
MHSMP- 77-43 

Dist. Category UC- 1 5 

INTER- AND INTRA-LABORATORY 

SIEVE ANALYSIS OF TATB 

Alz.n,ie. A. Dunc.an 

DEVELOPMENT DI VISION 

AUGUST 197 7 

Process Development 

Endeavor No. 106 

DISTRIBUTI 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



NOTICE 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the 
United States Energy Research and Development Administration, 
nor their employees, nor any of their contractors, subcontractors, 
or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, 
completeness or usefulness of any information, apparatus, product 
or process disclosed, or represents that its use would not infringe 
privately-owned rights. 

Printed in the United States of America 
Available from 

National Technical Information Service 
U. S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 ~o 
Price: Printed Copy $ t. i5; Microfiche 

.. 



... · 

INTER- AND INTRA-LABORATORY SIEVE ANALYSIS OF TATB 

MJ'ue. A. Vu.nc.a.n 

DEVELOPMENT DIVISION 

Process Development 
Endeavor No. 106 

ABSTRACT 

The purpose of this combined laboratory study was to determine inter­
and intra-laboratory repeatability and the influence procedure changes 
have on the sieving of TATB. Procedure changes include the use of 
different sieve sets, technicians, sieving rate, sample size and dis­
persion. Results of thi.s study indicate inter- as well as intra­
laboratory repeatability in sieving are influenced by.the use of 
different sieve sets and.dispersion techpiques. 

INTRODUCTION 

Due to variation in sieve analysis 
results obtained by LASL and Pa:ntex · 
for wet-aminated TATB, an inter­
laboratory repeatability study was 
requested by A. Popolato (LASL). 
The participants were Pantex Quality 
and Development Divisions, LASL, and 
Cordova. A similar study involving 
Pantex and Cordova had been conducted 
fur standard-C1JT1inated TATB at the 
request of J. Self, Cordova. This 
report includes the results compiled 
by Pantex Development for both wet 
and standard aminated TATB studies. 

1he purpose of this combined study 
was to detennine: 

·Intra-laboratory repeatability 
·Inter-laboratory repeatability 

and the influence that the following 
deviations have on intra-laboratory 
data: 

.-----NOTIC!------. 
This report was prepared u an aocouni ol work 
IJ)OnJOred by the United States Government. Neilher 
the I lnired Statl';S nnr the United Statr.,, F.nr:rgy 
Research and Development AdnUnistnaion, nor any of 
their employees, nor any of lheu contractors, 
subcontracton, or their employees, makes any 
warranty, express or Implied, or assumes any legal 
liibililY oi rCiPQrtiibilitY lor the li.ctUraCY. comp1e1ent:M 
or usefulness of any information, apparatus, product or 
process disclosed, or represents that its use would not 
infringe privately owned rights. 
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·Different technicians 
·Different sieves 
·Sieving rate 
·Sample dispersion 

INTER-LABORATORY REPEATABILITY 

Sieve analysis repeatability of 
standard-aminated TATB was studied 
by Cordova and Pantex Quality and 
Development Divisions. ~ach partici­
pating laboratory made five repli­
cations on two presampled TATB lots. 
111ese lots were Pantex 6063-16-0lU 
and Cordova lB-034-021. The Pantex 
lot was selected for its coarse 
particle size. Both lots meet LASL 
particle size specifications. 

Presampling was done by Pantex 
Development. A 454 g sample of TATB 
from each lot was individually 
blended and divided by riffling 
until a 5 g sample was obtained. 
The 5 g sample was then placed into 
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a labeled bag and sealed. 1his .was 
repeated until 25 .samples from each 
lot were prepared. The bags were 
then randomly selected for laboratory 
destination, with each laboratory 
receiving at least five samples per 
lot. 

1he laboratories sieved according to 
their procedure (hand-washing, sieve 
washer, etc.) and made only one 
analysis per 5 g bag. 1he procedure 
followed by Pantex Development is 
given in Appendix I. 1he results 
of this study are given in Table I 
and the weight % finer than 
44 µrn and weight % finer than 
20 µm are plotted in Fig. 1. Inter­
laboratory repeatability was based 
on the mean percentage finer than the 
44 and 20 µrn sieve.s; Cordova only uses 
a 2-sieve nest, hand washed. 

1he results shown in Fig. 1 indicate 
good agreement in mean percentage 
less than 44 and· 20 µrn between the 
three laboratories for the coarse . 
PX lot 6063-16-0lU; however, this 
was not true for the finer Cordova 
lot lB-034-021. 1he spread in the 

· mean percent less than 44 µrn between 
the laboratories was 14.1% for the 
finer particle size sample. Intra­
laboratory repeatability should not 
exceed 2.5% for an acclllTIUlative 
dis~ribution; inter-laboratory. 
difference should not exceed 3%. 

It can be seen in Fig. 1 that the 
particle size results of the 
laboratories ranked as follows: 
Cordova < Development < Quality. 
The spread in mean percentages 
obtained by the labs can possibly 
be due to differences in sieves, 
technicians, procedure, dispersion, 
etc. Various sieving procedure 
variations are to be used to show 
possible reasons for spread in 
results within and between labor­
atories. 
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INTRA-LABORATORY REPEATABILITY 

Five lots of TATB were used to study 
'intra-laboratory repeatability. One 
wet-aminated and four standard-aminated 
lots of varying particle sizes were 
tested. Sieving procedure was that 
used by Pantex Development given in 
Appendix I. Results of this study are 
given in Table II. In Fig. 2 the 

· weight % finer than 44 and 20 µrn 
for the standard-aminated TATB are 
shown and in Fig. 3 the wet-aminated 
data are plotted. Figs 4 through 6 

·are photomicrographs of wet-aminated 
TATB 12-02-16-0824-108. 

The standard-aminated TATB repetition 
having the largest spread in results 
was fol.ind. in lot 6203-16-0lU; a 
spread of 2.3% for the .% < 44 µm was 
obtained and 4.1% for the % < 20 
µm. A spread of 4.1% is quite large; 
however, the distribution of this lot 
was 97.6% finer than 44 µm and 84.0% 
finer than 20 µm. Repeatability is 
usually limited when a large per­
centage of particles is retained on 
a particular sieve or is.required to 
pass near aperture size particles. 
Sieve blinding tends to increase for 
both of these reasons. When this 
test.was repeated with a smaller 
sample size, the spread was reduced 
to 1.48% for the % < 44 µm and 2.94% 
for the % < 20 µrn.. (Results obtained 
in wrist-action shaker test shown 
in Table IX.) This indicates the 
importance of sample size selection 
which is dependent on the distribution 
and not the type of material. Sample 
size selection should be a part of 
the preliminary test before sieving. 

For the four standard-aminated TATB 
samples tested, the average repeti­
tion spread for the % < 44 µm is 
1.72% and for the%< 20 µmis 
1.48%. These averages show the 
consistency which should be achieved 
for the accumulative distribution 
derived from sieving. 

( 
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In order to detennine nest repeat­
ability, an average standard deviation 
(0) can be derived from the standard 
deviation of each sieve in the nest 
as follows: 

C1 

where Nii is the ntnnber of observations 
per sieve and crn is the standard 
deviation per sieve. 

Average standard deviation for the four . 
TATB lots analyzed was: 

6063-16-0lU 
4267-16-01 
lB-034-021 
6203-16-0lU 

0.74% 
0.23% 
0.28% 
0. 71% 

The average standard deviation (o) 
was less than 1% which is extremely 
good. This value, however, is not 
the expected maximtnn spread for a 
single sieve or an acctmrulative 
value, but the degree of repeatability 
in a single nest. The above average 
repetition spread for the % < 44 and 
20 µm is more representative for 
comparison of inter-laboratory. 
results. 

Intra-laboratory repeatability of 
wet-aminated TA1B was poor at the 
44 µm level with a spread of 11 .. 75%. 
This spread was attributed to ultra­
sonic degradation of the coarser 
wet-aminated TATB particles. This 
degradation appears to be incon-
sistent and thus will increase the 
variation in repetition results. 
A wrist-action shaker study given 

Technician 

A 
B 
c 
n 

Experience 
Sieving 

(yrs) 

8.0 
s.o 
1.0 
0.4 

0 
Per Nest 

(%) 
0.74 
0.23 
0.28 
0. 71 
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later indicates the spread ip 
results can be reduced to 3.3% 
if ultrasonics are not used. This 
is more consistent with the spread 
expected in sieve analysis repetition. 

From the above repetition study, 
it was detennined that intra­
laboratory repeatability for standard-
aminated TATB should not exceed 3%. 
With this in mind, factors which cause 
intra-laboratory variations can now be 
evaluated. 

