double” scale. The procedure outline in

4421 shall be repeated. The permeability

MIL-STD-1233
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constants obtained for the gingle and double-

range flowmeter tubes should correspond to

the values obtained for a standard instru- -

ment, The standard permeability constants
are 3.86 cma 8/2 and 7.60 3/2 for the single
and double-range flowmeter tubes, respec-
tively.

44.2.3 Procedure, The average particle

size of materials having a diameter between
BH and 100} wmicrnne whan ﬂnl-nvmi’neﬂ with

WAL AUV ALIWA VLI FY AL UGWOL LAY ¥¥iwia

the Fisher sub-sieve sizer, shall be ealculated
by means of the Gooden and Smith equation
described below. The equation variables.shall
be determined with the aid of the supple-
mentary chart. To determine the equation
variables, the standard procedure deseribed -
in 4.4.1 shall inelude the following additions
and modifications:

(a) A sample of dry powder equal in
weight to three times the true
densfty, shall be weighed to i
0.01 gm, ‘

(b) The sample shall bs placed in the -
sample tube as deseribed in 44,1,
The height of the sample in centi-
meters, shall be read directly on .
the ordinate scale of the supple-
mentary chart. The chart shall

not be moved.

The height of the water in the manometer
in ceniimeters, shall also be read directly
from the ordinate scale of the supplementary
chart, following the procedure outlined in
44.1. The average particle diameter of the
sample shall then be calculated by substitut-
ing in the Gooden and Smith Equation.

KHN ] F
= (A= "N) 3/2 ¢« Y P—_F
where:
# = Average particle size, microns.

. A = Cross sectional area of the sample
tube, square centimeters. (1.27)

H = Height of sample, centimeters,
P'= Height of water column in mano-



Downloaded from http://www.everyspec.com

MIL-STD-1233
21 March 1962

meter tube, centimeters, when
sample tube contains two porous
plugs and two filer disks oaly.

F = Height of water column in mano-
mefer tube, centimeters, when
the sample tube containg plugs,
filter diskg, and sample.

K = Experimentally determined perme-
ability constant for flowmeter,
centimeters 8/2.

N = A factor which i3 equivalent to the
weight of the sample divided by
its true density.

A nomogram (see fig. 4), based on the
Gooden and Smith equation, has been con-
- gtructed to simplify the calculation of the
. average particle size of materials having a
- diameter greater than 80 - microns. This
nomogram can be used when the weight of
the sample, in grams, is equal to three times
_ the true density of the sample material. The

directions for using the nomogram are as
follows:

A straight edge shall be placed on the
sample pressure value, ¥, and the sample
height value, H, The point at which the
straight edge crosses the “u” scale is the
average particle diameter corresponding to
the experimental manometer deflection, F,
and to the sample height H. When the
double range flowmeter I3 used the value
read on the “u” scale shall be doubled to
obtain the average particle diameter on the
sample.

5. GENERAL INFORMATION

5.1 A precision Sargent wet-test meter has
been found to be satisfactory for test.

5.2 Calibrator, Catalogue No. 14-813-7 of
the Fisher Scientific Company, New York,
N. Y., has been found satisfactory. (see 4.3)
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DETERMINATION OF AVERAGE PARTICLE SIZE
- 100 TO 1000 MICRONS
(PICATINNY ARSENAL PARTICLE SIZER)

1. SCOPE

1.1 This method establishes a procedure
for the determination of the average particle
size of powdered materials which are in the
100 to 1000 microns range.

.2, SPECIMEN

2.1 The operator should select a Bamnle
size and porosity tube to give a manomefer
deflection between 15 and 35 centimeters
{cms), The sample size i3 a multiple of the
density, usually 10 times, weighted to plus

ar minng 0.10 eram {q’m)

Wa aiisaaeil Wiaw pmaseas

3. DEFINITION (see method 100)

4. GENERAL STATEMENTS OR RE-

QUIREMENTS

4.1 Principle of the test (see Drawing

P-72882). The Picatinpy Arsenal particle
gizer shall be used for determination of
powdered maferial in the sieve particle size
range of 100 to 1000 microns, It uses the
Gooden and Smith afr-permeability method
of measuring the specific surfaces of fine
powders, A sensitive variable flowmeter on
the Picatinny Arsenal particle sizer extends
its range beyond that of the Fisher sub-gieve
sizer. Air shall be passed into the apparatus
through a reducing valve at approximately
2 pounds pressure. The air inlet shall lead to
a drying bottle which shall be connected to
both a standpipe and » sample tobe, The
standpipe shall be filled with water and shall
* fix the pressure of the air at a point of in-
1roduction to the sample. The excess pressure
shall be released as bubbles escaping through

tne water, lhe air at this constant pressure
flows downward through the sample tube in
which the powder to be tested is contained.
A porous plug shall support the powder in
the tube, After leaving the sample tube, the
air shall be divided along two paths: through

