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PARTICLE SIZE A T ^ Y S I S OF H ^ FOR HERCUI^S INCORPORATED 

INTRODUCTION 

Particle size distribution (7T)i of three batches of Hercules'-supplied HMX have been 
analyzed by the Pantex Development Division. IT's were determined by the specified 
sieve analysis having a nest I'ange of 180 through 10 y• These sieves were used 
to comply with HercuJes requests; they are also those customarily used fcr^HMX 
qualification. Five analyses for each batch were performed on the material 
> 10 y and duplicates analysis for the < 10 y material. 

On August 22, 1972 RC'bert Sthnettler visited our laboratory to dis:nass pcrticle 
size analysis. He okserved sieve analysis performed on the Pantex automatic 
sieving apparatus. V^ritten procedures involving sieving HMX as well as a complete 
set of blueprints of the sieving apparatus were given to him at that time. Later, 
upon the request of I.. Levitt, a conplete set of Sepia prints of the sieving 
apparatus was mailed to Hercules. 

The effects of ultrasonic vibration on HMX particle size are of interest to Hercules 
(having been discussed by telephone with Sthnettler]and a study on that is included 
in this report. Specific procedures used in the sieving of Hr4X as well as a dir,-
cussion of sieve anaJysis and the Pantex sieving apparatus are also included. 

Particle Distributior. of Hercules Supplied HMX 

The sieve analysis consisting of 5 runs for each of three batches of HMX has been 
canpleted by Pantex for Hercules Incorporated, Bacchus Works Plant, Magna, Utah. 
The analysis simulates Holston's analysis (which in turn was a consequence of our 
early work on small sieves). Isobutyl acetate was used as an elutant to separate 
HMX through a nest consisting of sieve sizes 180, 150, 130, 100 and increments of 
10 M down to 10 y. E'uplicate analysis below 10 y was done in increments of 8, 6, 
4, and 2 y. 

Batch identification were as follows: 

1 . 930-6 Sample 1 6H6F 62-57 
2 . 9 6 1 - 5 E ,-. I - , , ' ! 
3 . L/N 1 4 8 - 6 1 . '.J ' ' I 

Sieve analysis show batches 961-5E and 930-6 to be similar in distribution; 
each retained approximately the same amount of material on each sieve. Batch 
961-5E had an arithmetic mean particle size of 11.01 y, v*.ile batch 930-6 
arithmetic mean was 16.29 y. Batch L/N 148-61 was evenly distributed: the 
weight percentage retained for the various sieves were nearly equal. The 
major modes at 100 y and 60 y were '̂ 1̂2% while the other sieves were '\'5%. 
The arithmetic mean particle size for L/N 148-61 was 69.59 ]i: Distributions 
for each batch are shown in condensed forms in Tables I,_ II, and III; detailed 
computer printout and plots are in enclosures I, II, and III (plots for each 
respective batch are at the end of its appropriate enclosure). 



II's were based on the weight % retained by eich sieve. Particle size was 
denoted as that of the sieve; calibration, by microscopy, of each sieve's 
average opening was within ±.5 y. 

Weight percentage retained is calculated by the weight retained divided by 
the total weight retained x 100. Tctal weight retained is used instead of 
starting sample weight becavise samp].es were :,iot dried before sieving, and sample 
loss is not linear wit± respect to size. For each duplicate in enclosures I, II, 
and III, a combined analysis is calculated. This is done by adding the weight 
retained in analyses 1 and 2 for each sieve divided by combined total retained 
for both analyses x 100, This is done to minimize Sempling error, which would 
be more effective than averaging the weight % retained. Tables I, II and III 
have combined analyses for the total retained for the 5 analyses on each sieve 
divided by total retained for all 5 analyses x 100, (Do not confuse an 
average of the weight % retained with the combined analysis. Mean weight % 
retained are shown in column 10 of each table.) Standard deviation in weight % 
retained for each sieve > lOy were all <0,8% and average '̂ -0.2%. For any 
analysis having a standard deviation <1% the procedure may be said to be very 
reproducible. Accuracy must ba achieved by proper washing, calibration of 
sieves and appropriate particle shape. 

Standard deviation «» s = 
I (Xi-X)^ 

N-1 

N 
Variance = s^ = Z iX^-X)^ 

i^l 

N-1 

Arithmetic mean for v^eight % retained and is not be confused with arithmetic 
mean particle size calculated in the detail print outa in enclosuras I, 11, and 
III because the latter is based on sieve size and not weight % retained. 

Arithmetic mean - X -̂  

N 
E Xi 

i-1 
N 

TUrithmetic mean based on particle size between two sieves. 

N 
I 

a i=l 

;xi + Xj 
w. 

w 

with Xi being upper sieve size and 
X2 bottom sieve size of two adjacent sieves 
Wĵ  weight retained between sieves Xj and- XT 
w total weight retained by sieve nest. 

Geometric mean based on geometric mean particle size betweeci two sieves. 

Xg . , 
" 1-1 

N 
E [(VXiX2) wj_] 

w 

The differences are significant, thus emphasizing the need for stating clearly 
how particle size average of screened material are derived. 



TABLE I . 

W e i g h t % R e t a i n e d 

HERCULES HMX 9 3 0 - 6 Sample 1 6H6F 6 2 - 5 7 

S i e v e S i z e 

1 8 0 
1 5 0 
1 3 0 
100 

90 
8 0 
7 0 
6 0 
SO 
4 0 
3 0 
2 0 
1 0 
1 0 

S 
6 
4 
2 
2 

A r i t t a e t l c A v e r a g e 
( M i c r o n s ) . 

G e c n e t r i c A v e r a g e 

A n a l y s i s 
1 

. 2 7 

. 2 5 

. 2 5 
. 3 5 
. 6 5 
. 6 0 
. 6 5 

1 . 3 5 
2 . 1 0 
3 . 9 4 
6 . 9 4 
6 . 6 0 
1 2 . 8 2 
6 3 . 2 2 

7 . 0 2 
3 7 . 9 5 

6 . 0 5 
1 1 . 6 0 

. 5 9 

• 

A n a l y s i s 
2 

. 5 7 

. 5 8 

. 5 3 

. 5 0 

. 7 8 

. 9 0 

. 9 3 
1 . 5 5 
2 . 1 4 
3 . 2 4 
7 . 3 0 
6 . 6 4 

1 2 . 9 3 
6 1 . 4 6 

7 . 4 1 
3 4 . 6 2 

9 . 0 2 
1 0 . 1 9 

. 2 2 

A n a l y s i s 
3 

. 5 6 

. 6 1 

. 7 2 

. 7 4 

. 8 7 

. 8 1 

. 9 1 
1 . 6 8 
2 . 5 4 
4 . 1 8 
7 . 0 0 
6 . 4 0 

1 2 . 2 9 
6 0 . 7 0 

A n a l y s i s 
4 

. 4 8 

. 1 5 

. 5 7 

. 5 9 

. 7 3 

. 6 6 
1 . 0 6 
1 . 3 9 
2 . 1 9 
4 . 1 0 
6 . 6 7 
6 . 7 1 

1 3 . 0 4 
6 1 . 4 0 

A n a l y s i s 
5 

. 5 0 

. 6 0 

. 5 8 
. 6 3 
. 9 1 
. 8 3 
. 9 5 

1 . 5 1 
2 . 2 3 
3 . 4 2 
7 . 4 6 
6 . 6 5 

1 2 . 2 4 
6 1 . 4 9 

CcMnbined 
A n a l y s i s 

. 4 2 
A^ 

. 4 6 

. 5 2 

. 7 6 

. 7 3 

. 8 5 
1 . 4 7 
2 . 2 1 
3 . 8 1 
7 . 0 5 
6 . 6 0 

1 2 . 7 0 
6 1 . 9 7 

7 . 1 5 
3 6 . 9 2 

6 . 9 7 
U . 1 6 

. 4 8 

% C o a r s e r 
Than S i e v e 

S i z e 

. 4 2 
.R7 

1 . 3 3 
1 . 8 6 
2 . 6 1 
3 . 3 5 
4 . 2 0 
5 . 6 6 
7 . 8 7 

1 1 . 6 8 
1 8 . 7 3 
2 5 . 3 3 
3 8 . 0 3 

1 0 0 . 0 0 

% F i n e r 
Than S i e v e 

S i z e 

9 9 . 5 8 
0 9 . n 
9 8 . 6 7 
9 8 . 1 4 
9 7 . 3 9 
9 6 . 6 5 
9 5 . 6 0 
9 4 . 3 4 
9 2 . 1 3 
8 8 . 3 2 
8 1 . 2 7 
7 4 . 6 7 
6 1 . 9 7 

. 0 0 

. 

A r i t h m e t i c 
Mean 

. 4 6 4 

. 4 9 8 

. 5 1 8 

. 5 6 2 

. 7 8 8 

. 7 6 0 

. 9 0 0 
1 . 4 9 6 
2 . 2 4 0 
3 . 7 7 6 
7 . 0 7 4 
6 . 6 0 0 

1 2 . 6 6 4 
6 1 . 6 5 4 

7 . 2 1 5 
3 6 . 2 8 5 

7 . 5 3 5 
1 0 . 8 9 5 

. 4 0 5 

1 6 . 2 9 
1 6 . 0 7 

V a r i a n c e 

0 . 0 1 0 1 
0 . 0 1 8 7 
0 . 0 2 3 3 
0 . 0 1 7 2 
0 . 0 0 8 8 
0 . 0 1 2 5 
0 . 0 1 8 3 
0 - 0 1 3 9 
0 . 0 2 4 4 
0 . 1 4 1 3 
0 . 0 7 7 3 
0 . 0 1 1 2 
0 . 1 1 1 2 
0 . 6 9 8 3 
0 . 0 3 8 0 
2 . 7 7 2 2 
2 . 2 0 5 2 
0 . 4 9 7 0 
0 . 0 3 4 2 

S t a n d a r d 
D e v i a t i o n 

0 . 1 0 0 5 
0 . 1 3 6 7 
0 . 1 5 2 8 
0 . 1 3 1 1 
0 . 0 9 3 9 
0 . 1 1 1 9 
0 . 1 3 5 4 
0 . 1 1 7 9 
0 . 1 5 6 3 
0 . 3 7 6 6 
0 . 2 7 8 1 
0 . 1 0 6 0 
0 . 3 3 3 5 
0 . 8 3 56 
0 . 1 9 5 0 
1 . 6 6 5 0 
1 . 4 8 5 0 
0 . 7 0 5 0 
0 . 1 8 5 0 



TABLE I I . HERCULES HMX 9 6 1 - 5 E 

Weight * Retained Weight % Retained 

Sieve S ize 
(microns) 

1 8 0 
150 
1 3 0 
100 

90 
80 
70 
6 0 
50 
4 0 
3 0 
20 
10 
10 

8 
6 
4 
2 
2 

Ari th iKt ic Avei'age 
(Bicrons) 

Gecaetr ic Averages 

Analysis 
1 

. 3 6 

. 3 5 

. 4 1 

. 3 7 

. 5 7 

. 5 4 

. 5 0 

. 7 0 

. 6 6 
. 9 1 

2.07 
3 . 3 1 

14.54 
74.72 

9.06 
38 .45 
13.01 
13.69 

. 5 7 

Analys is 
2 

. 2 6 

. 3 6 

. 4 0 

. 5 4 
1.12 

. 7 0 

. 9 9 

. 9 6 

. 8 2 
1.46 
2.13 
3 .60 

13.27 
73.40 

1.01 
47 .65 

4 .27 
14.61 

. 8 5 

Analysis 
3 

. 4 7 

. 4 2 

. 5 4 

. 5 5 
. 7 1 
. 6 8 
. 7 7 

1.11 
. 9 3 

1.23 
2.27 
3 .49 

14.09 
72.69 

Analys i s 
4 

. 4 1 

. 4 8 

. 5 2 

. 6 0 

. 8 2 

. 6 9 

. 6 2 
1.01 

. 9 7 
1.02 
2 .16 
3 .64 

14 .52 
72.54 

Analys i s 
5 

. 2 4 

. 2 8 

. 3 8 

. 4 2 

. 7 2 

. 5 3 

. 6 0 

. 5 5 

. 7 6 

. 9 2 
1.90 
3 .45 

13 .72 
75 .54 

Combined 
Aneilysis 

.35 

. 2 8 

. 4 5 

. 4 8 

. 7 7 

. 6 2 

. 6 8 

. 8 5 

. 8 2 
1.09 
2 .10 
3 . 4 8 

14 .08 
73.87 

% Coarser 
Than S ieve 

S i z e 

. 3 5 

. 7 2 
1.17 
1.65 
2 .42 
3 .04 
3 . 7 1 
4 .56 
5.38 
6.47 
8 .57 

12.04 
26.13 

100.00 

» Finer 
Than S i eve 

S i z e 

99.65 
99.28 
98.83 
98.35 
97.58 
96.96 
96.29 
95.44 
94.62 
93.53 
91.43 
87 .96 
73.87 