VARIATIONS IN SIEVE ANALYSIS 
DUE TO THE USE OF DIFFERENT 
TECHNICIANS 

The results obtained by four techni­
cians (sieving five repetitions) were 
used to show the repetitive ability 
in perfonning TATB sieve analysis by 
more than one technician, (Table II. 
and Fig. 2). Each technician sieved 
a lot of standard-aminated TATB by 
the Pantex sieving procedure (Appendix 
I). Since a full stack (14 sieves plus 
centrifuge of < 10 µm) is used in this 
procedure, the variation was studied 
for is test values per analysis. The 
standard deviation (cr) of the percent 
retained on each sieve was calculated 
(Table II) and from this an average 
standard deviation (cr) of the sieve 
nest was detennined. The average 
stanqard deviation can be used to 
relate to the repeatability of the · 
entire nest and to the ability of a 
technician to sieve. An average 
standard deviation of less than 1% 
is acceptable. 

The cr and o obtained by each techni­
cian are as follows: 

C1 

Range 
'(%) 

0.03 to 1.84 
0.00 to 0.50 
0.03 to 0.60 
0.09 to 2.20 

Standard Deviation 
% Finer Than 

(44 µm) (20 µm) 

0.64 0.18 
0.61 0.17 
0.99 0.40 
1.08 1. 70 
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The a of all the techri:i'.cians were · 
less than 1%, which. is exception~lly 
good. In the case of Technician A, 
the sample was very coarse; conse­
quently, sampling.and sieve blinding 
could have.caused.the a.range to.be 
1.8%. Technician D .sieved an ex­
tremely fine lot of TATB. . Sample · 
size was. 1.0 g, .which is too great 
for .this particular lot. Sample 
size was reduced to 0.5 g for the 
wrist-action shaker test and the 
range of % < 44 µm and % < 20 µm 
reduced to 0.38% and 1.11%, respec~ 
tively. Repetition of two technicians 
sieving the same lot of standard­
amina ted TATB was also observed.. Two 
lots of TATB sieved in duplicate by 
each technician gave the following 
results. · · 

% Finer % Finer 
.. Than Than 

Technician 44 µm 20' µIll 

C* 20.96 13. 70 . 
D* 20.79 13.14 

Difference 0.17 0 .. 56 

CM ~ 3. 86' 10. 16 . 
D** 44.75 11.10.'' 

Difference .0.89 0.34 

· l 

*Lot 1.B-034-060 
**Lot 12-02-76-0824-108 

The maximum difference in their results 
was less than 1%. 

Variation.between technicians, sampl­
ing, sample size, full versus short 
stack and dispersion was further 
observed with Lot 6063-16-0lU. This 
sample was used for both the wrist_. 
action shaker and ultrasonic repeat­
ability tests. Different technicians 
were used in 5 repetitions of each 
test. The following procedure vari­
ations were used: 

Technician · 
Nest Sii.e 
Sample Size {g) 
Dispersion 
Sampling 
Sampling Date 
Sieve Set 
Eluant 

A 
·. 

014· Sieves: 
6.3 
Ultrasonic 
Riffler 
04-14-76. 
F 
Acetone 

c 
... 2 Sieve-s 

.1.0 
Wrist Action 
Theft 
03-23-77 
F 
Acetone 
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The results 0btained by these two 
procedures "(Tables · II ·arid IX) when· 
sieved in five repetitions were:· 

Mean % < 44 µm 
Mean % < 20 µm 

A C 

11.68 
2.83 

12.12 
2. 77 

The difference in the two procedures 
was less than O. 5%, which is again 
insignificant. The only variables in 
the procedure held constant·were the 
sieve set and eluant. 

From the tests shown in this section 
the variability of a repetition sieve 
analysis by'any technician should be 
less than 1.5% for accumulative 
values a~ the 44 and 20 µm levels. 
R<:;peatability between tech11icians 
using the same set of sieves and lot 
of TATB should also be within 1.5%. 

SIEVE SET VARIATION 

Sieve analysis consists of placing a 
standard in the path.of a moving 
particle. Particle retainments are 
controlled by·both the particle and 
aperture size. Sinc·e particle size 
is not detennined by one aperture, 
but by all the apertures the variation 
in size of these apertures or their 
deviation from the mean size intro­
duces error in absolute sizing. It 
has been found in dry sieving that as 
the coefficient of variation (100 o/X) 
increases, the sieves behave as if 
their average openings were larger 
·than that calculated. 

\ ... 

,] 
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Sieve nest variation was studied 
using standard-aminated TATB 
lB-034-021 and three nests contain­
ing different 44 and 20 ).JJil sieves. 
The results of this study are shown 
in Table I II. 

From Table III it can be seen that 
the standard deviation (a) in the 
results for each repetition at both 
the % < 44 and 20 µ111 was less than 
1%. When tested at the 95% confi­
dence level the F test showed that 
variance of sieving was equal for 
all the sieve sets tested. 

The difference in the mean percent 
less than 44 µm for the three sets 
tested was 8.56% while the difference 
in the mean percent less than 20 µm 
was 0.88%. When tested at the 95% 
confidence level, the t-test 
indicates the mean percent less than 
the 20 µm sieves are slightly 
different for set L only and the 
mean percent less than the 44 µm 
sieves are significantly different 
for set E. 

From the results given in Table III . 
it can be seen that sieve E 44 µm 
and sieve L 20 µm are slightly 
larger than the other two respective 
sieves. The coefficient.of variation 
(y) used as a guide to relate.the 
nominal aperture size indicates a 
large difference in the three 20 µm 
sieves. Sieve E had the larger mean 
size, but a smaller y, while sieve 
F had the smaller mean size and the 
largest y, As Y increases the 
nominal size increases from the mean 
aperture size, the three sieves gave 
similar results because of their 
opposite variation in opening. If 
the largest mean aperture also had 
the largest y, then a larger variation 
in the percent less than 20 µm would 
have been observed between the three 
sets. 

5 . - -

The coefficient of variations (y) for 
the 44 µm sieves were close and this 
factor was probably not the cause for 
a difference in the results. The 
difference appears to be due to mean 
aperature size for these sieves. 

The Pantex calibration procedure is 
giveri in Appendix II. This.microscopy 
technique is recormnended since it · 
gives both mean aperture size and the 
variation about this mean. A standard 
powder~ which is relatively soluble in 
an organic solvent, may prove useful 
in determining nominal aperture size. 

The results given in Table III indicate 
that a very large variation in sieving 
can be due to the use of different 
sieves. This is likely to be the 
major cause of .inter-laboratory 
variations. 

SIEVING RATE 

Sieving rate· is a ftnlction of 
sieving time and sieve load. As the 
time of sieving is increased, the 
analysis usually becomes more 
accurate. More time is needed for 
separation as load increases. The 
reduction in sample size is far 
more effective than prolongation of 
sieving time for proper.separation. 

Sieving time is usually constant in 
routirie analysis; therefore, sampling 
and sample size become very important 
in sieving. Sample size should be 
large enough to be representative 
but small enough to prevent sieve 
blinding. Sample size for a particular 
sample is generally determined by either 
examining the weight or ntunber of parti­
cles retained by the sieves. 

Microscopy estimation of the fine­
ness or percentage of ·various size 
particles in the bulk powder is 



often used to est_imate a sample 
size. The sample is then sieved and 
the particles retained by each sieve 
are examined tlllder the microscope 
to detennine if the retained particles 
have been adeq~tely separated. If 
smaller than aperture size particles 
are retained, sample size is reduced 
and the· bulk powder is resieved. 
This.is repeated until a limited 
nurilber of these particles are retain­
ed by each sieve. 

In the sample weight retained method, 
a trial sample of routine size is · 
sieved and the quantity retained by 
each sieve· is compared to a pre­
detennined chart. This.chart was 
derived from previous work which. 
indicates retention thickness should 
not exceed six particles. Table .IV 
is used for determining TATB sample 
size.· If none of the sieves retain 
more mass than that given in column 
4, Table IV, the analysis is most" .. 
likely representative. Sainple size 
can be increased if the smaller 
sieves have· retained much less than 
penni tted. ·However, it must be. · 
remembered the smaller. the sieve 
aperture the. greater.the effect of 
overloading; thus, c::arP. must. hP. 
taken not to overload the sieves 
when selecting sample size. 

Sieve loading was studied using both 
standard- and wet-aminated TATB 
saniples. Sample size was varied, 
while sieving time, amotlllt of eluant 
used, sieve nest, ultrasonic vi­
bration time and drying time were 
kept constant. Result~ of this . 
study are given.in Table V and Fig. 
7 where sample size was varied from 
0. 5 to 1. 5 g. 

Standard-ami.Jiated TATB 6203-16-·0lU was 
selected for its fineness in.p~rticle 
size. This lot of TATB had a dis­
tribution with about 87% < 20 µm. In 
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the range of sample sizes tested, 
sample size did not appear.to affect. 
the results. The slope of the best 
fit line was 0.66 which is indica­
tive of the effect sample size had 
on sieving fine ·particles .. 