- & porosity tube (fritted-glass diffusion tube),

and into a water filled manometer. Whén a
sample of powder shall be added o the sam-
ple tube, the difference in pressure as read
on the manometer, with and without the

.sample in the apparatus, shall indicate the

resistance of the sample to a constant air-
flow,

4.2 Criterla for passing lest. The sample
shall comply with the criteria for acceptabil--
ity as specified in the specaﬁcation (s) for
the item.

5. EQUIPMENT

5.1 Picalinny Arsenal particle sizer equip-
ment {see Drawing P-T72862), The Pieatinny

ERRRAAE Y O Lt A M A VS

Arsenal particle sizer. (see ﬁgs b and 6)

shall be composed of an air pressure regula-
tor, a sample tube (see fig. 7), porous wire
mesh plugs (100, 200, 235 mesh), a sample

haioht sangs faos G 23 frittad_olaca AP
u‘-ssuh Bauge 388 ug. o), 1NLeR-giass aliii=

_ sion tubes (coarse, medium, fine), a2 mano-

meter {gee fig. 9), a flowmeter (consisting of
the manometer and- the resistance formed
by the porosity tube), and other accessory’

i il iamammnes ba asmmalabs dlhana ramda

eduipinent necessary 10 COTTEIALE wiede Paris
mto a umt.

5.2 Nomagramé (gee fig. 10, to 14). Nomo-
grams shall be used with the Picatinny
Arsenal Particle Sizer. :
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5.3 The followmg accessory equipment
shall be necessary for determining the per- .
meability constant of fritted-giass d:ft‘usion_

tubes, o
{a) Wet-teat meter
{b) Automatic timer.

(c) Pritted-glass diffusion tubes {see
8.2). ‘

6. MAINTEN ANL“
PARTICLE SIZER,

W WA L A TR Ty

OF THE PICATINNY

6.1 Adjustment. Prior to determination of
particle size with the Picatinny Arsenal par-

ticle sizer, the following adjustments shall be

necessary :

(a) The air pressure regulator shall be
: et at approximately 2 pounds

ange nressnrn

DERpw o=

(b) The drying bottle shall be filled
with an indicating desiccant,
such as blue silica gel, The desic-
cant shall be checked once every

week. If it is blue in color, it shall

- be considered satisfactory. If the
celor turns to pink, it shall be
replaced with freah stock.

{c) The standpipe shall be filled with
- water. The water level shall be
approximately 5 inches from the

top of the standpipe when air

shall be passed through the ap-

paxratus.

{d) -The manometer shall be filled to the
fzaro” level with distilled water
to which a few drops of a color
_indieator, such as fluoreseein
green dye, shall be added.

{e) The sample height gauge shan be
placed into the sample tube con-
taining only a porous plug. The

edge of the sample height gauge
crogsbar ghall xead “zero” when -

.the tube contains only the plug

5.2 Permeability conslnnt.

. s T

$2.1 Determination of the permeability

constant for the porosity tubes (the fritted-.
glass diffusion tube). Since the accuracy and:

reprodueibility of particle size measurements |

made with the Picatinny Arsenal particle

-gizer shall depend on calibration of the

porogity tubés, it shall be necessary to de-

_términe the permesbility constants of each

tube. Bach tube shall be cleaned by washing

with 1:1 hydrochloric acid and rinsing with
distilled water, and dried for 4 hours by

heating in an oven at 110° C. The tubes
ghall be stored in a desiceator until ready

- for use. The dried tube shall be ¢lamped in

an upright position into the apparatus (see

fig. 5) and the open end shall be connected
to the wet-test meter. The empty sample tube

shall be inserted into the “instrument, The .
- air pressure sghall be adjusted so that air
-bubbles escape through the water at the -

rate of 2 or 8 per second, Air shall be pasged

WA WA i

through the system for approxnmately 15

PPTAE AN TALRE ARAS Hrdteis Ao

- minutes to determine whether the pointer on
the wet-test meter is moving at a constant ~ .

rate. The volume and the time reading, T,

in minutes, shall be recorded. The top and .

bottom levels of the water column in the

manometer shall be read. The sum of the . .