0 .00 

Arithmetic 
Mean 

.348 

.378 

.450 

.496 

.788 

.628 

.696 

.866 

.838 
1.108 
2.106 
3.498 

14.028 
73.778 

7.535 
43 .05 

8.640 
14.150 

. 6 8 

11 .01 
10.83 

Variance 

0.0077 
0 .0046 
0.0044 
0.0075 
0 .0339 
0.0058 
0 .0291 
0.0433 
0.0151 
0.0442 
0.0148 
0.0137 
0.2355 
1.3703 
2.3256 

21.600 
19.0967 

.2116 
0.0289 

Standard 
Deviat ion 

0.0875 
0.0676 
0.0663 
0.0864 
0.1841 
0.0763 
0.1705 
0 .2081 
0 .1230 
0.2103 
0.1218 
0.1169 
0.4853 
1.1706 
1.5250 
4.60O0 
4 .3700 

.4600 
0.1700 



TABLE I I I . HERCULES HMX L/N 148-61 

Weight % Reta ined Weight % Re ta ined 

I 
Ul 
I 

Sieve S ize 
(microns) 

180 
150 
130 
100 

90 
80 
7 0 
6 0 
50 
4 0 
3 0 
2 0 
1 0 
1 0 

8 
6 
4 
2 
2 

A r i t h m e t i c Average 
Geometr ic Average 

A n a l y s i s 
1 

2.44 
3 .94 
3 .87 

12.04 
9.77 
6 .90 
6.28 

12 .11 
6.03 
9 .79 
6 .10 
3 .59 
4 .02 

13.12 
1 .46 
3.41 
X.46 
5.fi8 
e.ii 

Analys i s 
2 

1.55 
4.60 
4 .11 

12 .05 
9.42 
6.47 
•7.19 

11.36 
5.96 
8.94 
6.54 
4.12 
4.24 

13.46 

-^ 

Analys i s 
3 

1.89 
4 .15 
4.27 

12.02 
9.86 
5.96 
7.37 

11 .86 
6.08 
8.71 
6 .68 
4 .30 
4.17 

12.69 

A n a l y s i s 
4 

2.27 
4 .41 
3.95 

12.24 
9 .79 
6 .02 
7 . 0 1 

11 .46 
6 .75 
9 .05 
6 .39 
3 .56 
3 .96 

13.14 

A n a l y s i s 
5 

1.95 
4 .63 
4 .12 

12 .23 
9.83 
6 .97 
6 .46 

11.65 
6 .39 
8.95 
6 .68 
3 .75 
4 .10 

12 .28 
1.22 
5.16 
1.98 
3 .74 

. 1 8 

Ccmhined 
A n a l y s i s 

2.04 
4 .34 
4 .05 

12.12 
9.74 
6.44 
6 .86 

11 .68 
6.27 
9 .09 
6.47 
3.84 
4 .09 

12 .96 

% Coa r se r 
Than S i e v e 

S i z e 

2.04 
6 .38 

10 .43 
22.56 
32 .30 
38 .74 
45 .60 
57 .29 
63 .55 
72.65 
79 .11 
82.95 
87.04 

100.00 

% F i n e r 
Than S ieve 

s i z*» 

97.96 
93.62 
89 .56 
77.44 
67 .70 
61.26 
54.396 
42 .71 
36 .45 
27 .35 
20.89 
17.05 
12.96 

0.0060 

A r i t h m e t i c 
Mean 

2.020 
4 .346 
4 .064 

12.116 
9.734 
6.464 
6.862 

11.688 
6.242 
9.088 
6.478 
3 .864 
4 .098 

12.938 
1.340 
4 .285 
2.220 
4.710 

.145 

69.49 
69.14 

U a ^ i a n ^ c 

0.0963 
0.0705 
0.0197 
0.0095 
0.0256 
0.1795 
0 .1776 
0.0737 
0 .0861 
0.1356 
0.0472 
.0872 
0.0101 
0.1682 
0.0144 
0.7656 
0.0576 
0.9409 
0.0012 

s t a n d a r d 
Vtntf i a +- 1 o n 

0.3104 
0.2655 
0.1402 
0.0977 
0.1601 
0.4236 
0.4214 
0.2715 
0.293 5 
0.3683 
0.2173 
0.2953 
0.1005 
0 .4101 
0.1200 
0.8750 
0.2400 
0.9700 
0.0350 

/ 



I 

SIEVE ANALYSIS 

Sieve analysis has been widely used in measuring particle size distribution 
(T) and is used in this case because of the ease with which a relatively 
large sample can be characterized. 

HMX is ideal for sieving in that size and shape are appropriate. Many 
e>;plosives have particle shapes that do not allow proper separat.ion but HMX 
is slightly elliptical and often ranges from 350 to lOy in size. HMX II's 
are derived by sieving the powder through a nest of sieves and from the weight 
retained, weight percent is calculated. Quite often additional information 
is desired and thus study can be made in which sieve intervals can be used to 
better estimate distribution means and specific surface area. In order to 
gain a valid estimate of particle distributions, the principles of sievs 
analysis should be understood, e.g., effects of particle shape, orientation, 
dynamic locking, sieve loading, etc., on particle retention. Some prin,':iples 
of sieve analysis are discussed herein. 

Disojssim 
sieve analysis has been considered by many analysts as the most rapid and 
easiest method to obtain a ii. Basically, sieve analysis is the flacing of a 
standard in the path of a moving particle which acts as a means cf resistance 
by which particles are measured through retainment or passage. Ideally this 
means that particles greater than the sieve aperture are retained and tliose 
passing must be smaller than the aperture; thus, the ultimate goal is t(5 seg
regate particles above or below a given aperture. The simplicity of thisse 
concepts gives the general idea that sieve analysis is simple, but to achieve 
accuracy and precision it can become extremely complicated. 

Sieve analysis is usually performed by using a series of sieves having different 
size apertures, one upon the other, with the aperture size increasing ujward 
in the vertical direction. The sample is placed on the upper sieve, which 
has the largest opening. The entire stack of sieves (nest) is then shaken 
and/or washed with an elutant until the sample distributes itself on the indi
vidual sieves. Theoretically, it appears that each particle has found its 
remaining sieve; however, this may not be true enough unless the inherent 
problems of sieving are eliminated. Inherent problems of sieving are as 
follows: 

A. Electrostatic Adherence 
• 

Most powders generate static electricity when being sifted, thus fine 
particles adhere to the screen or each other,-causing them to be deposited 
on screens that have apertures larger than their dimensions. This results 
in a shift in the distribution toward the coarser sizê ; To eliminate this 
problem wet sieving is generally preferred and should be used with any 
powder having particle <20\i. In wet sieving, high density moderate vapor 
pressure liquids are desired because of their flow properties. However, 
any liquid can be used that does not dissolve the particles to be sieved 
or react with the sieve's construction. 



Particle Agglomeration 

Aggloneration, due to weak bonding, must be eliminated before an accurate 
sieve analysis can be made. VJet sieving is preferred in that the agglom
erate! particles may be dispersed in an elutant by shaking or ultrasonic 
vibration before sieving. For powders difficult to disperse, wetting 
agents may be added to the elutant to assure adequate surface wetting. 

Particle Abrasion 

For brittle particles it has been found that repeated collision with the 
sieve surface or other particles tend to fracture particles causing a 
reduction in particle size. When excessive sieve time is required tc 
separate particles, wet sieving is generally used to reduce impact velo
city. If ultrasonic vibration is used to separate particle agglomerates 
a meucimum duration must be determined, because ultrasonic vibration can 
fracture and abrade particles. 

Sieve Abrasion 

When sieving particles which are harder than the metals of the sieve con
struction, abrasion occurs which will increase the sieve's apertures. 
In sieving these powders a minimum sieving time should be used and fie-
quent calibration of the sieves made. Extreme care should be used wi-en 
washing and cleaning sieves in that the fragile construction of the iresh 
can be damaged, resulting in an alteration of the sieve's openings. 

Sieve Apertures 

For proper sieve analysis the openings of an individual sieve should 
be as accurate and alike as possible, because off-size apertures, as is 
â jparent, will pass or retain particles less or greater than the ncminal 
sieve size causing improper segregation of these particles. Thus, di.s-
tributions generated from these sieves do not relate to the actual pc'wder 
distribution. Wire woven sieves have apertures that vary as much as 15% 
(and with continued use the variance in aperture size increases). 
Electreformed sieves are far superior to wire woven sieves in that the 
variance in sieve apertures is generally quite small. In the larger 
aperture electroformed sieves the variance is ± 2y, in the smaller sieves 
C<;20y),it is ± ly. Electroformed sieves have greatly improved the ac
curacy of determing powder distributions. 

Nest Distributions 

An adequate number of sieves must be used to determine the powder distri
bution and mode intervals. Many powders have been found which exist with 
more than one mode. Thus initial testing should be done with as many 
sieves as possible to find the major modes and then sieVes not pertinent 
to bracket these modes may be eliminated. Bracketing sieves are important 
in reducing sieve load for major sieves, e.g., to prevent overloading. 

-7-



G. Inclined Screening 

The effective opening of sieves can be reduced by placing the sieve in an 
inclined position. Pitch on an inclined screen reduces the actual opening 
to a smaller effective opening due to the angle at which particles carried 
by gravity will strike the aperture. Inclining the screen should be 
avoided when accurate sieving analysis are to be made. 

H. Dynamic Locking 

Dynamic locking is due to the motion of the screen. In sieving powders, 
particles are normally in motion about the screen surface. If not, par
ticle stoppage can occur regardless of particle size, after the initial 
motion of the particles to the sieve surface, unless an aperture is found. 
Thus the sieves are normally shaken, oscillated, thumped, etc., to place 
the particles in motion about the sieve to eliminate clogging. Sieve 
movement which is necessary has also been found to be critical as to 
speed and direction. Speed is important in that a rapid horizontally 
moving sieve has a tendency to present to a falling particle a grid instead 
of an opening. With slow horizontal movement a particle has a greater 
probability of finding a sieve aperture before the end of the operation. 
When a particle becomes stationary on the sieve surface (occasionally 
due to frictional forces) this particle tends to ride the surface. When 
a particle is frictionally bound, the particle and sieve proceed in the 
same direction at the same speed. Therefore, the screen must be moved 
at a speed so that frictional binding is overcome. Direction now becomes 
important and is basically of two kinds: (1) horizontal, which means 
the sieve moves perpendicular to the particle's normal gravitation direc
tion, (2) vertical movement, which is intended to agitate and mix the 
particles by tossing them above the sieve. Fahrenwald and Stockdale (i) 
carried out an intensive study of the above sieve motions and found that 
machines using horizontal movement were not as efficient as those using 
vertical movement. 

I. Sieve Blinding Due to Overloading 

Overloading of sieves leads to inaccurate results because of improper 
segregation of particles due to aperture blockage by oversize particles. 
During sieving two major passages occur: (1) fines easily pass the 
aperture, and (2) some particles just pass the sieve aperture. The fines 
pass quite rapidly, unless overloading occurs; and thus the bulk of the 
sieving time is related to the passage of those particles which just pass a 
sieve aperature. 

(1) Effects of Sieve Motions on Screening Efficienay^ Buredu of Minest Serial 
Number 2933^ May 1929. ' . ' 

-8-



For a near-mesh particle close to the aperture sieve, orientation to the 
aperture is critical for passage and, it must usually be continually 
lifted from the sieve surface and presented again to another portion of 
the sieve surface. Because a powder layer on a sieve is several parti
cles thick, then the probability of a near-mesh particle finding an un
occupied aperture is quite small. Thus, mixing and presenting the 
particles to the sieve would be an endless process in order to get every 
particle to pass those sieves larger than the particle's dimensions. Pro
longation of sieving time does improve the probability that a near-mesh 
particle finds an aperture for passage; however, if overloading occurs 
the probability decreases again, because of particles being trapped between 
other particles. Overloading thereof ore is not related to gross amount 
added to a sieve, but to the proportion that does not pass through the 
sieve readily. The sample size should be set by this factor. It should 
also be kept in mind that prolongation for segregation in sieving time 
may not improve particle passage as much as reduction in sample size. 
The ASTM method of sample size restricts the amount of material regained 
by a specific sieve to be less than a certain weight per square inch of 
sieving surface. This weight varies for specific materials and is a func
tion of density, vAiich essentially restricts the number of particles per 
sieve to avoid aperture masking. 

J. Sieving Time 

Sieving time has been generally regulated by one of three criteria. 

1. By standard time of sieving. This method has been adopted by the 
British Bureau of Standards #12,1931. When using this method one nor
mally predetermines time required for adequate separation by observing 
retention after various times by microscopy. 

2. By stating that sieving must be continued until the weight of powder 
jpassing the sieve per minute is less than a certain percent of the 
total weight of the sample taken (American Standard 1926D). 

3. By stating that sieving must be continued until the weight of material 
passing the sieve per run is less than a certain proportion of the 
weight retained on that sieve. 