. Wet-aminated TATB.12-02-76-0828-108 
was selected. for its large length/ 
width·ratio which is difficult to 
sieve because of particle orientation. 
Sieving.of this lot of TATB was 

· greatly affected by sample size. 
Weight percent passing the 44 µm sieve 
decreased as sample size increased. 
The slope of the best fit line was 
-27.6 which indicates a very large 
negative slope. R2 was 0.86, which . 
means 86% of the variation about this 
line can be explained by.the equation 
74.7 + x(-27.6). By this large slope 
it appears the sieves were blinded by 
overloading with the larger sample 
and, thus, retained a large quantity 
of particles smaller than the retain-

. ing aperture. 

Photomicrographs iii Figs. 8 through 
11 indicate that sieve blinding 
occurred only after sample size was 
greater t~an 1.3 g even though the 

· percentage of ma.torial pm:;sing the 
44 and 20 µm sieves. was inversely 
proportional to sample size down to 
0. 5 grams. From the pho~omicrographs 
it can be seen that the wet-aminated 
lot does have particles with large 
L/W's. 

Error in sieve analysis can arise from 
particle to sieve orientation since a 
particle's approach to a sieve aperture 
is quite random. Orientation for 
particle passage has no effect on 
spherical particles, but becomes a 
matter of chance for particles with 
. high L/W ratios. When sieving 
particles of large L/W, sieving time 
and sample size are very :important. 
As sieving time increases more 

( 
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particles have a chance to align 
properly for passage. Decreased 
sample size reduces sieve blinding 
and consequently particles of high 
L/W can be presented to more open 
apertures. This is most likely the. 
case with wet-aminated TATB 
12-02-76-0824-108. 

Sieving of samples with particles 
having high L/W should be avoided; 
thus, prior to sieving a sample 
should be observed under the micro­
scope. 

Sample size should be based on weight 
retained and determined from Table IV 
after one trial run. Sample size shouid 
be based arotmd the retained weight on 
the finer aperture sieves in the nest 
and should be such that their retained 
weight is slightly less than that in 
the table. 

SAMPLE DISPERSION 

Particle deagglomeration is as 
important to sieving as is sampling. 
A sample that is not dispersed will 
appear to be coarser than it really 
is and sieving repeatability will be 
limited. Dry pow<lers usually have a 
certain nl.Dilber of crystals which 
agglomerate during the drying pro­
cess. These agglomerates must be 
dispersed before sieving. Weakly 
bound crystals require little agitatiOn 
to be dispe1'sed; while tightly bound 
crystals require long periods of . 
mechanical shaking, and/or vibration. 
Before any new material is to be 
sieved, a series of tests should be 
performed which determine the type 
of mechanical dispersion required. 

Standard- and wet-aminated TATB 
samples were used to study effects of 
mechanical dispersion on sieve analysis 
repeatability and particle degradation. 
Dispersion of TATB by using wrist-action 
shaker and/or ultrasonic vibration was 
studied. 
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All samples used in the ultrasonic 
test were sieved according to the 
Pantex procedure given in Appendix I, 
except for ultrasonic duration time. 
Low wattage (35 watts) ultrasonic 
effects for various duration times 
can be seen in Figs. 12 and 13 and 
Table VI. From the accumulative 
distribution curves, it can be seen 
that the distribution becomes finer 
as the sample is subjected to duration 
times longer than 2 minutes. The l­
and 2-minute duration times are 
almost superimposed over each other, 
which indicates little degradation 
occurs during this time. Since 
degradation does not increase from 1 
to 2 minutes the shift from 0 ultra­
sonic time to the curve seen after 1 
minute implies deagglomeration 
occurred during the first minute. 
The difference in 0 and 1 minute 
ultrasonic time is ~ 1% for the % < 
44 µm and < 0.5% for the % < 20 µm. 
Similar results given in Table X for 
Lots lB-034-060 and 6203-16-0lU were 
also seen. Particle degradation did 
appear with an increase in the % < 44 
µm of 5.5% after 10 minutes and 12.2% 
after 15 minutes. The % < 20 µ1ll had 
an increase of about 1.5% after 10 

· minutes and 4. 3% after 15 minutes 
(Fig. 13). 

Ultrasonic degradation of particles 
appears selective to the larger TATB 
particles as has been seen with 
powders such as I-IMX and RDX. In Pig. 
14, which shows the effect of 100 
watts ultrasonic, it can also be seen 
that degradation is also selective to 
the larger wet-aminated crystals. 

Ultrasonic degradation of wet-aminated 
TATB particles is more pronounced. 
\'let-aminated crystals are generally 
larger, contain more fissures and 
regions of crystalline stress (Fig. 15). 
In Table X it can be seen that TATB Lot 
12-02-76-0824-108 changed 9.3% and 2.4% 
for the % < 44 and 20 µm values, respec­
tively, after 1 minute duration time in 
a 3S~watt ultrasonic. 



Wet~aminated TATB lot 12-02-76-0823-
107 was sieved after ultrasonic 
treatments using a 35- and 100-
wa tt genera tor. . Table VII and Fig. 
16 show·a difference of about 19% for 
the % < 44 µm and 13% for the % <. 
20 µm between the 35- and 100-
watt ultrasonic treatment. From 
this table it can also be seen that 
due to 100-watt ultrasonic, a ·. 
considerable red~ction in the percent 
retained on the 70, 60 and SO µm 
sieves occurred; while an increase · 
in the percent retained on the 20, 
10 and < 10 µm also occurred. Again 
particle degradation appears to be 
associated with the larger particles. 
Material retained on the 100, 80, 60, 
44 and 30 ]JIIl sieves after the 35-watt 
ultrasonic analysis were·separately 
washed into a flask. These samples 
were then subjected to 1 minute in a . 
100-watt ultrasonic. The samples were 
th~n poured into their initial retainirig 
sieve and rewashed to determine the · 
reduction of p~rcent retained. The 
results are given in Table VII and 
Fig. 14. ·Photomicrographs of particles 
retained on the various sieves before 
100-watt ultrasonic are shqwn· in Figs. 
17 through 22, .as well as .sample drawn 
from the solution which passed the .. 
various sieves after 100-watt ultra­
sonic. Degradation of the particles 
previously retained by ·these sieves· 
can be seen (Figs. 17 through.22). In 
these figures close-up photographs 
were made of various crystals which· 
were found in the passing solution. 
These photographs show shapes and 
fracture plains not previously seen. 

The percentage of the initial sample 
retained on the various sieves was 
reduced as much as 96% on the 60 µm 
sieve, while all the other sieves 
also .retained less (Table VII). The 

· reduction in percent retained appears 
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the greatest above 40 µm; while an ~ 
increase in percent .retained is· 
observed below the 30 µm sieve. 
This is due ·to the redistribution of 
fines created by degradation of the 
coarse particles that are now retained 
on sieves below the initial retaining 
sieves. 

A similar 35- and.100-watt ultrasonic 
study·was also conducted on wet­
aminated TATB 12-02-76-0824-108 
and·standard-aminated lB-034-060. 
Res4lts are given in Table VIII. A . 
difference of 17% for the.percent less 
than· 44 µm was again seen for the 
35- and 100-watt ultrasonic treatments 
(Lot 12-02-76-0823-107 was~ 19%). 
In Fig. 23 photomicrographs of .TATB· 
after 35- and 100-watt ultrasonic 
treatment show the difference in 
particle degradation by the two 
treatments. 

In Table VIII it can also be seen 
that difference in ultrasonic wattage 
(35 and 100) does not degrade standard­
aininated crystals as nruch as for the 
wet-aminated TATB. · The difference 
between the tivo treatments was only 
about 1% for.both the % < 44 and 20 
µm. Since the particles for the 
standard-aminated TATB in this parti­
cular case are larger than·that of 
the wet-aininated lot, this is signifi­
cant. Particle degradation as shown 
above occurs more in the larger 
particle than the finer ones when 
subjected to ultrasonic treatment. 
Thus, this tends to show a difference 
in particle strength between wet- and 
standard-aminated crystals. The 
various laboratories are using different 
wattage ultrasonics, but a large vari­
ation in sieving results .was not ·seen 
when testing standard-aminated samples 
because degradation was not as severe 
as with wet-aminated samples. 

.. 
J 



Since ultrasonics tends to degrade 
TATB particles, it was concluded 
that another source of dispersion 
was necessary. Previous ultrasonic 
studies (Fig. 12) involving dry­
aminated TATB indicate little change 
in particle size for those having 
wrist-action shaking only and those 
having up to 2 minutes 35 watt 
ultrasonic treatment. 

Four samples were used to evaluate 
the use of the wrist-action shaker 
(Burrell Model 75) for dispersion of 
TATB for sieve analysis. The standard 
sieving procedure prescribed by LASL 
(13Y-188025) was used which consists 
of (1) a two sieve nest, · (2) 2 
minute wash/sieve at a flow rate of 
150 mt/minute on a turntable without 
outside agitation, (3) eluant, TATB 
saturated acetone. Modification to 
the procedure was as follows: (1) 1 g 
or less sample size depending on 
sample fineness, (2) sample placed in 
250 mt flask suitable for ground glass 
stopper, (3) flask filled with 200 mt 
of TATB saturated acetone, stoppered 
and (4) placed on a wrist-action 
shaker for 15 minutes, lever arm used 
to control amplitude of agitation at 
position 10. 