. volume reading on the wet-test meter, V.,

and the time-of the second reading, T., shall

ha woanandad Tha mrmnnhthi-v constant of
Y ATLTA UG o RA% LTUAL SARERATLAL M W RS WAR A W

the porosity tube shall be ca]culated by

' means of the following equation
VZ — V1

K = 1263x103 *

(LT P

where:

- K = permeahility qonstant of the poros-

ity tube.

11’ e aratviman nf ﬂvni' raadl

| 1—- VALLIUT Gt HADE LTS Ththy Ly

V= volume at second reading (cu. ft.). ’
" " 'Ty= time of first reading (minutes). .
T,="time of second rea.dmg (minutes) _

TP = alr pressure (cm)

Calibration of these tubes shall be. repeated .,
price every. monfh. When not in use, the

- porosity tubes shall be stored in a desiccator.,

s

ine Lnn -ﬂ»\ o
e

T
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7. TEST PROCEDURES

7.1 General test procedure., A porous plug
shall be placed in the sample tube by gentiy
sliding it into position until it rests at the
bottom of the tube, The tube shall be placed
in a sample tube holder. A representative
sample of powder shall be weighed to plus
or minus 0.01 gm, The amount of powder
required for analysis depends on the nature
of the particles. A multiple of the density
of the material, usually 10 times shall be
ugsed. With the aid of a funnel, the sample
shall be transferred into the sample tube
containing a porous plug. The sample tube
containing the sample shall be lightly tapped
to permit the particles to settle in a uniform
bed. Tapping for 1 minute is usually ade-

. quate, The sample tube shall then be inserted

Into the apparatus, Air shall be passed
through the system so that 2 or 3 air bubbles
per second escape through the water in the
standpipe, A porosity tube shall be selected
to give 2 manometric deflection, F, between

where:
p = average particle size, microns.

A = cross sectional area of the sample
tube, square centimeters.

H = height of sample, cm.

P = initial air pressure, em; i.e., the
pressure of air entering the sam-
ple tube.

. = the pressure of air after passing
through the sample, em

K = experimenially determined perme-
ability constant of the porosity

{ube, cm 3/2, s
N = a factor which is equivalent to the

7 weight of the sample divided by
its true density.

74 Determination of average particle gize
by momograms. Determination of average

MIL-STD-1233
21 March 1962

156 and 35 em. The manometric deflection
shall be recorded when it has attained a con-
stant value. The permeability conatant of the
porosity tube, K, shall be noted. The sample
tube shall be removed from the apparatus
and the height of the sample, H, shall be
meagured with the sample height gauge. The
sample tube shali be emptied, cleaned, and
containing only the porous plug used in the
above particle size determination, shall again
be placed in the apparatus. The air pressure
shall be regulated as specified above, and the
top and bottom levels in the manometer
ghall be read. This manometric reading is
equivalent to the pressure, P, of the air
entering the sample, :

7.2 Calculation of particle size. There are
two techniques available for determining the
average particle size of powdered material.

7.8 Calculation by substituting the proper
values in the Gooden and Smith equation:

times \/"F divided by (P — F)

particle size by means of 8 nomograms where
the 2 parts of the equation, the porosity part,
KHN divided by {(AH-N) 3/2 and the pres-
sure part Vv F divided by (P-—TF), are’

equated to « and B, respectlvely, iz as
follows;

(a) In Nomogram I, P is ahgned with
F, and g8 shall be read on the
third scale (see fig. 10).

(b) In Nomogram 1I, the porosity, K,
aligned with the height of the
sample, H, where A and N are
constant values (A=2,00; N=

IH B n» 1)V sivea a-valna fawe -

AWy Ky VL LJy RBAITUD G YRIUG AUL L .

wluch shall be read on the third
scale (see figs. 11, 12, or 13 as
applicable),

(c) In Nomogram III, « is aligned with
B and the average particle size
or the sample, in microns, shall
be read directly on the thu-d scale

" (see fig. 14). )
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8. GENERAL INFORMATION 8.2 Fritted-glass diffusion tubes manufac-
tured by the Corning Glass Works of Corn-
8.1 A precision Sargent Wet-Test Meter ing, N. Y., have been found satisfactory.
has been found to be satisfactory for test.