Method 3 is the better method, although in wet sieving it is more compli
cated. However, it does set limits on the retaining material which takes 
into account near-mesh particles. 

These three methods of determining end points are widely used and any of 
them would give reproducibility, which is important. Most analysts state 
that complete separation is not possible; thereifore set sieving time at 
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a point where most of the readily passable- particles have passed and 
where the passing rate of near-mesh size is small. To be safe a near-mesh 
particle count should be made to determine that failure to pass is not 
due to overloading. A general procedure to follow on new material analy
sis is to use one of the old test procedures and see where the modes; occur. 
Check the retained powder on the major mode sieves by microscopy to see 
how many undersxze particles have been retained. Then determine if the 
retainment of fines is due to insufficient sieving time or overload..ng. 
Large numbers of readily passable particles means overloading and l<irge 
numbers of near-mesh particles is usually due to insufficient duration. 
From this test sample nest size and sieving time can usually be deti^rmined. 

Aperture Shape 

Sieves of several kinds have been used, e.g., those havi.ng rcjund, rectan
gular slits, or square openings. Square openings are genera]ly favored 
because there is less orientation effect. Square' openings rtjduce the 
corridors found in slitted screens. (In a square- of 20u the corridrjr along 
the diagonal will allow up to 28y to pass if their L/W or W/H ratio is 
favorable; the effect with slits is obvious,) Round openings were intro
duced to eliminate corridor effects. For redtangiilar and cubic particles 
round openings do not adequately represent the restricting particle 
dimensions in that a round opening requires a dicuneter chat equals the 
diagonals and not side dimensions. Round openings are best suited for 
spherical particles, but square openings relate to spherical diameter 
anyway. The additional opening area afforded by square openings sp̂ eeds 
sphere passage, e.g., in wet sieving by increasing elutant flow. 

Particle Retainment 

If we consider a single square aperture perpendi:;ular to the approach of 
a particle then the fc.ctors involved in retentioa have to do with all the 
dimensions of the particles. Retainment may be lue to each of its dimen
sions separately or in cctnbination, forming a diagonal. For a sinqle 
rectangular particle many combinations can cause retainment; the para
meter that does so is sometimes called the approach diir.ension. 

Approach dimensions vary according to the shape of the particles; spheres 
have but one dimension(obviously the diameter of the sphere) while cubes 
have one side or diagonals that can cause stoppage. 

When a particle has dimensions such that length > width > depth then 
several approach dimensions must be taken into account. For example, 
particles having length 85% of the corridor length an L/W ratio of '̂  5.8 
is required for corridor passage. In order- for a particle having length 
99% of the corridor length to pass a L/W ratio of 39.0 would be necessary. 
Thus it can be seen that eixtremely high L/W ratios are required for corri
dor passage and that orientation is critical. 

Irregularly shaped particles gain more corridor passage, as particle dimen
sions become more varied; the powder analysis likewise becomes more varied. 
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The sieving of irregularly shaped particles tend to be more governed by 
the laws of chance and reproducibility of such distributions are often 
poor. 

M. Angle of Approach 

Mesh thickness dees not appear important in particle passage, tixcept that 
elutant flow may be decreased by the thicker mesh and should be avoidad if 
possible. If the mesh thickness is not too great high angles of approach 
(angle between the direction of fall and the vertical) do not increase flow 

, impedance much. 

In order to study dimension effects on sieve analysis, a sample of HMX was 
sieved in duplicates and from the powder retained on each sieve, samples rfere 
removed for microscopy analysis. By measuring particle dimensions for ths 
various particles found retained on the sieves, segregation according to ap
proach dimension were studied. In addition to the material retained on the 
sieves, upon drying a small percentage of particles are found to fall through 
the sieves; the particles that passed thus upon elutant drying were also 
measured. 

In this study the primary dimensions euialyzed were length and widtli. Fron 
Table IV) the effectiveness of the sieving time and sample size can be seen: 
only 0.6% of the particles retained on each sieve had both width and length 
less than the retaining aperature. 

When sieving analysis is done wet, each sieve must be dried before the weight 
of material retained can be determined. After drying, particles have been 
found beneath the sieves. From all indicat.ions the majority of the particles 
passing were near-mesh size and only 4.3% had both dimensions less than 
the passing aperture. 

COMMENTS AND CONCLUSIONS 

Sieve analysis, an extremely useful method in describing IT for some kinds of 
particles should be performed in a manner which avoids the inherent problems 
involved in sieving. Wet sieving has been found by our laboratory to be far 
more reproducible when sieving particles below 2000y in size. Wet sieving 
reduces particle attrition due to impact upon the sieve surface and with 
other particles. Deagglccneration by use of ultrasonic vibration while the 
sample is in a liquid is very helpful in that the sample is placed on the 
sieves while wet so that agglomeration does not recur. Ultrasonic vibra
tion does change particle size when done for an excessive length of time, 
therefore a maximum time must be determined for each specific material to be 
sieved. Elutants are frequently used as a solvent for binders in formulated 
materials and should be selected on the basis of the best sdlvent for binders 
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Table ly. HMX Analvais 

Sieve Cuts 

Pcirticles 
Retained 

. 

(O 
1 

s i e v e 
S i z e 

180 
% 

150 
% 

130 
% 

ICO 
% 

90 
% 

80 
% 

70 
% 

60 
% 

50 . 
% 

• 40 
% 

5o 

20 
% 

• 10 
% 

< 10 
% 

P a r t i c l e s 
Measured 

8 9 4 

8 6 7 

8 8 9 

9 1 3 

8 6 2 

9 0 1 

8 4 5 

8 1 9 

9 2 2 

9 1 9 

9 3 5 

a>4t ^ 

909. 

8 9 9 

" 

X 

P a x t i c l e s 
w i t h L e n g t h 

> Top 
A p e r t u r e 

839 
9 6 . 7 7 

871 
9 7 . 9 7 

882 
9 6 . 6 0 

855 
9 9 . 1 9 

873 
9 6 . 8 9 

827 
9 7 . 8 7 

804 
9 8 . 1 7 

914 
9 9 . 1 3 

910 
9 9 . 0 2 

927 
9 9 . 1 4 

933 
9 8 . 3 1 

792 
8 7 . 1 3 

1 3 

1.45 

89.7% 

P a r t i c l e s 
w i t h L e n g t h 
< Bot tom 

A p e r t u r e 

11 
1 .23 

2 
. 2 3 

9 
1 . 0 1 

4 
. 44 

4 
. 4 6 

14 
1 .55 

6 
. 7 1 

4 
. 4 9 

4 
. 4 3 

3 
. 3 3 

1 
. 1 1 

3 
.32 

5 
. 55 

. 6 0 

P a r t i c l e s 
wi-th Width 

> Top 
A p e r t u r e 

125 
1 3 . 9 2 

142 
1 6 . 3 8 

172 
1 9 . 3 5 

305 
3 3 . 4 1 

591 
6 8 . 5 6 

635 
7 0 . 4 8 

373 
4 4 . 1 4 

395 
4 8 . 2 2 

435 
4 7 . 1 8 

310 
3 3 . 7 3 

362 
3 8 . 7 3 

253 
2 6 . 6 6 

63 
6 . 9 3 

1 

. 1 1 

3 5 . 9 8 

P a r t i c l e s 
w i t h Width 
< Bot tom 

A p e r t u r e 

83 
9 . 5 7 

103 
1 1 . 5 9 

65 
7 . 1 2 

80 
9 . 2 8 

124 
1 3 . 7 6 

, 167 
1 2 . 6 6 

100 
1 2 . 2 1 

88 
9 . 5 4 

126 
1 3 . 7 1 

29 
3 .10 

86 
9 . 0 6 

96 
1 0 . 5 6 

0 

9 . 4 0 

P a r t i c l e s 
w i t h Width 

> Top 
O o r r i o o r 

0 
0 . 0 0 

2 
.22 

1 
. 1 1 

2 
. 2 3 

2 
. 2 2 

0 
0 . 0 0 

2 
.24 

1 
. 1 1 

2 
.22 

8 
. 86 

0 
0 . 0 0 

0 
0 . 0 0 

0 . 0 0 

. 1 7 

w i t h Both 
D imens ions 
< Bot tom 
Aper t iu re 

11 
1 .23 

2 
. 2 3 

9 
1 .01 

4 
. 4 4 

4 
. 4 6 

14 
1 .55 

6 
. 7 1 

4 
. 4 9 

4 
. 4 3 

3 
. 3 3 

1 
. 1 1 

3 
.32 

5 
. 5 5 

. 6 0 



Table V. 

Particles Passed After Sieving 

Sieve 
Size 

180 
% 

150 
% 

130 
% 

100 
% 

90 
1 % 
M w 
1 80 % 

70 
% 

60 
% 

50 
% 

40 
% 

30 
% 

Particles 
Passed 

85 

58 

174 

213 

183 

356 

489 
,. 

236 

107, 

118 

X 

Having Length 
> Passing 
Aperture 

85 
100.00 

52 
89.66 

166 
95.40 

205 
96.24 

183 
100.00 

339 
95.22 

449 
91.82 

227 
96.19 

99 
92.52 

118 
100.00 

95.70% 

Having Length 
> Passing 
Corridor 

74 
87.06 

47 
81.03 

141 
81.03 

149 
69.95 

31 
16.94 

226 
63.48 

256 
52.35 

127 
53.81 

69 
64.49 

112 
94.92 

66.51 

Particles 
Having Width 
> Passing 
Aperture 

70 
82.35 

45 
77.59 

136 
78.16 

136 
63.85 

151 
82.51 

171 
48.03 

163 
33,33 

88 
37.29 

61 
57.01 

98 
83.05 

64.31 

Particles 
with Width 
< Passing 
Aperture 

15 
17.65 

13 
22.41 

38 
21.84 

77 
36.15 

32 
17.49 

185 
51.97 

326 
66.67 

148 
62.71 

46 
42.99 

20 
16.95 

33.50 

Particles 
with Width 
> Passing 
Corridor 

45 
52.94 

8 
13.79 

3 
1.72 

6 
2.82 

8 
4.37 

5 
1.40 

0 
0.00 

1 
.42 -

1 
.93 

8 
6.78 

8.52 

Pcirticles 
with Both 
Dimensions 

\0.^a^^I^^ 

0 
0.00 

6 
10.34 

8 
4.60 

8 
3.76 

0 
0.00 

17 
4.78 

40 
8.18 

9 
3.81 

8 
7.48 

0 
0.00 

4.30 

Particles 
Width 

< Passing 
Corridor 

40 
47.06 

50 
86.21 

171 
98.28 

207 
97.18 

175 
95.63 

351 
98.60 

489 
100.00 

235 
99.58 

106 
99.07 

110 
93.22 



1 

that do not react with the material to be sieved and the sieve. Elutants 
should be presaturated before use so that it does not act as a solvent for 
the material to be sieved. When the elutant is used as a solvent for formu
lated material the elutant should be frequently changed so that upon drying 
the elutant does not leave a residue. 

Sieve analysis should not be performed on material that has a length/width ratio 
greater than about 2 because the reliability of describing such a powder's -n 
is not good. Sample size should be based upon the amount of material retained 
on each sieve and those that retain the most should be thoroughly .studied to 
determine if retainment is due to overloading. Additionally, sieves that retain 
the most material of near-mesh size should be observed to determine sieving time. 

Aut(5matic Sieving Apparatus 

Particle size work at Pantex has been concerned with developing re.iatively 
efficient, accurate and reproducible methods of charac1.erizin(j pari iculate 
explosive materials. One method developed at Pantex and adopted b̂ ; various 
agencies has been wet sieve analysis ranging from 2000 to ly. Due to powder 
distributions being in the 380y and below range, a nest 180 tlirougli lOy 
electroform sieves are required for a standard distribution analysis. In order 
to conveniently perform a wet sieve analysis an instnament was devised tc perform 
this test. 

While using the sieving procedure, the motions needed to get a good analyssis 
were studied to help give a clue to the agitation modes that would be needed for 
a sieve washer. The study revealed three motions were needed to avoid "llind-
ing," etc. and to obtain fast, reproducible results. These were: (1) rc.tation; 
(2) a thumping action (vertical agitation); and (3) a slight vibration action 
on the side of the sieves. These motions were incorporated into the sieve washer 
shown in Fig. 1. 

This apparatus was designed to hold two stacks of 14 electroformed sieves. The 
controls for the different agitation modes are contained in the panel on the 
right of the apparatus. Point "A" marks the controls for the rotation of the 
sieves. The vibration is introduced to the sieves by two means: (1) a 
vibrator "H" whose controls are mounted at "B" and (2) a set of tappers at 
"E" with controls at point "C". The vibrator "H" may be positioned at any of 
the 17 positions on bar "D" to get the most efficient vibration into the sieves; 
also, the tappers may be removed or added to get the most efficient combination. 