The repetition results shown in Fig. 
24 and Table IX were extremely good 
for both the wet- and standard­
aminated TATB. The maximum spread 
in the repetitions was 3.31% for 
wet-aminated TATB 12-02-76-0824-108 
at the % < 44 µm; while for the 1 
minute 35-watt ultrasonic repetition 
study (Table II) the spread was 11.75%. 
For standard-aminated TATB wrist-action 
shaker test the repetitions were all 
less than 1. 5 % • From these results it 
can be concluded that the use of only 
wrist-action shaking does <l.isverse 
TATB and repeatability can be achieved 
in sieving. 

-9-

Sieving results of the % < 44 and 20 
]..llll sieves with and without ultrasonics 
did vary approximately 1% for ~tandard­
aminated TATB. This was expected as 
shown earlier in previous ultrasonic 
studies. The comparison of ultrasonics 
and wrist-action shaker only for wet­
aminated TATB did not compare because 
the difference in the two treatments 
was approximately 9.5% for the % < 44 
µm and 2.3% for the % < 20 µm. 

From these results it can be concluded 
that the wrist-action shaker gives 
similar results to 35-watt ultrasonic 
treatment for standard-aminated TATB. 
For wet-aminated TATB the results are 
different; however, the repeatability 
is better when dispersion is by wrist­
action shaker only. 

CONCLUSION 

From the round-robin study it was found 
that the mean % finer than 44 and 20 µm 
obtained by the various labs were not 
the same and their results differed more 
than the acceptable 3%. Differences in 
laboratory results ranged up to 12%. 

Intra-laboratory repeatability was rather 
poor in some cases. Variations up to 
11% were experienced. 

As a result of the poor inter- and 
intra-laboratory repeatability the 
inter-laboratory evaluation of sieve 
analysis was extended. Results from 
this study indicate the following: 

1. The average standard devi­
ation of a sieve nest was 
less than 1.0 when four 
technicians were used in 
separate repetition studies. 

2. The maximum standard devi­
ation in 5 repetitions for 



the % < 44 and 20 i.an sieves 
did not exceed 1.7. 

3. The difference in sieve results 
between two technicians sieving 
the same lot of TATB did not 
exceed 1%. 

· 4. Sieve nest size (14 sieves 
versus 2 sieves) did not 
affect sieving results more 
than 1%. 

5. . The use of different sieve sets 
can cause the sieving results 
to.vary. When three different 
sieve sets were.used in a repeti­
tion study the mean % < 44 µm 
differed as much as 8.5%. 

6. Sample size influenced sieving 
results for powders with large 
length/width ratios, and ex­
cessive sample size appeared to 
be important when a large.per­
centage of particles were 
required to pass the smaller 
sieves. Powders having L/W's 
greater than 2 should not be 
sieved due to the influence of 
particle.orientation on parti­
cle retention. Srunple size 
should be based on weight re-
tained so that retention does 
not exceed 6 particle thicknesses 
for the opening area of each 
sieve. 

7. Ultrasonic vibration can cause 
particle degradation. Degrad-

-10-

ation is influenced by the 
following: 

a. Duration time of the 
ultrasonic treatment 
should not exceed 1 
minute for low wattage 
ultrasonics. Degradation 
is accumulative with 
duration time. 

b. Ultrasonic wattage greatly 
influences degradation. 
An increase of 19% for the 
% < 44 µm was noted with 
100 watts rather than 35 · 
watts. 

c. Particle Size - The large 
crystals degradate at a · 
faster rate than finer 
crystals. 

d. Wet aminated crystals 
appear to fracture easier 
than standard-aminated 
crystals. 

8. A wrist-action shaker used 
for particle dispersion, 
appears to.give similar r.esJJlts 
to 35 watt/l minute ultrasonic 
treatment for standard-aminated 
TATB. For wet-aminated TATB, 
repeatibility is greatly im­
proved when dispersed by a 
wrist-action shaker only. 

. I 

• I 
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Table I. Round Robin Particle Characterization of TATB 

Arithmetic % Finer % Finer 
Sample Weight ~ Retained on Sieve Size (µm) Mean Than Than 

Identification 180 150 130 100 90 80 70 60 so 44 40 30 20 10 10 ( µm) (44 µm) (20 µm) -- -- -- -- -- -- -- --
Development Samples 

1B-034-C21-01 0.06 0.02 0.07 0.33 o. 21 0.37 1.06 10.58 34.29 13.57 11.16 8.57 5.34 11.59 2.78 44.79 39.45 14.37 
-02 0.02 0.00 0.01 0.31 0.07 0.33 1. 21 10.82 33.79 14.00 11.89 8.46 5.42 11.89 2.61 44.59 39.46 14.50 
-03 0.08 0.03 .0.05 0.36 0.26 0.37 0.97 10.46 10.46 13.53 11.05 8.35 5.39 11.89 3.00 44.62 39.69 14.90 
-04 0.09 0.06 0.07 0.38 0.29 0.42 1.12 10.39 33.26 13.65 11. 22 8.42 5.46 12.04 3.15 44.55 40.29 15.19 
-05 0.09 0.10 0.12 0.30 o. 27 0.41 0.80 9.27 32.80 14.05 11. 97 . 9.08 5:47 11.96 3.32 44.07 41.80 15.28 

Mean 40.14 14.85 
Std. Dev. 0.99 0.40 

' 
. Production Samples 

,__. ,__. 
1B-034-C21-01 0.06 0.03 0.04 0.16 0.18 6~ 35 1.36 13.50 14.01 21.28 20.32 10.25 5.11 9.30 3.99 43.26 48.97 13.29 

-02 0.04 0.02 0.02 0.16 0. 27 0.29 0.95 . 8.06 31.65 14.68 13.05 10.65 5.20 9.97 4.99 43,09 43.85 14.96 
-03 0.09 0.07 0.05 0.07 0.08 0.15 0.93 12.24 17.43 14.08 25.40 9.55 4.53 · 10.30 5.05 42.16 54.83 15.35 
-04 - 0.04 0.01 0.03 0.15 0.02 0.17 1..35. 7.90 31.43 14.55 13.82 l0.32l 5.52 9.70 4.86 43.03 44.24 14.57 
-05 0.05 0.07 0.04 0.03 0.06 0.22 0.-98 13.54 16.22 15.91 23.11 9 . .85 5.45 10.23 4.26 42.51 52.89 14.49 

'.Mean 48. 9.6. 14 .. 53 
Std. Dev. 4,96 ·O. 77 

CordovaSampies 

1B-034-G21-0l . 35 .• 2 12 . .8 
-{)2 33.3 . 14.{) . 
-03 36;2 14.1 
-04 42.5 -15.2 

Mean 36.-8 14.0 
Std. Dev. 3.99 0.98" 





Table II. Intra-laboratory Repeatability of TATB Sieve Analysis 

Arithmetic % Finer % Finer 
Sample Weight % Retained on Sieve Size (µm) Mean Than Than 

I-:lentification 180 bo 130 100 90 80 70 60 so 44 40 30 20 10 <Io (J:!m) (44 J:!ID) (20 J:!ID) 

6063-16-0LU 0.06 0.12 0.18 9.46 9.50 19.97 18. 95 17.35 10.20 2.18 2.32 3.69 3.10 2.08 0.84 72. 92 12.03 2.93 
-02 0.05 0.07 0.31 10.37 9.36 19.95 19.99 17.17 9.68 2.10 2.03 3.35 2.85 1.98 0.73 73.92 10.94 2. 71 
-03 0.02 0.05 0.21 9.78 9.53 21.04 18.29 17.02 10.08 2.24 2.16 3.61 3.'12 2.13 0.73 73.25 11. 74 . 2.86 
-oi 0.00 0.03 0.13 8.20 7.90 20.52 19.81 17.76 10.78 2.34 2.38 3.90 3.19 2.17 0.88 71.54 12.52 3.05 
-05 0.23 0.08 0.31 13.16 11. 32 20.18 16.57 lS.24 9.69 2.04 . 2.11 3.44 3.03 2.01 0.59 75.79 11.17 2.60 

~ean 0.07 0.07 0.23 10.19 9.52 20.33 18.n 16.90 10.09 2.18 2.20 3.60 3.06 . 2.W .0:75 73.48 11.68 2.83 
~td. Dev. 0.09 0.03 0.08 1.84 1.21 0.46 1.38 0.97 0.45 0.12 0.15 0.22 0.13 0.08 0.11 1.55 0.64 0.18 

4267-16-01 0.00 0.05 0.08 1. 75 4.15 6:94 17.08 16.13 21.58 11.57 3.15 8.59 4.25 1.85 2.88 58.24 20. 72 4.73 
-02 0.02· 0.01 0.08 1:98 4.78 7.04 n.27 16.01 21.37 11.91 2.95 7.73 4.11 1.80 2.95 58.91 19.54 4.57 