T
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Method 300

DETERMINATION OF PARTICLE SIZE
DISTRIBUTION BY SIEVE ANALYSIS =

1. SCOPE

1.1 This method establishes a procedure
for determining the particle size distribution
of powdered materiais by sieve analygis for
materials with the average particle size
greater than 35 microns,

2. SPECIMEN

21 The sample size shall be 100 gm
weighed o within 0.1 gm selected after the
material has been passed through the riffie-
gplitter,

3. GENERAL STATEMENTS OR RE-
QUIREMENTS

8.1 Principle of the test. Sieve analysis
determines the particle gize distribution of
materials in the particle size range of 35 to
1000 microns, The test consists of shaking
samples of powdered material through a
sieve arrangement and weighing the powder
collected on each sieve and in the pan.

3.2 Criteria for passing test, The sample
shall comply with the criterion for accept-
ability as specified in the specification(s)
for the item.

4. EQUIPMENT FOR THE TEST

4.1 Rifiie-splitier (see 5.1). The ' riffle-
splitter, an apparatus for dividing » sample
‘into statistically equivalent fractions shall
be used in the sample preparation.

4.2 Mechanical shakers. Fither one of the
following mechanical shakers shall be used
for test:

4.2.1 “Ro-Tap” apparatus. The “Ro-Tap”
apparatus is a mechanical shaker geared to
produce 300 plus or minus 15 gyrations and
150 plus or minus 10 taps of the striker per
minute,

4,22 “End-shake” apperatus. This ig-a
mechanicsl shaker with a sieve arrangement
for half-height and full- hejght sieves. In this
apbaratus, the nest of sieves reciprocates in
a direction Iengthwise of the gear box.

4.3 Sleves. U. 8. standard sieves conform-
ing to Specification RR—-S—-SGG shall be used
for test. :

4.4 Balanece, A balance accurate to plus or
minus 0.1 gram {gm.) shall be used.

5. PREPARATION FOR TEST

5.1 Sample pteparatiom The accuracy and
precision of the sieve analysis method depend
largely on the sampling of the material to be
analyzed. Each sample container shall, there-
fore, be tumbled repeatedly for at least 10
minutes to insure homogeneity of the pow-
dered material, Samples of the material shall
be taken from several parts of the container,
blended, and then divided with a rife-split-
ter (see 4.1) until a homogeneous sample is
obtained. One hundred gm of this sample
shall be weighed on a balance to within 0.1
gm and set aside for the sieve analysis test,

5.2 Sieve preparation, The sieve sliail be
cleaned and dried thoroughly before being

used for sieve analysis. They shall be cleaned

by prolonged soaking in water aided by
brushing with a camel's-hair brush or, where -
absolutely necessary, with a fairly limber -
paint brush. The use of any brush should be
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kept to an absolute minimum for sereens
finer than 270 mesh, since too sturdy a
brush may resull in lrreparabls damage {o
the screen. Suitable solvents may be used
except in the case of resinous or plastic ma-
terials (unless positively necessary) where
evaporation of the contaminated solvent will
ieave a fiim of the piastic materiai and cause
serious “blending” in the finer screens. A
sharp object shall never be used to remove
particles that are lodged in the openings.
The sieves used for particle size determina-
. tion shail be kept exciusively for that pur-
pose,

6. TEST PROCEDURE

6.1 For normal powders. A nest of five
sieves shall usually be employed for a sfeve
analysis, However, the number of sieves and
their gize ghall depend on the distribution
and nature of the material being used. Tf a
nest of five sieves i3 used, the following pro-
cedure shall apply:

The sieves shall be selected so that two are
coarser than the mesan size of the sample (as
determined by an air-permeability method),
and the remaining sieves shall be finer than
the mean size. For example, if a sample has
an air permeability mean diameter of 130
microns, the sieves used would be 80, 100,
120, 140, and 170 mesh, respectively, The
sieves shall be assembled with the coarsest
sieves on top, and the finest sieve fitted to the
bottom pan. The rims of the sieves shall
then be taped to prevent dusting, The entire
nest of sieves shall be placed into a mechani-
cal sieve apparatus such as the “Ro-Tap”
(see 4.2.1) or the “End-Shake” (see 4.2.2)
and shaken for 80 minutes. If there ig evi-
dence of a film of powder adhering to the
bottom of a sieve, it shall be brushed with a
goft camel's-haly brush or, in the case of
more sensitive compositions, & brush with
antistatic attachment, and added to the next
finer sieve. After the shaking has been com-
pleted, the stack of sieves shall be dis-
agsembled and the sieve fraction shall be
removed from each sieve and placed in a

labeled. container, A funnel large enough to
completely contain the sieve shall be used to
minjmize the sample loss, The sieve shall be
inverted into the top of the funnel and all of
the powder particles shall be removed by
brushing the screen surface with a suitable
brush, Where a film of powder adheres to
ihe boitom of the screen it should be added
to the next smaller size screen using a
camel’s-hair brush (with suitable antistatic
attachment for sensitive powders), Each of
the sieve fractions shall be weighed to within
0.1 gram.

6.2 For sensitive powders, For powders
which may be classified dangerous such as
finely divided titanium and zirconium and
mixiures coniaining these powders, the ma-
chine should be grounded and wherever pos-
sible the operation carried out behind a suit-
able barricade by remote control, Operators
shall observe all gafety precautions, includ-
ing the use of proper clothing, Wet sieving
may be used to separate the different pizes
where agglomeration due to static charges
may be expected. (The type of solvent and
directions for drying shall be stated in the
gpecification.) A liquid antistatic agent shall
be used to coat the screens, sieves, and walls.

6.3 Calculation, Each of the sleve fractions
shall be weighed to within 0.1 gm, The .
weight percent of the sample retained on
each sieve shall then be ealeulated by divid-.
ing the weight of powder on each sieve by
the total weight of powder recovered. The
cumuiative percent of material passing
through each sieve shall be determined by
adding together the percentage of powder on
the finer sieves and pan, The percent of

‘powder finer than the corresponding size of

the opening on each sieve, in mierons, shall
be plotted on log-probability paper against
the size of the opening of the respective sleve.
A straight line of best fit shall be drawn
through the plotted points. The geometrie
mean, which represents the average size of
the particles shall be obtained by reading the
50 percent size. The standard deviation,
which represents the distribution of the par-
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ticles shall be determined by first reading
the 84.1 percent size and dividing this value
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characterize the distribution, shall be re-

ported. A sample tabulat;on of the data is as

by the B0 percent size, These values, which  follows:
U-8. sleve Opening of aleve Weicht on gleve Percent Percent
number - (mterons) (grouns) on siove . through sleve
g¢ _ w 82 T Y
100 149 22.9 28.0 - T70.0
120 125 35.8 86.0 84.0
140 106 23.8 239 101
170 88 9.2 22 © 09
{Thru 170 on pamn)| . 08
Total 9.5 100.0

The geometric meaﬁ and standard devia-
tion of this sample are aqual to 185 micrens
and 1.2, respectively. '

7. GENERAL INFORMATION

7.1 General informatfon,

7.1.1 The Fisher riffle-splitter has been

found to ho gatisfs nh\.w

7.1.2 The end-shake testing sieve shaker,
a product of the Newark Wire Cloth Com- ‘
pany of Newark, N. .T has been found to be -

satisfactory.
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Method 400

DETERMINATION OF THE PACKED DENSITY
OF POWDERED MATERIALS

1. SCOPE

1.1 This method establishes a procedura
for the determination of the packed density
of powdered materials,

2. SPECIMEN

2.1 The sample size shall be the weight of
the material filled to 100 ml mark weighed
to within 0.10 gm. :

3. DEFINITION

3.1 Packed density. The packed density of
powdered materials is the weight per unit
volume of material which has been packed
until it hag attained its most compaet form.
"Packed density indicates the loading density
of loose pyrotechnic powders.

4, GENERAL REQUIREMENTS OR
STATEMENTS

4.1 Description of fest.

4.1.1 The test consists of an instrumental

procedure to determine the packed density of
powdered materisl,

4.1.2 Results obtained uwsing the packed
density apparatus specified on Drawing
P-12534 will be equivalent to those obtained
using “hand-tapped” techniques. However,
the instrumental method is safer, more rapid,
and has greater precision.