The regulators and speed adjustment are shown mounted on the control panel for 
each mode of agitation. This instrvment has capabilities of horizontal motion 
obtained through the side motion of the entire sieve carriage and is not used 
due to overflow and a disadvantageous particle action. 

The elutant is introduced into the sieves at "I" through a spray nozzle mounted 
in the cover over the sieves. The elutant is kept in a tcink connected to the 
sieve washer at point "F", a flow control value. 
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Figure 1. Pantex sieve washer with 14 sieves on one side. 
Control panel for the vibration and rotation 
modes of agitation shown at the left. 
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Many experiments have been performed with this apparatus to find the sieving 
end-point at several control settings. A complete set of experiments to obtain 
control settings and flow rates were carried out. 

The sieves used in the above-mentioned procedure, and in the sieve washer, need 
to have a small hole drilled in the side to prevent an elutant lock in the 
stack. Fig. 2 shows the preparation needed for the sieves; that is, crimp in 
the bottom lip and a hole in the top. This is needed to obtain a correct flow 
rate through the sieves. 

The following procedure will describe the technique for sieving HMX. The 
apparatus meter settings will be covered in Part A and sample preparation, 
elutant, and sieving 

A. Apparatus Meter Settings 

1. Pressure settings 

(a) Rotation - approximately 60 psi 

(b) Vibration - approximately 60 psi 

(c) Tapper - approximately 35 psi (about 450 cpm) 

(d) Elutant Tank - approximately 3 psi 

2. Elutant Flow 170 to 200 ml/min. 

B. Procedure 

1. Preparation of Sample 

(a) Dry sample in vacuum oven for at least 2 hours to remove moisture. 

(b) Place the sample in approximately 150 ml of isobutyl acetate 
saturated with HMX. 

(c) Put the sample in the ultrasonic vibrator until there are no visible 
signs of agglomerate (no longer than 5 minutes because of crystal 
destruction after this period), If periods of ultrasonic vibration 
are longer than 5 minutes in order to disperse sample then pre-
shaking may be necessary, A wrist-action shaker does not damage the 
particles and extended time in the elutant does not seem to be 
detrimental. 

(d) Keep the sample well agitated and covered untii used. 
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Preparation of Elutant 

(a) Isobutyl acetate should be saturated with BMX for at least 24 hours 
before filtering. 

(b) During HMX saturation if a dispersant is used t±en it should also 
be added before filtering so proper saturation of HMX may be accon-
plished. 

(c) Saturate isobutyl acetate at temperature used for sievirg. 

(d) Filter the elutant to remove excessive HMX and dispersant. 

(e) After filtering avoid evaporation and temperature change. 

Procedure for Sieving 

(a) Place the weighted sieves (180 to lOy) in a stack on tiie Pantex 
S ieving Apparatus. 

(b) Turn on rotation and vibration. 

(c) Pour the sample through the stack of sieves. 

(d) Wash sample container with 50 to 75 ml of elutant as soon as 
possible. 

(e) Turn on tappers and place cover over the sieve stack. Turn 
tappers on as soon as possible after putting sample in stack so the 
elutant does not build up on 10 and 20y sieve. 

(f) After most of initial elutant has passed lOy sieve turn on elutant 
flow. 

(g) Pass about 1300 ml of elutant through the sieve stack. 

(h) Turn off vibrators 

(i) Additional elutant will pass through with rotation and tappers 
on. When flow ceases turn off tappers and rotation. 

(j) Remove sieves and inspect for HMX splashed on sides and bottom of 
sieves. When necessary wash down the sides with a squeeze bottle 
and wash all HMX on the bottom of the sieve' into the lower sieve. 
This may accumulate some elutant whidh may be removed by agitation. 

(k) Centrifuge all elutant passing lOy sieves. »' 

(1) Dry sieves and centrifuge tubes in vacuum oven until all isobutyl 
acetate is removed. 

(m) Weigh sieves and centrifuge tubes. 
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(n) Calculai:e as percent retained or as percent passing. 

Preparation of Freon B.F. for use as an elutant for the 2, 4, 6 jind 8 
sieves 

(a) Using a given volume of Freon B.F., add 10% isobutyl acetate. 

(b) Add '^ 1 gram "Thixcin R" to each 500 ml of solution and sa1:iirate on 
wrist action shaker for 20 minutes. 

(c) Saturates with HMX and filter with No. 42 Whatman filter paptsr. 

Procedure for Sieving with 2, 4, 6 and 8 sieves. 

(a) Take a sample of the HMX that has been centirifuged and dried. 
(Retaincjd as <10y) 

(b) Weigh tlie total sample (may already have weight) . 

(c) Frcm this sample, weigh out approximately 0.4 grams of HMX cind put 
in 25 ml of Freon B.F. in a weighted flask. 

(d) Place tJie solution with HMX into ultrasonic vibrator and ag;.tate until 
agglomerates have been broken apart (approximately 3 Tiinutes!) . 

(e) Place t)ie 10, 8, 6, 4, 2y sieves on the sieve washer. 

(f) Pour thij HMX and solution into the lOy sieve and start washi.ng the 
HMX through the sieves. Tap on the side of the sieves to prevent 
cloggintj. Weigh the HMX residue and beaker. Keep covered \n.th lid 
cr size large sieve to prevent evaporation. 

(g) Wash the HMX in each sieve thoroughly as previously described for 
the >10y. However elutant'is added by squeezing bottle. Total 
added 100 to 200 ml. 

(h) Centrifuge the material fron t:he solution passing the 2y sieve. 

(i) Dry and weigh sieves and centrifuge tubes. 

(j) Repeat steps (a) through (i) for two additional 0.4 gram samples 
frcm the large sample of HMX for repeats if necessary. 
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ultrasonic Vibration 

Due to the severe agitation action of the ultrasonic vibrator, HMX crystals have 
been found to shatter and grind into smaller particles. Two experiments per
formed (June 1964) clearly show the attrition of HMX particles by prolonged 
ultrasonic vibration. The first experiment was to collect 5 grams of class 
A HMX being retained on various sieves and then agitated in the vibrator for 
various times; the second was to use two HMX lots subjected to four different 
treatments in the vibrator. 

The first experiment was carried out as follows: Lot 591-63 was sieved and 5 
grams of HMX collected for the 250, 177, 125, 105, 88, 74, 62 and 44y sieves. 
Each 5 grams of HMX was placed in a 125 ml flask with 100 ml of elutant and 
vibrated for thirty minutes in 5 minute increments. The results Indicate that 
particle attrition is dependent on size and duration. These results are shown 
in Fig. 3. Since coarser particles are the most effected, '̂--60% of the original 
250y particles reduced in size during the first 5 minutes. Another study was 
made to see the effects in 1 minute increments. The results are shown in Fig. 4; 
they indicate that the minimum time should be used. 

The second experiment was set up with the following treatments for two undistri
buted batches; 

1. Standard treatment of 5 minutes in ultrasonic @ 35 ma and flask on tank 
bottom. 

2. Flask suspended in tank, shaken with wrist-action shaker while ultrasonic 
vibrator apparatus operates @ 30 ma for 2 minutes. 

3. Violent ultrasonic vibrator action @ 50 ma for 15 minutes 

4. Wrist action shaker for 5 minutes. 

The results are shown in Fig. 5 and 6; they show that the greatest distribution 
change occurred during treatment #3. Microscopy indicated adequate dispersion 
of agglomerates achieved with treatments #1 and #2, while treatment #3 shatters 
the particles and #4 does not adequately disperse agglomerates. 
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F i g . 3 . HMX P e i r t i c l e A t t r i t i o n Dur ing V a r i o u s U l t r a s o n i c V i b r a t i o n Tijaes a s F u n c t i o n of P a r t i c l e S i z e 

P a r t i c l e S i z e 

G - 62-44 y 

D - 88-84 

+ - 88-74 

A - 177-125 

• - 105-88 

• ' - O - ^ O - 125-105 

' ^ - - . Q ^ ® - 74-62 

^ ^ ^ ^ * - 2 5 0 - 1 7 7 

^•-^ H - 3 5 0 - 2 5 0 y 

1 0 0 

90 -

80 -

73 
0) 
c 

x: 

70 

60 

50 

40 

30 

20 

10 

U l t r a s o n i c V i b r a t i o n D u r a t i o n Time (Minutes ) 
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i 

Fig. 4. HMX Passing lOSp retained on 74u sieve and subjected to different times in ultrasonic vibrator. 
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PAHTICLE CHARACTEHIZATION 

f-ERCULES SUPPLIED HMX 
HMX 961-5 E 

CRYSTAL DENSITY : 1,9000 G/C*^«*3 

^0 OF SIEVE ANALYSES = 1 
NO OF yJB'AMALYSES FOH ANALYSIS 1 = 

A N A L Y S I S 1 

( H i C H C M ) 

lao 
ItjO 
1.5 0 
lUO 

yo 
dO 
70 
60 
50 
40 
30 
•po 

10 

1 C E N T R I F U G E 

1 

SIEVE SIZE 
(KICHCV) 

S 
_ «• 

4 
2 

CENTRIUJGE 

SIEVE HEIGMT 
(GHAM) 

77.9791 
81il302 
79,5839 
7B.6729 
80,7288 
80.9937 
81,0242 
82,0584 
81.5646 
80,2376 
81.4280 
80,0283 
80.9327 

43.9635 

#, 

78,5858 
78«6696 
77,7948 
77,0344 

SIEVE • WEIGHT 
RETAlNED(t«HAM) 

77,9376 
81.1418 
79,5970 
78,*>9iJ4 
80,7654 
81,01*'4 
81.0565 
82,0898 
81,5913 
80.28^0 
81,4972 
80,1455 
81.3646 

46,3530 

78,6062 
78.8314 
77,80^3 
77,0840 

t 11,0523 11.0552 

JlEVfc A>JALYSIS 

UATc : 09/08/72 



PAHTICLE CHARACTERIZATION • SIEVE A'JALYSIS 

'-EHCUL6S SUPPLIED HMX 
HMX 961-5 E 

CRYSTAL DENSITY : 1,9000 G/CH.*3 

'̂ 0 OF SIEVE AMALYSfcS = 1 
vO OF SJB-ANALYSES FOH ANALYSIS 1 = 

DATE : 09/08/72 

A N A L Y S 1 S 1 

SIEVE SIZE 
( M i C R C M ) 

IdO 
150 
1 50 

luO 
90 
80 
70 

6° 
50 
40 
30 
pn 
10 

SIEVE WEIGHT 
(GRAM) 

77,9791^ 
81.1302' 
79,5839 
78,6729 
80,7288 
8U.9937 
81,0242 
82,0584 
81,5646 
80,2376 
81,4280 
80,02f>3 
80,9327 

SIEVE • WEIGHT 
RETAlNED(GRAM) 

77.9876 
81.1418 
79,5970 
78,691^4 
80,7654 
81,0104 
81,0565 
b2,Q«98 
81,5913 
80.28-sO 
81,4972 
80,1455 
81.3646 

I CENTRIFUGE 

SIEVE SIZE 
(ClCHCN) 

8 

-4 
2 

CENTRIFUGE 

t_ 

43,9635 

78.5858 
7««6696 
77,7948 
77,0344 

11,0523 

46,3530 

78,60^2 
78.8314 
77,80i'3 
77,0840 

11.0552 



HAWTICLt CHARACTERIZATION - SIEVE AMAUTSIS 

HFHCULbS SUPPLIED HMX 
HMX 961-'5 E 

CRYSTAL DENSITY 1,900U G/C^'-a UATE J OV/08/72 

SIEVE 
SIZE 

(MICRON) 

180 
I5O 
130 
100 
90 
80 
70 
60 
50 
40 
3Q 
20 
10 

<10 

A R I T H ^ E A N 
GEOM. MgAM 

WEIGHT 
RETAINED 
(3R*M» 

0.0135 
0.0158 
O.OI73 
0,0199 
0.0272 
0.0227 
n.0206 
0.0332 
n.03l9 
0.0336 
0.0714 
0.1201 
0.4797 
2.3963 

10.2711 
10.0992 

ANALYSIS 1 

W t l G H T » 
K E T A I N E D 

0.41 
0.48 
0,52 
0.60 

• 0.«2 
0,69 
0.62 
1.01 
0.97 
1,02 
2,16 
3.64 
14,52 
72.54 

ACCUM. 
WEIGHT » 
HETAI^EC 

0.41 
0,89 
1.41 
2.01 
2.84 
3,52 
4,15 
5,15 
6.12 
7.14 
9 .30 

1 2 , 9 3 
27.46 
100.00 

WtlCiHT 
RETAINED 
i G'S'-n 1 

0.0077 
0,0092 
0.0123 
0.0136 
0,0235 
0.0173 
0.0197 
0.0178 
0.0247 
0.0300 
0,0619 
0.1128 
0.4481 
2.4663 

8.2'>26 
8,09!>2 

ANALYSIS ? 