I -03 0.01 0 .. 02 0.09 2.09 4;77 6.90 17.07 15 .. 32 21.87 12.80 2.89 ·7.54 4. 0,6 L86 2. 71 58.92 19.06 4.57 
f-' -C4 0.00 0.01 0.08 1.69 4!.32 6. 77 17.02 15.49 22.00 12.61 3.14 7. 71 4.13 1. 87 3.16 58.13 20.00 5.03 Vl 
I 

Mean 0.01 0.01 0.08 1.88 4.50 6.91 17 .11 15.74 21. 70 12.22 3;03 7.89 4.14 ·1.84 2;92 58.55 19.83 4. 77 
Std. Dev. 0.01 0.01 0.00 0.16 C.28 0.10 0.10. 0.34 0.25 a.so 0.11 0.41 0.07 0.03 0.16 0.37 0.61 0.17 

:..B-034-Q;;l 0.06 0.02 0.07 0.33 0.21 0.37 1.06 10.58 34.29 13.57 11.16 8.57 S.34 11.59 2.78 44.79 39.45 14.37 
·-0;;2 0.02 0.00 0.01 0.31 0.07 0.33 1.21 10.82 33.79 14.00 11.08 8.46 5.42 11:89 2.61 44.59 39.46 14.50 
-0:;!3 0.08 0.03 0.05 0.36 (I. 26 0.37 0.97 10.46 34.21 13.53 11.05 8.35 5.39 11.89 3.00 44.62 39.69 14.90 
-OZ4 0.09 0.06 0.07 0.38 0.29 0.42 1.12 10.39 33.25 13.65 11.22 8.42 S.46 12.04 3.15 44.55 40.29 15.19 
-0~5 0.09 ·0.10 0.12 0.30 0.27 0.41 . 0.80 9.27 32.80 14.05 11.97 9.08 5.47 11.96 3.32 44.07 41 .. 80 15.28 

Mean 0.07 0.04 0.06 0.34 Q.22 0.38 1.03 10.30 33.67 13. 76 11.30 8.58 S.42 11.87 2.97 44.52 40.14• 14.85 
3td. Dev. 0.03 0.04 0.04 0.03 0.09 0.04 0.16 0.60 0.64 0.25 0.38 .0.29 0.05 0.17 0.28 0.27 0:99 0.40 



Table II. Cont'd 

Arithmetic % Finer % Finer 
Sample Weight % Retained on Sieve Size (µm) Mean Than Than 

Identification 180 150 130 100 90 80 70 . 60 so 44 40 30 20 10 <lo (µm) (44 µm) (20 µm) -- --
6203-16-0lU 0.26 0.10 0.20 0.22 0.10. 0.20 0.30 0.74 0.48 0.38 0.39 1.29 12. 72 72.85 9.75 97.0 82.60 

0.27 0;35 0.31 0.33 0.28 0.25 0.30 0.38 0.32 0.76 0.37 1. 26 11.43 70. 72 12.67 96.44 83.38 
0.18 0.07 0.15 0.17 0.18 0.12 ~·:6~ 0.19 0.25 0.68 0.27 1.43 11.43 74.78 9.91 97.83 84.69 

.0.02 0.00 0.06 0;05 0.04 0.02 0.05 0.24 0.14 0.20 1.19 11.22 75.07 11.63 99.31 86.70 
0.16 0 .. 26 0.31 0 .. 24 0.16 0.17 D.13 0.24 0.37 0.40 0.40. 1.48 12.89 70.36 12.42 97.55 82.78 

Mean 0.18 0.16 0.21 0.20 0:15 0.15 0.20 0.32 0.33 0.47 0.33 1.33 1i. 94 12: 76 11 .. 28 97.63 .84.03 
Std. Dev. 0.10 0.14 0.11 0.10 0.09 0.09 D.10 0.26 0.10 {). 25 0.09 0.12 . .0.80 2.20 1.38 1.08 1.70 

12-02-76-0824-108 
No. I 0.06 0.04 0.06 0.07 0.03 0.55. 3;16 10.23 18.62 8.99 8.97, 20.38 15.79 12.94 .0.10. 58.19 13.04 

. 2 0.16 0.20 0.18· 0.20 0.27 1. 76 5.30 11.43 17 .85 . 8.42 6.74 18,22 14.oo 11.11 . 2.39 53.23 14.27 
I 3 0.18 0.13 0.15 0;24 0.32 2.13 5 .. 13 13.49: 18.69 · .. 7.19 8.39 16.44 13.54 li.12 1.85 51.35 12.98 ,_. 4 0.22 0.25 0.32 0.36 0. 32. 0.60 . 2.18 7.76 15. -54 9;32 . 8.40 21.87 16.52 14.0~ 2.24 63.10. .13,31 ..,,. 
I 5 0.22 0.30 0.16 0.15 0.65 _0.71 .3. 98 10.li 17.64 8.66 8.54. 20.04 15.24· 13.3~ 0.21 57.40 . 13.57 

Mean (Ey) 0.17 0.18 0.17 0.20 0.32 1.15 ~.35. 10. 6ci 17.67 8.5·2 8.21 ·19.39 15.02 12.67 1.36 56.65 13.43 
Std. Dev. (o) 0.0.7 0.10 o .. o9 0.11 0.22 0.14 1..82 2.09 1.28 0.82 . 0.85 ·. 2.10 1. 24 1.18. 1.12 4.59 0.52 

6 0.51 0.50 0.40 0.46 0.62 1. 22 +.75 14.45 -l9 .12 7.25 . 8.02 16.98 12.60 11.10 2.02 50.72 13.12 
7 0.51 0.49 0.48 0.44 a.so 0.87 2.69 8.25 17.06. 8.11 . 9.05 19.22 15.50. 12.12 4;24 60.59 16.36 
8 0.11 0.18 0.06 0.10 0.19 1.95 l.20 10.74 17.12 9.12 8.48 19.09 15.04 11.80 1.81 56.22 13.61 
9 0.20 0.17 0.06 o. 21 0.38 . 3.15 7. 27 14.02 18.85 8.49 6.40 15.67 12.6& 10.13 2.30 47.18 12,43 

10 0.32 0.24 0.24 0.38 0.62 4.10 .3. 01 15.66 19.3.5 7.26 6.91 14.48 12. 08 .9.95 0.40 43.83 10.36 

Mean (i::i 0) 0.33 0.32 0.25 0.32 ·0.46 2.26 ).38 12.62 18.30 8.05 7 .77 17.09 13.58 11.02 2.15 51.71 13.18 
Std .. Dev. (o) 0.18 0.17 0.19 0.16 0.19 1. 35 ~.21 3.05 1.12 0.81 1.09 2.08 1.57 0.97 1.38 6.76 2.17 

Total Mean (i::gO) 0.25 0.25 0.21 0.26 . 0.39 1. 70 i.87 11.61 17.98 8.28 7.99 18.24 14.30 11.84 1. 76 54.18 13.30 ..... ) 

Std. Dev. (o). 0.15 0.15 0.15 0.14 0.20 1.18 l.98 2.68 1.18 0.80 0.96 2.32 1.53 1.34 1.25 6.04 1.49 :. 

.. :I 
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Table IV. TATB Sieve Retention Limit· for Various Sieve Sizes 

1 Particle Thick 6 P2rticles Thick 6 Particles Thick Thickness of 
100% Sieve Area 100~ Sieve Area· 25% Sieve Area 6 Particles 

Sieve Size Retained Wt. Retained Wt. Retained Wt. (nnn) 

180 1. 5825 9.4950 2.3737 1. 08 

150 1. 3187 7.9125 1.9781 0.90 

130 1.1429 6. 8575 . l. 7144 0.78 

100 0.8792 5.2750 1. 3187 0.60 

90 0.7912 . 4. 7475 .1.1869 0.54 

80 0.7033 4.2200 1.0550 0.48 

70 0.6154 .. 3.6925 0.9231 - 0.42 

60 0.5275 3.1650 0.7912 o.36 
I 

I-' so 0.4397 2.6375 0.6594 0.30 . Q\ 
I 

44 0.3868 2.3210 0.5802 0.26 

40 0.3517 2.1100 0. 5275 . 0.24 
30 0.2637 i.·s825 . · 0.3956 0.18 
20 0.1758 1.0550 0.'2637 0.12 

10 0.0879 0.5275 0.1319 0.06 

L, ' ' I 
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Table V. Weight % Finer than Sieve Size vs. SaIIIJ?le Size for TATB Sieve Analysis 

Sanple 
Identification 

12-02-76-0828-108 

6203-16-0lU 

Sample Size 
(g) 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1. 3 

1.4 . 

1. 5 

0. 5. 

0.7 

0.9 

1.1 

1. 3 

1. 5 

% Finer 
Than 

· (44 µm) 

62.~0 

60 .9.0 

58.95 

47.83 

.49.72 

49.52 

43.18 

4i.:01 

46.71 

31.89. 

31.16 

99.56 

99.18 

99.40 

99.53 

99.36. 