4.2 Criteria for passing fest.
4.2.1 The sample shall comply with the

criterion for acceptabllity as specified in the
specification(s) for the ifem,

e

1

4.3 Equipment for test.

4.3.1 Packed density apparatus (see fig.
18). The apparatus used for determining the
packed density of powdered materials shall
be composed of the following parts:

{a) Motlor-driven revolving cani agsem-
bly. o
{b) An sutomatic timer.

(c) Sample assembly consisting of 100
cubic centimeter (cc.) graduate
cylinder and cylinder holder,

4.3.2 Balance, A balance accurate to pins
or minus 0.1 gm shall be nsed.

4.4 Test procedure.

44,1 General, A clean, dry graduate
cylinder shall be weighed to plus or minus
0.1 gm on o balance, The graduate cylinder
shall be filled {o the upper etched mark with
the teat sample {e.g., the 100-cc mark for a
100-ce graduate cylinder). The cylinder con-
taining the poured sample shall be weighed
to plus or minus 0.1 gm. The weight of the
sample is the différence between the weight -
of the graduate with the sample and the emp-
ty graduate cylinder. The graduate cylinder
containing the sample shall be stoppered and
taped to prevent powder from eseaping. It
shall be ingserted in the apparatus by placing
it first into the upper circular holder from
below and then into the lower holder so that
the base of the cylinder rests on the rubber
covered block, The apparatus shall be turned
on for 10 minutes by means of an automatic
timer, This causes the motor to revolve the
cam at a constant rate of about 60 revolu-
tions per minate, raising and simultaneously
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turning the graduate cylinder part way
around before it drops to the rubber covered
block. This repeated lifting and dropping
jars the material and causes closer packing
of the particles. At the end of 10 minutes the
timer shall automatically break the circuit.

Packed density

‘ Sia.mpla calculation:

Weight of graduate cyiinder with sample

Weight of graduate cylinder, empty
Weight of sample

Volume of sample in the cylinder after packing =

Packed density
Packed density

Coples of specifications, standards, drawings, and
publications required by contractors in connection
with specifie procurement functions may be obtained
from the procuring agenecy or as directed by the
contracting officar, :

Copies of this standard for military use mey be
obtained as indicated in the foreward to the De-
partment of Defense Index of Specifications and
Standards,

Copies of this standard may be obtained for other
than ofticial use by individunals, firms, and contractors
from the Superintendent of Documents, U. 8. Gov-
ernment Printing Office, Washington 25, D, C.

Both the title and the fidentifying symbhol number
should be stipulated when requesting copies of mil-
itary standards,

The volume of the sample in the graduaie
cylinder shall ba read and recorded,

4.4.2 Calculation. The packed density of
the sample shall be calculated by means of
the following equation:

= Weight of sample in the cylinder divided by

volume of sample in the cylinder,

- = 216.6 gm.
=121.2 gm,
= 954 gm,

821 ce.

= 95.4 divided
by B2.0

1,16 gm/cc

i

Notice. When Government drawings, specifications,
or other dats are used for any purpose other than
in connection with a definitely related Government
procurement operation, the United States Govern-
ment thereby Incurs no responsibility nor any obli-
gation whatsoever, and the faet that the Govern-
ment may have formulated, furnished, or in any
way suppled the said drawings, specifications, or
other data is not to be regarded by implication or
otherwise as in any manner licensing the holder or

ane nthax nawman ar ansmaratan. a» sancavine one
Gy VSl RSVl U4 LOIPUL @ikl Ui LYNYOyiLg ey

rights or permission to manufacture, use, or seil
any patented invention that may in any way be
related thereto. ,

Custodian: Preparing activity:
Army—Ord Army—Ord
Navy—WEP

Air Force—mWADD
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The Fisher sub-sicve sizer.

FIcURE 2.



Downloaded from http://www.everyspec.com

FISHER SUB-SEVE SIZER
SUPPLEMENTARY CHART FOR

P pcaps e g A1k SFR 3 ~ e . 2’7

II‘_HMINle PART ler. JlLE

M{\TERIALS VITH |

TES

MIL-STD--1233
21 March 1962

i" i
AR A

H 1] ul a“ .-: .

A AT

1114
NEY

R B




Downloaded from http://www.everyspec.com

MIL-STD-1233
21 March 19562

NOMOGRAM FOR AR PERMEABILITY FQUATION
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FIGURE T. Sample tube assembly, Picatinny Arsenal particle sizer.,
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Pravae 8. Sample keight gaugs, Picatinny Arsenal paritiole elzer.
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