.<tIUHT % 
RETAINED 

0,24 
0.2s 
0.39 
0,42 
0.72 
0.53 
0.60 
0.55 
0,76 
0,92 
1,90 
3.45 
13,72 
75,54 

ACCUM. 
WEIGHT « 
nc 1 « J .\( 1- w 

0.24 
0.52 
0,89 
1,31 
2,03 
2,56 
3,16 
3,71 
4,4/ 
5,3B 
7,2o 
10.74 
24,46 
100.00 

DIFF IN 
WEIGHT « 

0.173 
0.197 
0.147 
0.186 
0.104 
0,157 
0.02U 
0.460 
0.209 
0,098 
U.2od 
0.181 
0.798 

-2.995 

C0M8INED ANAtYStS 

C3M3l>JtD 
-T.^HET, 

i G T-">i; 

0.0212 
0,0250 
0.02,6 
0,0335 
0,0507 
0.0400 
0,0403 
0,0910 
0,0966 
0,0636 
0,1333 
0.2329 
0,9278 
4,8626 

9,2677 
9.1031 

WEIGHT % 
R E T A J N E D 

0,32 
0.38 
0,45 
0 51 
0 77 
0)61 
0,61 
0.78 
0,86 
0.*7 
2,03 
3.59 
14,13 
74.03 

PERCENT 
CO*RSEK 
Tn^pj 

0.32 
0,70 
1.15 
1.66 
2,44 
3.05 
3.66 
4.44 
5.30 
6,27 
8,39 
11,84 
25.97 
100.00 

PERCENT 
F INER 
Tn*N 

99,66 
99,30 
98,89 
98,34 
97,56 
96,99 
96.34 
99,56 
94,70 
93,73 
91,71 
88,16 
74,03 
0.00 

ELUDTANT USED 

METHOD 3F SIEVING 

SIEVING TIME-MIN 

ISORUTVL ACETATE 

PANTEX AUTQWASH 

25. 

LLTRASCNIC V n ^JMt.hlN 1.0 

SAMPLE WEIGMT-GRAM 5.0166 >weT» 

fYPt OF SIEVES USED ELECTRO FORM 

ISOaUTVU ACETATE 

PANTEX AUTOWASH 

29,0 

1.0 

5,0013 iWETt 

ELECTBn FQBH 



FA^JTlTL- CHASACTfcSi i A f ION • a l f c i / t A^JA^"'Sl3 

I-ERCULF5 SUPPL IED H H X 

^MX 9 6 1 - ' 5 E 

CRYSTAL DENSITY ; 1 , 9 ) 0 0 5 / C " ' » * 3 JATE 0^/01^72 

\n OF blEVE AMALYSPS s ? 

NO OF bJ8-AMALYSE3 FOR AiiALYSIS 1 = 1 -

\0 OF SJB'AMA._YSES FOB ANALYSIS 2 = 1 

ANALYSIS 1 

S I E V E S I Z E 
(MlCROM) 

1 8 0 
1 5 0 
130 
1 0 0 

9 0 
80 
70 

«o 
5« 
40 
30 
20 _ 
10 

:ENTRtfr JGE 

I 

ANALYSIS 2 

S I E V E wfclGMT 
(3KAM) 

7 7 . y ' * : ^ 3 
B l » l 3 3 ' 
7 9 . b 9 n i 
7H .67 f t t t 
8 0 . 7 3 1 0 
8 U . 9 V R 9 
61 .02»>3 
a 2 . 0 M 4 
8 1 . 5 6 6 3 
8 0 , 2 3 9 - 5 

. 8 1 , 4 3 4 1 
8 0 . 0 3 1 4 

R n , 9 i ' > 4 

., • 4 3 , 9 5 4 2 

S I E V E • Wt lQHT 
RET 

, 

--

AlNEr i (GHAM) 

7 7 . 9 9 6 8 
b l . 1 4 9 5 
7 9 . 6 0 7 4 
7 f i . 6 9 6 7 
8 0 , 7 5 r t 2 
8 1 . 0 2 1 6 
a l . U 4 6 9 
8 2 . 0 9 4 6 
6 1 . 5 9 i ? 2 
8 0 . 2 7 3 1 
8 1 . 5 0 ' ? 5 
8 0 . 1 5 1 5 
b l . " ! ' ! 

4 6 . 3 5 u 5 

SIEVE S.IZE, 

(MtC^G^J 

1^0 

130 
1110 

ao 
7 8 

^fl — 

4«. 

30 

20 

10 

CF^THI^JGE 

SIEVE WhlGuT 
OhAM) 

77.9791 

Hl'13O0 
79.5H48 
7H.6725 
«n , 7 2 H 5 
diJ.9V55 
81>0240 
82,05=^5 
81.5632 
SO ,23 7b 
R1.42'!5 
80.0290 
80,9341 

S I E V E < 
RET 

. ' U T r i T 
AlNELIKiHAMI 

77 
8 1 
79 
78 
8U 
8 1 
8 1 
8 2 
B 1 

80 
8 1 
8 0 
8 1 

9 8 6 8 
1 3 ^ 2 
5 9 / 1 
6 8 f e l 
/ 5 2 Q 
J l i O 
J 4 3 ; 
.1763 
b y / v 

? 6 ' 6 
49U4 
1 4 1 8 
3B<i2 

AX' O A ^ S •» ^_, 4^ , ^6^6 



PAHTICLE CHARACTERIZATION • SIEVE ANALYSIS 

HERCULES SUPPLIED HHX 
HMX 961-5 E 

CRYSTAL DENSITY I 1.9000 G/CM*«3 DATE I 09/08/72 

SIEVF 
SIZE 

( M I C R O N ) 

180 
130 
130 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 

<10 
8 
6 
4 
2 

WEIRHT 
RETAINED 
(3R*M> 

0.0184 
0,0l83 
0,0211 
O.OI92 
0.0294 
0.0277 
0.0297 
0.0362 
n.0341 
0.0469 
0.1066 
O.I7O6 
0.7505 
3.8570 
0.4676 
1-9845 
0-6717 
0-T069 

ANALYSIS 1 

WEIGHT % 
RETAINED 

0,36 
0,35 
0.41 
0.37 
0,97 
0,54 
0.90 
0.70 
0,66 
0,91 
?,07 
3.31 

14.94 
74,72 
9.06 

38-45 
13-01 
13.69 

ACCUM. 
WEIGHT ( 
RETAINED 

0.36 
O.7I 
1.12 
1,49 
2.06 
2.60 
3.10 
3.80 
4.46 
5.37 
7,43 

10.74 
25.28 

100.00 
34.34 
72-78 
85-80 
99.49 

WEIGHT 
RETAINED 
(GHAMJ 

0.0194 
0,0140 
0,0177 
O.OlaZ 
0,0236 
0.0226 
0,0293 
0,0367 
0,0323 
0,0407 
0,0751 
0,1154 
0,4658 
2,4027 

ANALYSIS 2 

WblGHT t 
RETAINED 

0,47 
0.42 
0.54 
0.59 
0,71 
0.69 
0.77 
1,11 
0,98 
1.23 
2,27 
3,<9 
14.09 
72,69 

ACGUM. 
WEI3HT ( 
HETAINED 

0,47 
0,89 
1,^2 
1,98 
2,69 
3.3? 
4.14 
5,25 
6,23 
7,46 
9.73 

13,22 
27,31 

100,00 

DIFF IN 
WEIGHT % 

•0.109 
-0,069 
.0,127 
-0.179 
-0.144 
-0.147 
-0.267 
-0.409 
-0.317 
•0.323 
•0.207 
•0.186 
0.448 
2.039 

COMBINED ANALYSIS 

COMSINED 
WT. RST, 
(GRAm 

0.0338 
0,0323 
0.0383 
0,0374 
0,0930 
0,0903 
0,0910 
0,0729 
0,0&64 
0,0876 
0,1817 
0,2S60 
1,2163 
6,8997 

WEIGHT « 
RETAINED 

0,40 
0,38 
0>6 

0* 0.63 
0,55 
0,60 
0,86 
0,78 
1.03 
2,15 
3.38 

14.36 
73,93 

PEHCINT 
CnAoSER 
THAN 

0,40 
0,78 
1 24 
1,68 
2,31 
2,99 
3,50 
4,36 
5,15 
6.18 
8,33 

11,71 
26.07 

100.00 

PERCENT 
F ; N 6 R 

T H * N 

99.60 
99.82 
98,76 
?!.̂ -2.. 
97i69 
97,10 
96,50 
95,64 
94,89 
93,82 
91,67 
86,29 
73,93 
0,00 

<2 0-0263 0'9l 100-00 

A R I T H KEAN 13.1236 

G E O M . MEAN . 1 2 . 8 9 0 1 

E L U D T A N T U S E D 

METHOD aF SIEVING 

SIEVING TIHE-MIN 

10,3487 
10,1807 

9,2555 
9.0099 

ISOBUTYL ACETATE 

PANTEX AUTQWASH 

29,0 

ULTRASONIC VI9 TIME-PIN 1.0 

SAMPLE WEIGHT-GRAM 8.0006 SWET* 

lYPE OF SIEVES USED ELECTRO FORM 

ISOBUTYL ACETATE 

PANTBX AUTQWASH 

29 

ItO 

5.0340 SWET* 

ELECTROFORM 



PAHTICLE CMARiCTE-< I ̂ *T 1 Oî  - J1 = '£ Avi^TSiS 

HERCULES SUPPLIED H^x 
HMX 961»5 £ 

CRYSTAL- DEMSITY 1 1.9000 G/C'^**3 

KO tlF SIEVE A M A L Y S E S = 2 

NO OF SJB-ANAtYSES FOH ANALYSIS 1 = 2 

SO OF S J B - A N A L Y S E S FOf. A.MALYSIS 2 = 1 

ANALYSIS 1 

SIEVE SIZE 
(MiCRCNI 

18S 
150 
130 
100 
9S 
80 
70 
6S 
90 
40 
30 
20 
10 

CE^TRI^ JGE 

t-

SIEVE SIZE 
(KlCCN) 

« 
« 
4 

i 
CEhTRI.HJGF,._ 

1 . 

ANALYSIS 2 

SIEVE WEIGHT 
(GfiAH) 

77,9864 
81-1350 
79,5941 
78.68"! 
80,7328 
81,0030 
81.0278 
82.06i2 
81.5687 
80.2426 
81.4340 
80.0318 
80.9459 

' 

43,9320 

'' 78.5865 
74.6675 
77.7927 
77.0324 

11.0506 

-

SIEVE • -iblSHT 
RET»iH£n(GHAM) 

78,00*8 
81.1533 
79,6152 
78.6993 
80.7622 
81.0307 
81.05J5 
82.0994 
81,60^8 
80,2895 
81.5406 
80.2024 
81.6964 

47.78'0 

78,6078 
78.7579 
77.8233 
77,06*6 

11.0518 

SIEVE SIZE 
(MlCRC^) 

180 
150 
130 
100 

90 

eo 
70 
60 

SIEVE MfclUHT 
(S)<AMI 

7 7 , 9 7 6 4 
8 f l 2 6 8 
7 9 , 5 8 4 5 
7 8 . 6 7 0 2 
8 0 , 7 2 4 * 
8 0 . 9 9 5 4 
8 1 , 0 2 0 5 
8 2 , 0 5 5 6 

S I b V t • w t l G M T 
R E T A l N f c u l J H A M ) 

77.9916 
ei.i«ub 
79.60^2 
78,68^* 
80.7480 
81.0180 
81,0438 
82,09^3 

04TE I 09/0d/72 

-4*^ 



40 80,2359 80,2766 
30 81,4278 81,5Q29 
20 60,0281 80.1435 
10 60,9969 81.4027 

CENTRIFUGE 

1 43,9490 46.3477 

H 
I 



HERCULES SUPPLIED HMX 
I O O T HMX 961-5 E 

90-

80--

70-

60 

Li) 
Kl 
I—I 

LU 
> 

Ul 

LO 

z 
cr 
X 

h-

z: 
" 50 + 
.^• 

CI 

z 
^ 40 + 

n 
z 
CI 30 + 
( - -
Lil 

or 
i 

•"̂ ' 2 0 -
h-
~3t 

I_L 1 -r - r ± i t_ 
8 10 20 30 40 50 60 yO 80 90 100 130 150 180 >I80 

SIEVE SIZE [MICRONS] 



I O O T 

9 0 -

80--

70 -

60-

SO • 

4 0 -

III 
INJ 
I — I 

if) 