99.53 

% Finer 
Than 

(20 µm) 

16.88 

15. 59 

14.36 

13.48 

18.31 

14.14 

10.74 

12.90 

12.80· 

12.09 

·9. 50 

87.19 

87.86 

-88.78 

87. 55 ~. 

86.07 

87.93 

Two Sieve Nest - 15 Minute Wrist Action, 1 Minute Ultrasonic 35 Watt, 2 Minute Wash/Sieve with 
Flow Rate 15{~ mt/Minute 



Table VI. Ultrasonic Vibration (35 Watts) Affect on TATB 6063-16-0lU Distribution After Various Duration· Times 

Ultrasonic 
Duration Arithmetic . % Finer % Finer 

Ti'llea Weight % Re~ained on Sieve Size· (µm} Mean Than Than 
(Minutes) 180 150 130 100 90 80 70 60 so 44 40 30 20 10 <lo (µm) (44 µm) (20 µ11Q 

0 0.10 0.19 0.54 13.84 13.41 20.88 F>. 77 13.98 8.47 1. 78 1.80 3.02 2. 72 1.97 0.52 77 .60 . .10.03 2.49 

2 0.00 0.08 0.26 10.26 10.38 20.55 U.14 16.66 9.82 1.93 2.02 3.30, 2.90 1.99 o. 71 14.15· 10.92 2.70 

4 0.03 0.06 0.22 7.78 8.69 19.56 El.29 18.81 11.03 2.16 2.42 3.81 3.07 2.11 0.97 71.50 12.37 3.08 

10 0.03 0.04 0.06 2.40 4.63 17.66 21.34 22.79 12.86. 2.68 2.99 5.02 3.50 2.14 1.85 65.73 15.51 3.99 

15 0.00 0.00 U.02 0.32 0.88 7.09 19.13 29.55 16.86 3.48 4.31 7.07 4.42 2.56 4.32 57.49 ·22.61 6.88 

'· 
. I 
I-' 
00 

I 

aAZl samples were subjected to 15 minutes 1.i.1rist-action sr.aki~g before being plaaed in the 35 watt Ultrasonic - O minutes applies only 
to the Ultrasonic time. · 

·-'.. _r 
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Table VII. TATB Particle Characterization Paritex - LASL/Cordova Samples - TATB 12-02-76-0823-107 

. % Finer % Finer 
Sample Weight % Retained on Sieve Size· (µm) Than Than 

Identification 180 150 130 100 90 80 70 60 so 44 40 30 20 10 . <10 . (44 µm) (20 µm} 

Pantex (Sample)" 0.44 0.25 0.17 1. 00 1. 37 7.30 6.67 10.19 11.01 3.05 4.52 11. 71 16.52 20.33 5.47 58.55 25.79 

LASL (Branson 
I.ow Power 
U1 trasonic) .0.42 0.44 0.35 0.42 0.63 1. 72 2.54 9.40 12.40 3.86 5.93 14.02· 17.34 23.36 7.16 67.82 30.52 

LASL (100 Watt 
Ultrasonic) 0.25. 0.23 0.21 .0.28 0.26 0.34 0;39 2.82 5.79 2.83 4.87 15.17 •23.45 27.30 15.79 .. 86.60. 43.09 

LASL (35 Watt 
U1 trasonic) 0.25 0.26 0.16 0.87 1.53 3.81 4.65 6.66 9.32 2 .. 98 4.75 11.99 16.61 21.82 14.32 

I % Retained of the 
f-' 
<.O Above (35 Watt Ultra-

sonic) After an Addi-
tional 1 Minute Ultrasonic 
(100 Watt) 39.08 7.37 3.61 14.61 67.14 

% Passing After 
1 Minute 
Ultrasonic 
(100 Watt) 60.92 92.63 96.39 85.19 32.86 



I 
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0 
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Table VIII. Sieve Analysis of Cordova Standard- and Wet-Aminated TATB · 
Using 35 and 100 Watt Uitrasonic· 

Sample 100 Watt Ultrasonic 
Identification % <44 µm % <20 µ.m 

12-02-76-0824-108 51. 90 10.53 
(Wet..:Aminated) 63. 78 16.41 

Avg. 57.84 13.47 

lB-034-060 21.00 12.85 
(Standard-Aminated) 22.84 15.45 

Avg. 21. 92 14.15 

Sieve Calibration (µm) 45.2 22.5 

Sample · 
Size 
(g) 

0.9560 
0.8612 

0.9076 
1.1438 

% 
35 Watt Ultrasonic 
<44 µm % <20 µm 

39.74 4. 28. 
41.98 11.69 
40.86 7.98 

21.12 13.45 
20.21 13.41 
20.66 13.43 

45.2 22.5 

Sieve AnaZysis PerfoY'ined as Prescribed by L£SL Materials Specifica.tion · IJY-188025 

Sample 
Size 
(g) 

1.1295 
1.0464 

1. 0319 
1.1144 

Sieve Nest Two Sieves - 45. 2 and 22. 5 µm Openings· (Calibration by Microscopy -·Pilar Micrometer) 
Flow Rate @ 150 mt/Minute 
Sieve Rotation 20 rpm/Minute 
Pressw•e Tank 1 ~ 5 · (psi) 
OVen Temperature 50 C 

. Drying Time ... ·JO Minu.tes 

·' 

.~. 
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Table IX. Intra-Laboratory TATB Sieve .Analysis of Standa.rd- ajid Wet-.Aminated TATB . . . 

(Sample Dispersion by Wrist-Action Shaker Only - Duration Time 
lS Minutes) 

Weight % Retained 
on Sieve Size % Finer % Finer Sample 

Sample (µm) Than Than Size 
Identification 44 20 (44 µm) (20 µm} (g) 

TATB. 6063-16-0lU 87.81 9.7S 12.19 2.44 1.0009 
87.SO 9.79 12.49 2.70 1.0084 
86.09 10.68 13.91 3.23 1.0091 
90.20 9.80 9.80 2.99 . 1. 0031 
87.80 9. 72 12.20 2.48 1. 0041 

x 87.88 9.9S 12.12 2. 77 
a 1.48 0.41 1.48 0.34 

lB-034-060 78.8S 7.32 21. lS 13.83 Loo19 
79.22 7.20 20.78 13.S8 1. 0074 

I 
79.09 7.64 20.90 13.26 1. 0018 
79.03 7.S8 20.96 13.39 1. 0007 N 

....... 
79.38 7. 72 2i). 62 12.90 i::ooos I -

x· 79.11 7A9 20.88 13.39 
a 0. 20 0. 22 . 0.20 0~-3S 

6203-16-0lU 1. 42 11.98 98.S8 86.60 O.SOlS 
1.12 13.68 98.88 8S.20 o.sooo 
0.44 12.37 99.S6 87.19 O.S020 
1.38 14.37 98.62 84.2S O.S002 
1.36 13.82 98.64 84.82 O.S014 

- 0.92 13.S7 98.08 8S. so O.S008 
x 1.11 13.30 ' 98.89 8S.S9 
a 0.38 0.92 0.38 1.11 

TATB-12-02-76-0824-108 S6.48 32.51 ·.·43.S2 11. 01. 1. 0010 
SS.80 33.70 . 44. 20 10.SO 1.0020 
S3.17 3S.61 46.83 11.22 · 1. 0017 
SS .. 03 34.0S 49.96 10.92' 1.0010 
SS.46 33.2S 44.54 11.29 1. 0000 x SS.19. 33.82 44.81 10. 99 

a 1. 24 1.lS 1. 2S 0.31 
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Identification 

TATB 6063-16-0lU 

TATB lB-034-060 

TATB 6203-16-0lU 

TATB 12-02-76-0824~108 

Tab1~ X. Particle Dispersion.Using 35-Watt Ultrasonic 
and Wrist-Action .Shaker 

1 Minute Ultrasonics 
· (:i5 Watt) 

· % Finer Than 

.. 
No Ultrasonics 

% Finer Than 
44 µrn • · 20 µID 44 µm 20 µm 

11.68 2. 83. 12.12 2.77 

20.66 13.43 20.88 13·,39 

97.63 &4.03 98.89 85.59 

54.1~- 13.30 44.81 10.99 
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Weight % Finer Than Sieve Size 

Fig. 3. Intra-Laboratory TATB Sieve Analysis for Wet-Aminated TATB 
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Fig. 8. Cordova TATB 12-02-76-0824-108. Retained by 44 and 20 iim 
Sieve After Washing Various Sample Sizes Using LASL 
Procedure 13Y-188025 (Ultrasonic 1 minute, 35 watts) Mag. ~ 
135X, Index of Refraction Oil 1.416. 
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TATB Retained by 20 µm Sieve 
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TATB Retained by 44 -µm Sieve 
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..,. U20 
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Fig. 10. Cordova TATB 12-02-76-0824-108 Retained on 44 and 20 µm 
Sieves After Washing Various Sample Sizes Using I.ASL 
Procedure 13Y188025 (Ultrasonic 1 minute, 35 watts) 
(Mag. '\, 135X) 

-32-

.. 