> 
LJJ 
t—I 

cr 
X 
I--

z: 

n z 
I I 

a 
i j i z 
CI 30 + 

ul 

2 0 -

I0--

HERCULES SUPPLIED HMX 
HMX 96 1-5 E 
LEDGER • RNfiLYSIS I 

RNfiLYSIS 2 -

r̂  
h-

-L ' > - - K — —v—^-
8 10 20 30 40 50 60 10 80 90 

SIEVE SIZE [MICRONS] 
100 130 150 180 >I80 

1-9 



IOOT 

ID 
N 

1x1 
> 
LU 
I—I 

CC 

LU 

LL 

90 

8 0 -

7 0 -

60-

50 

Q 
Z 
^ 40 

Q 
UJ 
Z 
I—I 

cr 30+ 
h-
UJ 

cr 
^ 20+ 

HERCULES SUPPLIED HMX 
HMX 96 1-5 E 
LEDGER • RNfiLYSIS I -

RNfiLYSIS 2 

I — " 1 ~1 I- -
0 10 20 30 40 50 60 70 80 90 100 130 150 180 >180 

SIEVE SIZE [MICRONS] 

i-io 



PAHTICLE C M A B A C T E R I Z A T I O N • SIEVE ANALYSIS 

HERCULES SUPPLIED HHX 
hMX 930-6 SAMPLE 1 6HGF 62"57 

CRYSTAL DENSITY I 1,9000 G/CM««3 D*TE « 09/08/72 

SIEVE 
SIZE 

(HICRON) 

180 
I5O 
130 
100 
90 
80 
70 
69 
50 
40 
30 
20 
10 
<10 

WEIGHT 
«ET*INED 

(QRAH) 

0.0197 
0.0239 
8.0231 
0.0251 
0.0362 
0,0350 
0.0376 
0.0601 
0.0884 
9.1397 
0.2999 
0.2638 
0.4896 
2.4398 

ANALYSIS I 

W E I G H T % 
RETAINED 

0.9Q 
0,60 
0,98 
0.63 
0,91 
0,»3 
0.95 
1.91 
2,23 
3,42 
7,46 
6,65 
12.24 
61,49 

PERCENT 
Co*RSER 
THAN 

0,50 
1.10 
1.66 
2,31 
3.23 
4.06 
5.01 
6.52 
8,75 
12.17 
19.62 
26.27 
38.51 
100.00 

A R I T H fEAN 15.9711 . 
V GEOH. MEAN 19.3718 

ELUDTANT USED ISOBUTVL ACETATE 

HETHOD OF SIEVING PANTEX A U T Q W A S H 

SIEVING TlME-m^ 29,0 

ULTRASONIC V H TIHE-HIN 1.0 

SAMPLE KEIGHT-GRAH 5.0346 iWET* 

TYPE OF SIEVES USED ELECTRO FORM 

e 



PARTICLE CHARACTERIZATION 

HERCULES SUPPLIED HMX 

HMX 930-6 SAMPLE 1 6HGF 62-57 

CRYSTAL DENSITY I 1,9000 G/CM**3 

NO OF SIEVE ANALYSES • 1 
NO OF SUB-ANALYSES FOR ANALYSIS 1 » 1 

ANALYSIS 1 

SIZE 
RONJ 

180 
150 
130 
100 
90 
80 
70 
60 
50 
40 , 
30 
20 
10 

SIEVE WEIGHT 
(8RAM) 

77,9760 
81.1265 
79.5824 
78,6710 
80,7249 
80,9923 
81,0214 
82,0547 
81,5609 
80,2360 
81,4229 
80,0275 
80,9342 

SIEVE * WEIQH 
RETAlNEOCGRAM 

77,9937 -
81,1504 
79,6055 
78,6961 
80,7611 
81,0253 
81,0590 
82,1148 
81,6493 
80,3717 
81,7188 
80,2913 
81.4198 

CENTRIFUGE 

1 43,9468 46,3866 

EVE ANALYSIS 

DATE t 09/08/72 

ti 



PARTICLE CHARACTER I ZAT 10*1 > SIEVE ANALYSIS 

(•FRCULES SUPPLIED HtX 
t-nx 938-6 SAMPLE 1 ftHGE 62«97 

CRYSTAL DENSITY I 1.98^« S/CX**3 UATE I 09/08/72 

ANALYSIS 1 AMA1.YSIS 2 COMBINED ANALYSIS 

SIEVE 
SIZE 

INlCRO,hl 

!•• 
15^ 
13^ 
!•• 
9^ 
• • 
7* 
6> 
SI 
4» 
3^ 
£• 
!• 

<!• 

UEIBHT 
RETAINED 
CSRAMI 

8.8217 
a.8235 
8.8278 
8.8287 
8.8337 
8.8315 
8.8353 
8.8651 
•.•984 
8.1619 
•.?712 
8.2482 
8.4766 
2.3538 

ARITH HEAN 16.3229 
GECN. REAN 16.1215 

ELUDTANT USED 

HETHOD 3F SIEVING 

SIEVING TINE>XIN 

WEIGHT m 
HETAInEO 

8.96 
•••l 
8,72 
• .74 
• .87 
• .81 
•.91 
1.68 
2.54 
4.18 
7.0^ 
6,4^ 
12.29 
6^,7a 

ACCUM. 
HEIGHT I 
RETAINED 

• .56 
1,17 
1.8* 
2.62 
3.49 
4.31 
5,22 
6.9a 
9.43 

13.61 
2^.61 
27.•I 
39.30 
la^.^o 

ISOBUTYL ACETATE 

PANTEX AUTQWASH 

29,8 

ULTRASONIC V M TI'K'PIN 1.0 

SAMPLE WEIGilT-GRAI 5.0018 >ltET* 

IVPE Of SIEVES USED ELECTRO FORH 

WEIGHT 
RETAINED 
IGRAM I 

8.0188 
•.•177 
•.•2tl 
•.•232 
•,•286 
•.•259 
•.•4X6 
•,•542 
•.•855 
•.16«4 
••26^8 
•.2622 
•,5095 
2,3998 

14,9922 
14,7890 

WblUHf S 
RETAINED 

0,48 
0,45 
0.51 
0,^9 
0.73 
0,66 
1.06 
1,39 
2.19 
4.10 
6,67 
6.71 
13,04 
61.40 

AfCU"' 
WEIGHT S 
RETAINED 

0.48 
8,93 
1.45 
2,04 
2.77 
3,44 
4,50 
9,89 
a.oa 

12,18 
18.85 
25,56 
3S,6'0 
100,00 

ISOBUTYL ACETATE 

«>ANTEX AUTOUASH 

25 

1.0 

5.0151 >WET» 

ELECTRO rORM 

L)it-> lit 
riEIQHT S 

0.079 
0,153 
0.203 
0.147 
0.138 
0,150 

-0.154 
0.293 
0.351 
0.072 
0.323 

•0.306 
•0.742 
-0.705 

UOHSlNbO 
WT, KIT, 
(GRAM) 

0.0405 
0,0412 
0,0479 
0,0519 
0,0623 
0,0574 
0,0769 
0,1193 
0.1839 
0,3223 
0,5320 
0.5104 
0,9861 
4,7529 

15.6549 
15,4525 

welvriT % 
RETAINED 

0.52 
0,53 
0,62 
0,67 
0,80 
0.74 
0.99 
1.53 
2,36 
4.14 
6,83 
6,56 
12,67 
61,05 

CO'^ROER 
THAN 

0,92 
1.05 
1,66 
2,33 
3.13 
3,87 
4,86 
i,i9 
8,75 
12.89 
19,73 
26,28 
38,95 
100,00 

PEUCkNT 
riNiR 
TM*N 

9 9 . 4 8 
9 8 , 9 5 
9 8 , 3 4 
9 7 , 6 7 
9 6 . 8 7 
9 6 , 1 3 
9 5 , 1 4 
9 3 , 6 1 
9 1 , 2 5 
8 7 , 1 1 
8 0 , 2 7 
7 3 , 7 2 
6 1 , 0 5 

0,00 

JL __-



HAl^TlCLb C H A B A C f c " ! NATION - S I E V E A N A . r s l S 

l-ERCUL*-S SUoPtl^D HMX 

i-ix 93'j'6 SAHOLE 1 »hr,F 6?-57 

J S T S T A L D F N T I T Y ; l , 9 i l O 0 i . / C ^ ^ ' S 

\ n nr ; i fcVE A^JALI 'SFS = ' 

vn O F •) J8-AMA.YSE3 FOM AM4LYSIS 1 i 1 

\0 TF -) JB-AMA^YSES FOH iNAi.ViIS 2 = 1 

ANALYSIS L 

= I E V E S I Z F 

( • • ICHL"* ! 

1 3 3 

I b O 
1 JO 
1 3 0 

SO 
•50 

/o 
ftO 
bO 
40 
JO 
20 

10 

. E M H I k JGE 

I 

A M A L T S I S ? 

S I E V E o I Z F 

( C l C T ' O 

ld-0 
I b O 
ITO , 
l uO -

90 
<J0 

/o 
60 
50 
40 
i O 
^0 

10 

JENTUl f JGE 

S I E V E nEIGk-T 
(Sl<AM) 

7 7 , 9 H 4 6 
i » l . t 3 4 5 
7 9 . 5 * ? 1 
7 H . « > 7 H U 

« 0 . 7 J 1 6 
H l . O D V l 
R 1 . 0 2 s i 
8 2 . 0 6 2 7 
8 l , 5 h h 4 
S O . 2 3 9 8 
8 1 . 4 J 4 0 
« 0 , 0 J 1 4 

« U . 9 4 - i l 

4 J . 9 i f r 6 

. 
S I S V E «bIG>JT 

(ShA 11 

7 7 , 9 7 ' , 6 

8 1 ' 1 2 ! > 8 
7 9 . 5 B 2 1 
7 S . 6 7 n 7 
rti).72')6 
tf0.99?2 
8 1 . 0 2 1 U 
8 2 , 0 ^ ' > 4 
8 1 , 5 6 1 1 
flU.2J'i9 
8 1 . 4 2 7 2 
8 J . 0 ? 7 2 
e,\i,9ii-i 

S I E V E • - e l l . " ' 
RETAlNfcDIuHAM) 

7 f l . Q 0 o 3 

a i . l 5 d O 
. 7 9 . 6 1 ^ 9 

7 8 . 7 0 ' ' 7 
8 0 . 7 6 ' ' J 
8 1 , u 3 2 b 
8 I . C 1 6 I S 
8 2 , 1 2 ' a 
8 1 . f c 6 * d 
8 0 , 4 0 1 7 
8 1 , 7 0 ^ 2 
8 0 , 2 7 9 6 
8 1 . 4 1 9 7 

4 6 . 2 8 9 6 

S l t V t • X C H J H T 
H f e T A l N E D f i H A M ) 

7 7 . 9 9 4 6 
8 1 . 1 4 3 5 
7 9 . 6 0 ^ 2 
7 8 , A 9 ' 9 
8 0 , 7 ^ 4 2 

8 1 , n - * ! 
1 ) 1 , U 6 i 6 
8 2 . 1 0 V 6 
d l , ^ 4 • : 6 
8 IJ . J 9 1 3 
8 1 , 6 8 ' ' 0 
o 0 , ? 8 ' ' 4 
0 1 , 4 4 3 4 

1 4T,9'370 46,15^8 

^ 

JATt : Ov/08/72 



• • 

KAHTICLE CHAHACTfcRlZATION - SIEVfc ANALYSIS 

HERCULb5 SUPPLIED HMX 
HMX 930-6 SAHOLF 1 6HGF 62-57 

CRYSTAL DENSITY : 1,9000 U/CM«*3 '^*^E ' 09/08/72 

ANALYSIS 1 ANALYSIS 2 COMBINED ANALYSIS 

SlEVh 
SIZE 

( M J C R O N ) 

180 
15 0 
130 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 

<10 

8 
6 
4 
2 
<2 

ARITH M EAN 
GFO*^, K E A N 

W = : G H T 

DETAINED 
(3R*M) 

0,0238 
0.0221 
0,0225 
0.0317 
n.0579 
0.0541 
0.05R3 
0.1211 
0.18R1 
0,:S5?.7 
0,6208 
(1,5907 
1.1477 
9,6577 
0,62B6 
3.3965 
0.5411 
1.0383 
•fl'0532 

17./!1?8 
16.76 0 0 

bLUDTANT USED 

METHOD 

SIEVING 

OF ! SIEVING 

TIM5-MIN 

ULTRASONIC 

S A M P L F 

TYPE Oh 

VI9 TIME-

IJEIGHT-GRAM 

SIEVES USED 

WEIGHT « 
HFTAINED 

0.27 
0.25 
0.25 
0.35 
0.65 
0.60 
0.65 
1.35 
2.10 
3.94 
6.94 
6.60 

12.82 
63.22 
7.02 

J7.95 
6.05 

11.60 
0'59 

ACCUM. 
WEIGHT » 
RET*INED 

0,27 
0.51 
0.76 
1.12 
1.77 
2.37 
3,02 
4.37 
6.48 
10.42 
17.35 
23.96 
36.78 

100,00 
43.80 
81.76 
87.80 
99.41 
100.00 

ISOBUTYL ACETATE 

PANTEX 

25 

•hlN 1.0 

5.1539 

AUTOWASH 

ShETt 

ELECTROFORM 

-'t:u«T 
RETAINED 
(GRAM) 

0,0206 
0.0234 
0.0215 
0.0203 
0.0316 
0.0365 
0.0376 
0.0628 
0,0867 
0,1312 
0.2956 
0.2690 
0.5235 
2.4886 

0.3001 
1»4019 
Q.3652 
0.4127 
0.0088 

19.0408 
18.7829 

UtlUHT t 
RETAINED 

0.51 
0.58 
0.53 
0,50 
0.78 
0.90 
0.93 
1,55 
2.14 
3.24 
7,30 
6,64 
12.93 
61,46 

7,^1 
34.62 
9,02 
10'19 
0<22 

IS 0 S hj T ̂  

P A N T E X 

25 

1.0 

x-dtnaa. 

. f^l IM , 

W E I Q M T % 
RETAINED 

0.51 
l.Oy 
1.62 
2.12 
2,90 
3,80 
4.73 
6.28 
8.<2 

11,66 
18.96 
25.61 
38,54 

100,00 
45.95 
eO'57 
89.59 
99i78 
100*00 

'L ACLTATw 

AUTOWASH 

r i W b l t 

ELECTROFORM 

D ! f !•' ! N 
W E I G H T X 

-0.243 
-0.331 
-0.280 
•0.147 
.0.133 
-0.297 
-0.277 
-0.198 
•0.039 
0.701 

,0.364 
-0.043 
-0.105 
1.757 

-0,388 
3.330 

-2.973 
1.410 
0.378 

(jfiMaiMf̂ n 
WT. WET, 
(GR*M) 

0,0444 
0,0455 
0,0440 
0.0520 
0.0S95 
0,0906 
0,0959 
0,lB39 
0.2748 
0,4939 
0,9164 
S,8597 
1.6712 
8,1463 
0,9288 
4.7984 
Oi9062 
1.4510 
010619 

17,6445 
I7.39O2 

U g T H U T % 
RETAINED 

0.34 
0,35 
0,34 
0,40 
0,69 
0,70 
0,74 

1,*1 
2.11 
3.72 
7.05 
6,61 

12.86 
62,67 

M 5 
36.92 
6.97 

11.16 
0.48 

PERCfeNT 
Co*RSEH 
THAN 

0,34 
0,69 
1.03 
1.43 
2,12 
2,82 
3.55 
4.97 
7.0e 
10.81 
17.66 
24,47 
37,33 

100,00 
44,47 
81.J9 
88,36 
99,52 
lOO'QO 

PERCENT 
FiNfeR 
TM*N 

99,66 
99,31 
98,97 
98,57 
97.88 
97,18 
96,49 
95,03 
92,92 
89,19 
82,14 
75,53 
62,67 
0,00 

59,53 
18.61 
11.64 
0.48 
O'OO 



PAHTICLE CHASACTEHIZA'ION - SIEVe A«4*LYSIS 

>-FfiCi;LES SUoPtlED NHX 

-HX 930-6 SAMPLE 1 »H3> 62-57 

CRYSTAL DENSITY I 1,9000 G/C'-J 

NO T SIEVE ANALYSES » 7 

\0 OF S J9-A>JA.YSES FOH A.\AL''S1S 1 . 2 

\n OF bJ8-A'JALYSES F0» ANALYSIS 2 = 2 

ANALYSIS 1 

S I E V E S i z e 
( M i C R C N l 

1 8 0 
I t lO 
1 3 0 
1 0 0 

, 0 
80 
70 
60 
5 0 
40 
30 
2 0 

10 

C E M R T » JGE 

1 

S I E V E S I Z E 

( f I C R C * ) 

<( 
4 
4 
2 

C E N T R i f J G E 

1 -

A ^ A L Y S | S 2 

S I E V E WEIGHT 

( G H A " ) 

7 7 . 9 8 6 4 

8 1 , 1 3 5 0 
7 9 . 5 9 4 1 
7 8 , 6 8 0 1 

8 0 . 7 3 2 8 
8 1 . 0 0 3 0 
8 1 . 0 2 7 8 
8 2 . 0 6 3 2 
8 1 . 5 6 ' » 7 
8 0 , 2 4 2 6 
8 1 . 4 3 4 0 
8 0 , 0 3 1 8 
8 0 . 9 4 5 9 

4 3 , 9 3 2 0 

7 8 , 5 8 7 5 
7 8 , 6 6 9 9 
7 7 , 7 9 4 8 
7 7 , 0 3 4 0 

* 

1 1 , 0 5 3 3 

S I E V E • HEIGHT 
R E T A l M E I l ( t i H A H ) 

7 8 . 0 1 0 2 
8 1 . 1 5 7 1 
7 9 . 6 1 6 6 

- T - 7 8 , 7 H 8 
•' 8 0 . 7 9 0 7 

8 1 , 0 5 7 1 
8 1 . 0 8 6 1 
8 2 . 1 6 4 3 

8 1 . 7 5 6 9 
8 0 . 5 9 9 3 

- - ' ' 8 2 . 0 5 4 8 
. -̂ • . 8 0 . 6 2 2 5 

' 8 2 . 0 9 3 6 

-
4 9 , 5 8 9 7 

7 8 , 6 0 7 6 
, j ' -- 7 8 . 7 7'S5 

7 7 . 8 1 2 1 
7 7 . 0 6 7 Z 

1 1 , 0 5 5 0 

• . \ ' ' . 

SIEVE SIZE 
(flcRCNI 

"5IEVE -EIGHT 
(GHAHJ 

SIEVE • X C I G H T 

fiEiAiNer(uHAM) 

180 
150 
130 
100 

90 
OO 

/o 

60 

77,9832 
81'1305 
79,5905 
78,6755 
80.72M3 
80,9994 
81.0242 
82,06iJ6 

7 8 . 0 0 3 8 
8 1 , 1 5 3 9 
7 9 . M 2 0 
7 8 , 6 9 5 8 
8 0 . 7 5 9 9 
8 1 . 0 3 5 9 
8 1 . 0 6 1 8 
8 2 . 1 2 3 4 

D A T ; I 0 9 / 0 3 / 7 2 

J 



F 

r~ 
H 

OCSO'TT c^so•tT 

£<i9oUL 
ZiZQ'Ll 
LX2l*9L 
9TT9*9^ 

096LUI 
9e99»8i 
9^9S*tf^ 

39rHI«iN33 

9 
8 

¥iZ>'9¥ 9frf6*t^ 

(N0a3lW) 
3ZIS 3A3IS 

3DrdlaiN33 

099v*T9 
T662*09 
etC^'T9 
CCZf*09 
M > <• ̂ 4 <.- n 

52^6*o9 
TOfO*n8 

T6r2'08 
•r «\ *-\ ̂ * Y n 

OT 
02 
Of 
Ot' 



I O O T 

HERCULES SUPPLIED HMX 
HMX 930-e SRMPLE I CHCF 62-57 
LEDGER I QNRLYSIS I 

flNRLYSIS 2 

LiJ 
N 
I—I 
(J) 

LXJ 
> 
LLI 
1—I 

(J) 

z a 
I 
h-

Q: 
LL' 
Z 

Ci 
Z a 
Q 
LU 
Z 
I—1 

CE 
I -
UJ 
Q: 

20 30 40 50 60 70 80 90 
SIEVE SIZE CMICR0NS3 

n-B 



HERCULES SUPPLIED HMX 
OOT ^^^ 930-6 SRMPLE I 6HGF 62-57 

LEDGEf? I RNfiLYSIS I 
RNfiLYSIS 2 

LU 

I — I 

;/) 

> 
LU 
I—I 

W 

z. 
X 

LU 

:z 
I—I 
LJ_ 

ID 
Z. 
CC 

a 
LU 
••7 

90-

80--

70--

6 0 " 

50--

4 0 -

iZ 30-
h-
LU 

2 0 -

10 •1 

:t 
10 20 30 40 50 60 70 80 90 100 130 150 180 > I 8 0 

SIEVE SIZE [MICRONS] 

I I -9 



HERCULES SUPPLIED HMX 
IOOT ^^^ ^'^"^ SAMPLE I 6HGF tf-ft 

9 0 -
LLJ 
N 
I—I 

CO 

LU 
> 
LU 
I—I 

(J) 

z: 
a: 
n: 

CC 
LLJ 

LL 

80--

70- -

60- -

5 0 -

a 
z: 
a: 40 

a 
LU z 
I—I 

CL 30--

LU 

\-

20 • 

10 -

1 I X 3 : 3c 
10 20 30 40 50 60 70 80 90 100 130 150 180 >I80 

SIEVE SIZE [MICRONS] 

11-10 



PAHTICLE CHAfiACTfeHj/ATlON • SIEVE ANAUVSIS 

HFRCULfcS SUPPLIED POWDfcR 
fERCULES HMX L/N 14«t-M 

CRYSTAL DENSITY 1,9000 G/CM»»3 DATE I Q a / 2 5 / 7 2 

SIEVE 
SIZE 

(HICRON) 

160 
-. Uil - -

130 
100 
90 
SO 
70 
^ 
50 
40 
30 
20 
10 

-tUL 

a 
« 
4 
2-

<? 

ARITH t'EAN 

—ees**-, -HEAN 

W=ir,HT 
RETAINED 
(SRAM) 

0.2661 
-Si^A2J^7 

0.4217 
1.3127 
1.0652 
0.7528 
O.f.849 

~ -triiM 
0.6578 
1.0669 
0.6650 
0,3909 
0.4385 
1,4303 
0.15B8-
0.3720 
0.26fl4 
A,6l89 

• 0.0123 

6»,9099 
69,5«30 

--ELHiSTA+̂ T USffl 

—KfeTMOD Of \ Bteviwg -

ANALYSIS 1 

welGHT « 
RETAINED 

2,44 
- i,04 

3.87 
12.04 
9.77 
6.90 
6.28 

-- 12,11 
6.03 
9,79 
6.10 
3,59 
4.02 
Ii,t2-
1.46 
3.41 
2.46 
5.6* 
0,11 

ISOBUTYL 

PFRCEM 
CO*HSER 
THAN 

2.44 
-fr,38 
10,25 
22,29 
32.06 
30.97 
45,25 
-57 ̂ 3i 
63.39 
73,17 
79,27 
82.86 
86.88 
IDQ.QQ 
88.34 
91,75 
94,21 
99̂ ,89 
100,00 

ACETATE 

-- . PANTiX ALTOUASH -

-iJEV-^NG TIMS-HIN 2 0 , 

WLTBASO>HC VIH TIMF-K.lN 

itAMPLP HCIGMT-CaAM 13,4126 

TYPE OF SteviS USED ELECTROFORM o 



1 
PARTICLE CHABiCTERlZATlON - SIEVE ANALYSIS 

HERCULES SUPPLIED POWDER 
»'gBCUL6S MHX l/H 146«61 

CRYSTAL DENSIIY .L 1«_9Q00 G/CM**3 UATE 5 OB/25/72 

_4vO 0*^ SiEVi ANALYSES = 1 
NO or SUB-AMALYSES FOR ANALYSIS 1 a 2 

ANALYSIS 1-

SIEVE SIZE 
— ( W I G B O M ) — 

SIEVE WEIGHT 
(SRAM> 

SIEVE • WEIGHT 
Utt-i. 

-180 
150 

100 

80 

60 

40 

20 
-JJL 

8111360 

78,6819 
80.7332 
81,0034 
-81.0283 
82,0666 
ai.57QZ- -
80,2448 
81 .43^8 

8l.56b7 

79,9916 
81.7964 

80,0337 
.a-a,_9 529 

81,7562 
fil.7132 
83,3865 

81,3117 
S2. ioL]a 
80,42«6 
a l , 3 9 l 4 

I 
IO •CENTRIFUGE 

4 3 . 9 3 7 0 

SIEVE V l Z 6 
(MICRON) 

8 

4 
_ 2 _ -

7 8 . 5 8 2 5 
7««6fe43 
7 7 , 7 8 9 6 
7 7 , 0 2 9 6 

78,6032 
7ai7x?a 
77,8246 
77.U'33 

:iiG£_ 

-1 11.{149? ll.QSQfl 

î -̂  — 



PAHTICLE CHARACTEKI^ATION • SIEVE ANAUYSJS 

HFficuLbS SUPPLIED HHX 
"HX L/w i4e-6-t- -

CRYSTAL DENSITY I 1.9000 G/CM*«3 DATE I 09/06/72 

SIEVE WEIGHT 
SizE BETAINED 

(MJCRONI (SRAM) 

180 
ign 
130 
loo 
90 
80 
70 
50 
40 
30 
20 
10 

0.1569 
_ 0,4A65 
0.4163 
1,2214 
0,9546 
0.6560 
0,7289 
1^1517 
0.6047 
0.9062 
0.6626 
0.4174 
0.4299 

ANALYSIS I 

WtlGHT ( 
H E T A I N E D 

1,55 
4.^0 
4,11 
12.05 
9.42 
6,47 
7.19 

ARlTk HEAN 64.4604 
GFOM, r<EAN 6^.1210 

ELUDTANT USSD 

ACCUM, 
UEIGHT X 
RETAINED 

1.55 
6..15 

10.26 
22.30 
31,72 
38.19 
45,38 

.56,^74-
62,71 
71,64 
7b,18 
82.30 
86,54 

- 5,96 
8,94 
6,54 
4.12 
4.24 

ISOBUTVL ACETATE 

METHOD or SIEVING PANTEX ALTQWASH 

SIEVING TIHE>HIN 20. 