.. 

,, 

, 
, 

• 
L.J44 

Sampl e S i ze 0. 5 grams 
T/\TB Reta i ncd by 1ltJ ji lll s i l)V C 

... • ' ,,. • w-: . .,,;# ., 
~ . . · .. .... .a 
""":" 

LJ 20 

' Sampl e Size 0. 5 grams 
TATB Re t ained by 20 inn Sieve 

Fig . 11. Cordova TATB 12-02- 76- 0824- 108 Ret ained on 44 and 20 11m 

Sieves Aft er \\'ashing 0. 5 Sampl e Us ing LASL Procedure 
l3Y188025 (LJ1trasonic 1 minute , 35 wa t ts) (~· lag . "' 135X) 

-:u 



I 

VI .,.. 
I 

100 

90 

80 Ultrasonic Times 
Minutes 

·--· 0 70 
•-• 1 (]) 

x--x 2 N 
•.-t 
(/) 

Q) 0-04 

> 60 +--+ 10 <l.> 
•.-t 
Cf) 

c 
C13 

..r:: 50 E-
$-< 
<:> 
c 

·.-t 
u... 40 
o\ O 

.µ 
..r:: oc 
•.-t 
(]) 30 :s: 

20 

10 

0 20 40 60 80 100 120 140 160 180 200 
Sieve Size (µm) 

Fig. 12. Ultrasonic Vibrasonic Vibration (35 Watts) Affect on Standard-Aminated TATB Distribution After 
Various Duration Times (Pantex Standard-Aminated TATB Lot 6063-16-0lU) 



.. 

Q) 
N 

'M 
U) 

Q) 

> Q) 
' M 
U) 

~ 
J..; 
Q) 

.s 
J:.L.. 
o\O 

.µ 
...c: 
b() 

'M 

~ 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

12.2% 

/. 
·-· 

• 

I 
4.~% 

j 20 µm 

·--~· . 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Ultrasonic Time (Minutes) 

Fig. 13. TATB Particle Size Reduction Due to 35 Watt Ultrasonic 
Vibration at the 44 an~ 20 µm Sieve Intervals - Stan<larJ­
Aminated TATB Lot 6063-16-0lU 

-35~ 



100 ~ 

90 .... 

80 -
a> s 

·r-1 
E-< 

~ 70 -
0 

·r-1 
.µ 
ro 

a 
a> 60 -.µ 

§l 
·r-1 
~ 
,..-1 

H 50 ...... 
a> 
.µ 

~ 
~ 
0 

·r-1 
.µ 40 ...... 
u .g 
~ 
o\O 

.µ 30 -...r::: 
00 

· r-1 
a> ::s: 

20 -

10 -

I I 

0 10 20 

Fig. 14. 

-
-

-

-

-

I I I I I I 
30 40 50 60 70 80 90 100 

Particle Si zc ( 1JID) 

TATB Particle Size Reduction Due to 100 Watt 
Ultrasonic Vibration at 30, 44, 60, 80 and 
100 µm Sieve Intervals for Wet-Aminated TATB 
Lot 12-02-76-0823-107 

-36-

.. 



.. 

. .. 
, ... .. , 

Mag. ,,, 84 OX 

• 

. .. . • 

• • # '4'_ . ., . " . ..... 
U10 

Wct -Arni natcJ TJ\'1'13 12- 02-76- 0824 - 108 

- .. , 
• 

• 

• 

Mng. '\; 345X 

.. 
' . ... • 

... L .i. • • 
Mag . "' 135X (lO µm ln<licatcd by Scale Mag . "' 345X 

Stan<lard-Aminatcd TATB 6203-16-0llJ 

Fig . 15 . Stm1dard- an<l Wct-Arilina t cd Ti\TB at Various ;, 1agr,~fic~tions 
(Index of Refraction Oil 1.416) (Samples have no previous 
treatment other than sLi de preparation.) 

-37-



I 

V'I 
00 

I 

100 

90 

80 

Q) 
70 

N 
•r-i 
Cf) 

Q) 

> 
Q) 60 

•r-i 
Cf) 

c 
ro 
..c 
E-< 50 
;.... 
Q) 
c 

•r-i 
[..;_. 

o\O 40 
.µ 
...c:: 
00 

•r-i 
:u :s: 30 

20 

10 

0 

· /+-~;+-;;"Ft-·~.!'f=±.;.:·+~±+---+~-•-+-1-----x---------x 
44 µrn +_,.+ , ... x 

I 
i.{ l' 

f I 
,.f I 

-i"-t I 

ii t 
I 

+ 
I 

+ 
I 

+ 
I 

+ . 
+ 
I 
+ 
I 

+ 
I I 
+ I 
~ 

I+ I 
I x 

If I 
+ I 
I I 
~ I 

-:-1 I 
+ I 
I X 
-:) 

-:- I 
+I 
I 
+I 
I 

+/ 
I 
+I 

µm 

Pantex Sample After 1 Minute in 35 Watt Ultrasonic 

1 Minute in 35 Watt Ultrasonic 

1 Minute in 100 'Watt Ultrasonic 

/1 
J 

20 40 60 30 100 120 140 160 180 200 

Weight ~5 Finer Than Sieve Size 

Fig. 16. Pantex Sieve Analysis of TATB 12-02-76-0823-107 Using Pantex and I.ASL Prepared Samples 



.. 

'l'ATB Rct a i lll'<l on 100 pm Si eve 
Before 100 Watt lJ l t r~ 1 son ic Treatment 

lM;1g . . ,, 13SX) 

t 

• • 
' • 

J • 
~ 

__ __,1100 

y 

·- I 30 ,· I 00 pill TJ\'l'B J\ ft r· 60 :Seconds 
'JOO W;itt Ultr:isoni ·s (Mag. " ' 135X) 

~ 130 > lOO µm TATB After Ultrasonics (~Ing . "· 840X) 

Fig . 17 . 100 Watt U1 trasoni.c Stu<ly Us]ng Sieved Cordova TJ\'113 . LASL 
1701-03, Lot 12-0L - 76-082 3-107 (In<lex of Rcfractjon Oil J.4 .16) 

-39-



~ 
TATB I~ tained on 80 µm Sieve 

Before 100 Watt Ultrasonic Treatment 
(Mag. "' 135X) 

I II 

" 

\ 

•• 

•• . .,.-··. t :-
• 1 • .. " . . 

• • t ~ . 
• • 

"' 
• !...cp. , .... ~ 

< 90 > 80 µm TATB After 60 Seconds 
100 Watt Ultrasonics (Mag. I'\, 135X) 

< 90 > 80 µrn TATB After 100 Watt Ultrasonics (Mag. "' 840X) 

Fig . 18. 100 Watt Ultrasonic Study Using Sieved Cordova TATB. LA.SL 1701-03, 
Lot 12-02-76-0823-1.07 (Index of Refraction Oil 1.416) 

-40 -

I 
" 

.. 



.. • •• " 1~ • ,, . II 
" • . .. • .. .., ·AP , . ... .. . 

"' " . "". 
" "' 

~ 

,; • ·" ... 
; -.l ,. 

TJ\TB l{ct:1 i ncd on 60 pm Si eve 
Before 100 W;1tt U1 trason ic Trcatm nt 

(t-.fag. "' I 35X) 

~ ,,.. •• . 
• ' . • • • • 

,., • " " , p • I 
II 

"· ' ~ II 

.. 

I • 
• • L_J ao • 

A 

,, 
1• 

.., 
j , ~ 

"' 

. . 

.. 

, 

. . 
, . 
" 

' , ... • 

' 
• 

,; 

, 
• # 

• 

·' 70 > C>O 11rn TJ\TB f\ rtcr CiO Seconds 
I 00 Watt lJlt r;:i son i cs (Mag. ,,, 13SX) 

< 70 > 60 11m TATI3 After 100 Watt Ultrasonics (Mag . rv 840X) 

Fig. 19 . JOO Watt Ultrasonic Study Using Sieved Cordova TATB . LASL 1701 - 03, 
Lot 12- 02- 76- 08 23-107 (Index of Rcfract ·ion Oil 1. 416) 

-41-



TATB Retained on 44 µm Sieve 
Before 100 Watt Ultrasonic Treatment 

(Mag. '\, 135X) 

• 
Cl " I 

• • •• 

~ I ll 

• 

< 50 > 44 µm TATB After 60 Seconds 
100 Watt Ultrasonics (Mag. '\, 135X) 

< SO > 44 µm TATE After 100 Watt Ultrasonics (Mag . '\, 840X) 
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.. APPENDIX I 

PROCEDURE FOR THE SIEVE ANALYSIS OF TATB 

The following procedure will describe 
the technique for sieving TATB. The 
apparatus meter settings, sample pre­
paration,· eluant and sieving will be· 
covered. 

I· APPARATUS METER SETTINGS 

A. Pressure Settings. 

(1) Rotation - rv60 psi 
(2) Vibration - "'60 psi 
(3) Tapper - "'35 psi 

(about 450 cpm) 
(4) Eluant Tank - "' 3 psi 

B. Eluant Flow 170 to 200 mt/ 
min 

c. Wrist-action shaker amplitude 

II· 

D. 

control in Position No. 10. 

Ultrasonic 

(1) Generator tuner in Posi­
tion No. 11 with milli­
amperes @ 3 5. 

(2) Water level in tank 
equal to eluant level 
in sample flask. 

PROCEDURE 

A. Preparation of Sample 

(1) Dry a riffled or quar­
tered 2.5 to 5.0 gram 
sample in vacUtDn oven 
for at least 2 hours 
to remove moisture. 

(2) Place the sample in ap­
proximately 150 mt of 
acetone. 

-47-

(3) Put the sample on the 
wrist-action shaker for 
15 minutes and then in 
the ultrasonic vibrator 
until there are no visible 
signs of agglomerate (no 
longer than 1 minute be­
cause of crystal destruc~ 
tipn after this period). 
If ultrasonic vibration 
longer than 1 minute is 
required to disperse the 
sample then additional 
preshaking is necessary. 
The wrist-action shaker 
does not damage the par­
ticles and extended time 
in the eluant does not 
seem to be detrimental. 

B. Preparation of Eluant 

(1) Acetone must be saturated . 
with TATB because TATB is 
slightly soluble'in ace­
tone. 

(2} A dispersant is not used 
for TATB sieve analysis. 

(3) Acetone should be at 
room temperature when 
used for sieving. 

C. Procedure for Sieving 

(1) Place the weighed sieves 
in a stack on the Pantex 
Sieving Apparatus. The 
sieve nest shall consist 
of electrofonn sieves 
with operative openings 
of 180, 150, 130, 100 
to 10 µm at 10 µm inter­
vals with also a 44 µm 
sieve included between 
the SO and 40 µm sieves. 



(2) 

(3) 

(4). 

(5) 

(6) 

(7) 

(8) 

.. (9) 

Turn on· rotation and ... 
vibration. 

. "t .·.; 

Pour the samPle through 
the stack of sieves. 

Wash ,~apiple container 
with ~O to 75 mi of 
eluant as,soon as pos­
sible. 

Turn on tappers and 
·place cover, over the 
· sieve stack. Turn 
tappers on as soon as 
poss.ib,le after putting 
sample in. stack so the 

· eluarit .does not build 
up ,on 10 and 20 µm 
sieve. · · 

After most of initial 
eiuant has passed 10 
µm sieve turn on eluant 
flow. 

Pass about 1300.mi or 
eluant through the 
sieve stack. ·. .. . 

Turri off· vibrators. 

Additional eluant will 
pass· through with ro­
tation and tappers on. 
When flow ceases turn 
off tappers. and rota­
tion. 
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• .. ···· (10) 

'.,. 

,, 

(11) 

(12) 

(13) 

(14) 

Remove sieves and in­
spect for TATB splashed 

·.on sides··and bottom of 
sieves·.· When necessary 
wash down the sides 
with a squeeze bottle 
and wash all. TATB. on· 
the bottom of. the sieve 
into, the lower· sieve. · · 
This may accl.Ullulate 
some eluant which may 
be removed by agitation. 

Centrifuge all eluant 
pass;ing 10 µm sieves. 

Dry sieves and centri­
fuge tubes. in vacul.Ull 
oven until all of the 
acetone is removed. 

Weigh sieves and centri­
fuge tubes. 

Calculate as percent 
retained or .. as percent 
pa~sing. · 

III. EQUIPMENT 

A.: , Burrell Wrist-Action Shaper 
l·lodel 75 .. 

B. Branson Ultrasonic Model AP-
10. 

C. Pantex Autoinatic Sieve Washer. 
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.. APPENDIX II . 

SIEVE CALIBRATION BY MICROSCOPY MEASUREMENTS 

1his calibration procedure shall be 
used to calibrate sieves from 1 to 
2000 µm. Calibration in this region 
may be done by several means, however, 
the microscope equipped with a filar 
micrometer eyepiece offers accuracy 
better than 0.5 µm. 

Calibration is accomplished by (1) 
focusing the microscope at the narrow­
est point of the open area, which is 
generally midway between the top and 
bottom planes of the mesh, (2) then 
aligning the cross hair of the f ilar 
micrometer in only one direction so 
~y instn.nnent backlash is avoided. 

1he f ilar micrometer eyepiece is 
graduated into six.divisions, with 
each division divided into five suo­
divisions, and each subdivision 
divided into one-hundred dial 
divisions. One complete revolution· 
of the dial moves the f ilar micro­
meter one scale subdivision. Each· 
graduation is represented as follows: 

One Division 
One Subdividion 
One Dial Division 

= 1.00 
= 0.20 
= 0.002 

Filar Micrometer Eyepiece Scale 

. I 1111 I 1111 I 111 '(111 I 111111111 I 
I . 

01 I 2 4 5 6 
: I I 

._!.L, I 
0. 200 I 

1.000 
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Filar Micrometer Eyepiece .Dial 

. 10.002{-: 
0 •. 010 . 

--- -. . . 

19 

0 

1 

1he projected value of the reticle 
graduations vary with the optical 
combination used, thus should be pre- . 
calibrated b~fore accurate measure­
ments can be made. To calibrate focus 
on a stage micrometer and move it 
until one of the graduations corres­
ponds exactly with one of the 
divisions of the filar eyepiece micro­
meter (as below). 1he true distance 
(X) seen on the stage micrometer, 
which corresponds to the ntunber of 
divisions (Y) of the eyepiece micro­
meter disc, is then read and dividing 
this true distance by the ntunber of 



divisions of the eyepiece (filar) 
micrometer, we find the distance each 
division subtends (C = X/Y). 1be 
nwnber of divisions covered by a sieve 
opening is nrul ti plied b)f' the cali- · 
bration constant (C) which gives the 
width of the opening. 

,. 

In measuring the sieve openings, one 
of the cross hairs on· ·the f ilar rnicro'­
meter :ls aligned parallel along the 
left edge of the opening being mea­
sured~: sometimes betWeen the two edges 
~ore than one division may be required 
to measure the opening. 1be nwnber of 
divisions and subdivisions shall be 
recorded. Without moving the filar 
micrometer scale the dfal scale shall 
be rotated so that zero corresponds 
with the pointer. C1his may be accom­
plished by holding the knob in place 
with on~ hand and rotating the scale 
dnun · with the other hand.) After · 
zeroing the dial, then the cross hair 
nearest the right edge is moved to 
where it just makes· contact with the 

· right edge (as below). 1be dial rea,d­
ing ·is recorded with the divisions .. · 
1be divisions required to measure the 
opening is then multiplied by the 
calibration constant to give the· size 
or the opening in, rni.crons • 

I 

Each sieve will have two-hl.Dldred 
· openings measured at random. 1be 

sieve can be divided into four parts 
with·twenty-five openings measured 
in each part. 1ben the sieve is 
rotated 90 degrees and ·twenty-five · 
openings are again measured in each 
quarter of the ·sieve.. By rotating 
the sieve 90 degrees both directions 
of the mesh are measured giving both 
dirnens~ons of the rectangle fanned 
by the.opening. 

The openings are measured regardless 
of edge shape froni·the.inside of the 
left edge ~d to where the cross hair 
is just making contact with the.right 
edge. 1be openings are measured at 
random with none·overlooked because 
of si.ze or shape. The usual statistics 
shall be perf onned on the data to get 
the arithmetic mean size (X) and 
standard dev:fation (o). Weber and 
Moran (1938) ilsed the coefficient of 
variation y = 100 o/X as a measure 
of sieve equivalence. Th~ir data 
indicate that sieves with high 
coef_Jicients of variation ·behave as 
if their average openings were larger 
than that calculated (above approxi­
mately 6%). 

Aligrunent of Cross-Hair on Irregular Edges 

-so-

·11·· 

\ . 
I·· 



.. 

Sieve 
(µm) 

so 
44 

40 

30 

20 

so 
44 

40 
30· 

20 

44 

20 

TABLE AII-I 

CALIBRATION OF SIEVES 

Arithmetic Standard 
Mean 
(µm) 

49.86 

4S.4S 

42.76 

32.16 

19. 77 

49. 77 

46.78 

41.46 

30.23 

20.24 

4S.18 

22.49 

Deviation 
(a) 

Set F 

0.88 

1.16· 

1.09 

0.94 

1. 28 

Set E 

1.17 

1.18 

0. 71 

1. 04 

1. 08 

Set L 

0.94 

0.94 
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Variance 
(a2) 

0.78 

1.34 

1. 20 

0.89 

1.64 

1. 38 

1.40 

o.so 
1.08 

1.17 

0.88 

0.88 

Coefficient 
of Variation 

(100 a/X) 

1. 76 

2.SS 

2.S6 

2.86 

6.48 

2.36 

2.S3 

1. 70 

3.43 

S.34 

2.08 

4.18 