ULTRASONIC VI9 TIME-HIN 1.0 

11,7338 JWETt 

ELECTRO FORM 

SAXPtE WEIGHT-GRAM 

IVPE OF SIEVES USED 

WEIGHT 
RET»jNtD 
(GRAM) 

0,1942 
0.4221! 
0,4391 
1.2369 
1.0148 
0.6129 
0,7578 
t^ZZ&l. 
0,6260 
0.8964 
0.6869 
0.4426 
U,4293 
1,3052 

ANALYSIS 2 

MblUHT S 
RfcTAlNiP 

1,89 

4,27 
12.02 

9,86 
5.96 
7.37 

l l . B f t 
6.08 
8 .71 
6,68 
4.30. 
4,17 

12.69 

COHBINED ANALYSIS 

69.0100 
68.6719 

ACCOH, 
UEIQHT % 
RETAlNfcD 

1,89 
- 6.04 

10,31 
22.32 
32,18 
5o . l4 
45.51 
37.37 
63.45 
72.16 
78.84 
83,14 
87.31 
100.DP 

ISOBUTYL ACETATE 

PANTEX AUTOMASH 

20,0 

1,0 

12,0013 iwETt 

ELECTRO rORH 

DIFF IN 
uElGHT > 

-0,340 
D,45l 

<.0.l6l 
0,032 

-0,447 
0.514 

•0.175 
EJL5J10. 
-0,120 
0,226 

-0,140 
-0,185 
0,068 

-lUJZZ-

C0H8INED 
MT, HET. 
(GRAH) 

0.3511 
0»tt9̂ 5 
0.8554 
2,4577 
1.9694 
1.2689 
1.4867 
2.3720 

UktfiHT % 

1,72 
4.37 

1.2307 
1.8026 
1.3495 
0.8600 
0.8592 
-2.67Dn 

4,19 
12+03 

7,28 
il.fcl 

PERCfcNT 
CQABSER 
THAH 

1.72 
6.O9 

6,02 
B.a2 
6,61 

* ' ^ 4.21 
13.07 

10.28 
_22^31 
31,95 
_3iL.47 
45.44 
57. Q6 

PERCfcNT 
fiNfcR . 
THAN 

98,28 
93,91 

63,0s 

78,51 
-«2,72 
86,93 
10Q,Q0 

89,72 
. Zi,69. 
68,05 
61,83 
54,56 
42,94 
36,92 
28,09, 
21,49 
11.26 
13,07 

0,00 

68.7372 
68,3984 



^ ' A K T I r i . t C H A t i i C T E f ' U A r i O N - i l t r f t A ^ A ^ Y S I S 

HERCULES Su^P.IFD WH> 

t-»X l/h, 148-61 

LRYSTAL DENSITY ! l.yOOO G/C><"3 

NO or SIEVE AMALVSLS = / 
\0 Or SJB-ANA^rseS FOB a%iL>'SIS 1 = 1 

\ 0 OF bJ8-A^JALY';ES Fufc A M L V b I S 2 = 1 

ANALYSIS 1 

blEVE SIZF 
(MiCKOVJ) 

lao 
150 
iM 
100 

90 
80 
70 
6» 
•tO 
40 
30 
20 
10 

c E ^ T a l ^ J a 6 

1 

ANALYSIS 2 

s i t v E y(-It.uT 
<ShAM» 

7 7 . 9 8 2 0 
8 1 M J 2 0 
T a . s a a i 
7 « . f t ; 5 J 
8 U , 7 J 1 2 
flU.9V7b 
Hl .OZbU 
B 2 . 0 6 0 J 
d l . S b S a 
t in .p j f lB 
a i . 4 j n j 
8U ,0J00 

_ 8 U . 9 3 7 4 

4 i . 9 S 3 u 

• 

SIEVE . wrrKhT 
fiETAlNEDU'HAM) 

7 ^ . 1 3 0 4 
B 1 ' 5 V ! J 

d Q . j a 4 4 
7v .swe7 
al.t)B'5b 
a l .At>J5 
b l . 7 | j J 9 
8 3 . 2 1 ^ 0 
a 2 . 1 b * 7 
e i . i 4 ; o 
a 2 . a 9 < 9 
8 0 . 4 4 7 4 
e l . J 6 / 3 

4 b . i l 7 H 

blEVE SIZE SI-WE wbH.wT SIEVE • fcfclOMT 
(MlcRON) . (GK«ni hElAlNEDtuNAHl 

1 8 0 7 7 . 9 8 0 0 7 e , 1 7 « 2 
l i O * . H l ' l i l O d l . 5 ! j i O 

- - U O 7 9 . 5 a 5 l 8 0 . 0 2 * 2 
100 / H . 6 7 1 a 7 9 . 9 1 V 1 

90 UU.7296 a l . ; 4 * 4 
80 flU.9<ii47 b l . n 0 7 6 
70 8 1 . 0 2 ^ 6 B l . 7 8 1 4 
60 H2.0b78 eJ.27il 
SO 81.^62/ 62.1B':7 
40 00.2J76 S1.1J«0 
30 Ml«42'19 B2.11-'8 
20 rt(i.02«b ac,4;ii 
10 H U . 9 3 1 9 el.36J2 
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*3.96?1 4t>,?6;3 
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HAKlIrLt CHAt.ACTfckI/AT lUN - blfcVt ANALYSIS 

^-EHCuLES SUPP.IFD HM)i 

t-MX L/S 1*6-61 

CPYSTAL DENSITY 1.9 0 00 li/CM-.J UATE oy/06/72 

S I E V H 
SIZE 

(i-lt:«OK» 

180 
150 
130 
100 
90 
80 
70 

.. 60 
50 
40 
30 
20 
10 

<10 

fl 
H 6 
a 4 
i. i 

<2 

A R I T H V E A N 

G E C M . K E A N 

W ^ I R M T 
HETAINED 

( 5 H A H ) 

0.30?b 
0.^873 
(1.5252 
t.62P9 
1.30?3 
O.flOll 
P.9JP0 
1.5249 
0.«976 
1.2035 
n.a490 
0.4732 
".526* 
1.7482 

, 

# 

69.6118 
69.2763 

AhALYSIb 1 

Nt-IRHT i 
KETAINED 

2.27 
4.41 
3.95 

12.24 
9.79 
b.iJ2 
7.01 

11.46 
6.75 
9 . IJ 5 
ft.39 
3.56 
3.96 

13.14 

A U C L M . 

d E I b h T % 
H E T A I N E U 

•i.i7 
6.69 

10.64 
ii2.be 
32.07 
30.69 
^ i i . ; u 
57.16 
ft3.9l 
72.96 
7V.3* 
t2.90 
H6.d6 

100,OU 

KtIbHT 
KtT*lNtD 
( U H A M ) 

U.1936 
U.4602 
U,4100 
1.2156 
U.9772 
0.6927 
0.6423 
X.1581 
U.6353 
U.BHV2 
0.t>h4l 
0.3730 
0.4079 
1.2205 
0.1208 
U.bl30 
U'197l 
0*3/17 
0-0179 

7J.7H27 
7«.4293 

AMAUYblS 2 

.^tlUHT » 
RtTAlNELi 

1.V5 
4,63 
4.12 

12.23 
9.83 
0.V7 
6,46 
11,65 
6.39 
b.v5 
6,69 
3,75 
4,10 

12.28 
1.22 
5tl6 
1»95 
3«74 
0'19 

4LCUM. 
wElC^T » 
HETAlNfcD 

1.9i' 
6.5b 

10.70 
22,93 
32.76 
39.73 
46.19 
57.95 
64.24 
;3,18 
79.86 
83,62 
B7,72 

100,00 
88,94 
94«10 
96-08 
99'82 

100*00 

DIFF IN 
WEISHT » 

0.327 
-0.215 
-0.177 
0.015 

-0.042 
-0.947 
0,544 

-0.189 
0.356 
0,101 

-0,293 
-0.196 
-0,147 
0.862 

COMdlNEU ANALYS 

C3HaiSbU 
-T, KET, 
(G9A^) 

0.4962 
1,0475 
0.9352 
2,8445 
2,2795 
1,4938 
1.5743 
2,6930 
1.5329 

.. 2.0927 
1,5140 
0,8462 
0,9343 
2,9587 

69.8209 
6 9 , 4 B 3 2 

WbKiHT k 
R6T*INED 

2.13 
4.51 
4.02 

12,24 
9,81 
6.43 
6,77 

11.54 
6,60 
9,00 
6,51 
3,64 
4,02 

12.77 

— 

IS 

PEHCbNT 
CQARSER 

THAN 

2,13 
6,64 

10,67 
22.90 
32,71 
39,14 
45,91 
57.45 
64,05 
73.05 
79,57 
83.21 
87,23 

.100,00 

•• 

., . 

PERCtNT 
FIN6R 
THAN 

97,87 
93,36 
89,33 
77,10 
67.29 
60,86 
54,09 
42,55 
35.95 
26.95 
20,43 
16.79 
12,/7 
0.00 

tLLDTANT US?D 

rFTHon 3F SIEVING 

SlbVINH TIME-«1IN 

ISOOUTYL ACETATE. 

PANTEX A L T O W A S H 

20.T 

LLTHASONin V I ^ TIHE.-Cli>< i . y 

SAMPLE |JE1G'<T-URA1 IS .HQOO > - E T » 

lYPb 0( S I E V E S llSell ELtnTRO i Q^f 

ISOUUTYL ACfcTATc 

PANTEX AUTOI»AS>H 

2 0 . 0 

1 . 0 

11,7151 >w£lt 

ELECTKO FORM 

http://ii2.be


H > - T l r L ^ -H iR ICTfct. I /A T I T \ . 3lEl/fc A ^ A L ' ^ I T 

FFHCULbS Su»H_ieD " ' ' > 
»-MX f N 1 * 8 - 6 1 

L H Y S T A L D E N S I T Y : I . O J G C J ^ / C - ^ ' - S 

NO Of SIEVE ANAL'^'if.S : 7 
\ n Of SJB-ANA.V ieS f t a ANALYSIS 1 = 1 

NO I f S J9-ANA.YSE<; ro>< S \4LYSIS 2 = ? 

LJ4IE O V / 0 6 / 7 2 

ANALYSIS 1 

SIEVE SIZE 
(HlCOUN) 

1 8 0 

1 5 0 

l i e 
1 0 0 

« 0 

8B 
7 0 
6 0 

1»0 
4 0 

3 0 
2 0 

1 0 

Sl=VE > T T I I . H T 
(S(<AK ) 

77 .9V0V 
H 1 M 3 M 
75 .SV7J 
7«,h>)?7 
MlJ .7J l r t 
» 1 . Oil?a 
81 .02H0 
« 2 . 0 6 5 2 
Ml,(>ft96 
fill.24*1 
ttl.4J5^ 
8 0 , 03.17 
R 0 . 9 5 ? 4 

S i t Vc • <i^-I'jHT 
B F T A 1 N'En ( liHAM 1 

7 t i . 2 9 J b 
0 l .7< iJ«t 
O0 .12 i t> 
e O . J l l b 
»s2,0J11 
(S l .H [ ) i 9 
B1 .96U0 
o 3 . b 9 ' J l 
« 2 , * l . ' 2 
B l . « 4 ' 6 
tt2.28Sl 
|JU,5059 
R1.47IJ8 

t f X K M f JttS 

43.9 .5 .15 4 5 . 6 / t f 7 

ANALYSIS ? 

SIEVE S I / E 
(MiCSON) 

180 • 
1 5 0 

I J f l 
100 

9 0 

8 0 

/e 

4 0 
3 0 
20 
10 

C t K T R l t JGE 

SI=VE wEIiiwT 
(--.KAMI 

77 .9B36 
fll'13i2 
79 .5 r t38 
7H,675H 
H 0 . 7 < I H 3 
fiU.99«3 
8 1 * 0 2 4 1 
b2 .0b7 '5 
«1.5»)«2 
H 0 , ? 3 H O 
8 1 , 4 3 0 8 
flj.n300 
fll) .939r t 

S i tVfc • wfclGHT 
hETAlNkJC^HAM) 

7 8 . l 7 7 i ! 
81-5914 
79,9998 
79,M9l4 
ol. 703b 
81.6910 
Ml.6664 
n3.?2U6 
02.^33, 
81.12/8 
82.U949 
80.40 10 
nl.34// 

43.9352 45.15-;7 

SIEVE SIZE 
(HICWCMI 



•- -ar 

2tIS0*TT- - - SirO*TT -f 

j9P Jlâl̂jD 
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HERCULES SUPPLIED HMX 
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