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INTRODUCTION

Work reported by Frankford Arsenal in FA-TR-75064,
Alternate Solvents For Benzene In Nitrocellulose Recovery
(hugust 1975), and in FA-TR-76049, Hazards and Risk analy-
sis Of Deterrent Extraction Process With Alternate Solvent
(December 1975), indicated that methylene chloride could
serve as a replacement solvent for benzene in the removal
of deterrents from FNH in the BAAP extraction process.

The major objectives of the present program con-
ducted at 0lin-St. Marks were to scale-up Frekford
Arsenal's laboratory findings te Pilot Plant equipment;
define the operating conditions for a BAAP production
unit; and prepare 100 1b each of WC B70 and WC 846 type
propellants.

This report details the experimental work conducted
at St. Marks to accomplish the objectives above.
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EXPERIMENTAL DISCUSS1ON

IFNII Extraction Work Pla:n

A "Test Program for PPilot Plant NC Recovery
using Dichloromethane as the FExtracting Solvent",
(Appendix A), was supplied by Frankford Arsenal as
a quideline for sctting up a Pilot Plant extraction
procedure. A work plan cstablished for the extrac-
tion and solvent stripping work, (Appendix B), was
set up using the test program as a starting point.

The extraction portion of the work plan was
designed to test countercurrent extraction proce-
dures at 35°C. in 10, 109 and 1000 gallon vessels.
The 10 gallon vessel was to be used to determine
the solvent to propellant ratio, the number of
stages reguired, and the duration of each stage.
Once a procedurce for reducing th2 contaminants in
the propellant to less than 1.0 weight percent had
been established, a few extractions in a 100 gallon
vessel were to be conducted both to confirm the i
results of the 10 gallon extraction and to evaluate
the reuse of selvent. One final extraction in the
1000 gallon vessel was planned in order to confirm
the tests in the 100 gallon vessel, to evaluate the
process in near-production size equipment, and to
produce sufficient material for processing into 1
finished propellant.

Following the final stage of each counter-
current extraction, the solvent was to be stripped j
from the FNH and the FNH analyzed to determine the
residual modifier and solvent levels. Target levels
were 1,08 or less for the residual modificers and
about 0.5% for residual solvent in the extracted
FFNH.

The tlow pattern for such cxtractions carried oui in
three stages is shown in Dwgure I,
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1. FNH Extraction And Stripping

Data

Below are discussed the extractions conducted.
ictions, including pro-
coedure, and residual modificr and solvent content

A summary of all of the extr.

is shown in Table J.

Table 1. Summary of Extractions € 350C.
Length
Extrac— Numboer Ot Solvent Final
tion or Stage to Pdr. HExtraction Final % L3
Numbog Stages (hrs.) Ratlo Size (lbs.) Modifier R.S.
1 2 z 3.5:1.0 15 2.18 2.23
2 2 2 4.0:1.0 12 1.98 6.67
3 2 3 4.0:1.0 12 1.38 5.85%
4 3 3 4.0:1.0 12 0.19 4.11
5 3 3 4.0:1.0 12 0.39 0.79
6 3 3 4.0:1.0 100 0.44 2.91
7 3 3 4.0:1.6 100 0.50 2.5%4
8 3 3 4.0:1.0 100 0.41 0.46
9 3 3 4.0:1.¢C 1,000 0.53 0.34

The first ten gallon still extraction was run
using a solvent to powder ratio of 3.5:1.0 with

two - two hour stages. Total residuals were

2% level as shown in Table 2.

analysis was run, 1t 1s shown.

at

t he:

(All FNH analyses are
adjusiced Lo a dry basis. where a residual selvent

Where no analysis

was reported, 20% is assumed for simplified calcu-
lation.) Temperaturce charts of the actual extraction

Table 2. Extiraction bata -

Run No.

1

Two - 2 Hour Stages - 3.5:1.0 Solvent:Powder Ratio

Stage

A. PNH
Feed Stock
Atter 1st Extraction
After 2nd Extraction
After Solvent Stripping

B. Methylene Chloride
Feed - 2nd Extraction
Discharge - 2nd Extraction
Feed - 1st Extraction
Discharge - 1st Extraction
After Sclvent Stripping

L

Weight %

DNT DPA DBP MeCl2
7.71 0.37 5.22

3.48 0.10 1.43 18.67
0.93 0.01 0.35 20.11
l1.84 0.04 0.30 2.23
1.27 0.04 0.64 2.93
0.0 0.0 0.0

0.56 0.02 0.08

0.44 0.06 0.16

2.19 0.12 0.33

1.11 0.02 0.20




and solvent stripping are included for referernce
for this and all subsequent batches in Appendix C.

The second extraction was run exactly like
the first except the solvent to powder ratio was
increased to 4.0:1.0. The results of the experi-
ment are shown in Table 3. The modifier content
of the extracted FNH remained over 2% there being
no difference, within experimental error limits,
from the 3.5:1.0 extraction.

Table 3. Extraction Data - Run No. 2
Two - 2 Hour Stages - 4.0:1.0 Solvent:Powder Ratio

Stage . Weight &
DNT DPA DBP MeCl2
A. FNH
Feed Stock 11.03 0.43 3.47
After lst Fxtraction 4.70 0.09 0.925 (20.0)
After 2nd Extraction 1.03 0.01 0.22% (20.0)
After Solvent Stripping 1,64 0.02 0.32 6.67
1.81 0.02 0,41 6.48
B. Methylene Chloride
IFeed - 2nd Extraction 0.0 0.0 0.0
Discharge - 2nd Extraction 0.35 0,02 0.04
Feed - 1st Extraction 0.36 0.04 0.05
Discharge ~ 1st Extraction 1.58 0.11 0.27 K
After Solvent Straipping 0.02 0.06 0.03 1

Analysis of the extracted FNH, obtained from
the first two extractions, indicates that the
ground FNH was not being extracted as rapidly as
predicted by Frankford Arsenal's tests St. Marks'
test procedures were discussed w’th BAAP and
Frankford Arsenal and judged to be within their
specifications.

The difference in extraction rates could be
attributed to a difference in graaulation of the
standard FNH's. A screen analysis of the ground
FNII, provided by BAAP, revealed the existence of a
large range in grain size, with 41.45% of the
grains being over 0.079" diameter (see Table 4).
Extracted FNH samples from the first two extrac-
tions were screened on a 6.0937 screen, and rean-
alyzed for modifier content, with results as shown
in Table 5. The lower residuals level in the
screened samples shows the critical effect of the

{2}
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Table 4.

screen Size
(inches)

Wt. % IFNH

BAADP Sample

Screen Analysis of FNI

Retained on Scroeen

FA Sample

.132 10.05
.111 6.40 16.45 14.0
.0937 9.35 9.35 11.8
.0787 15.65 15.65 1.1
-0661 11.49 11.49 10.9
. 05655 11.61 11.61 10.4
.0465 10.08
.0394 5.45
.0331 6.18 22.31 21.3
.0247 5.40
.0197 3.88 9.28 17.7
.0165 -
.0130 2.12
.0090 .70
'an .54 3.36 2.2
Total 99.50 99.50 100.0
AGD .0716" .0680"
Table 5. Extraction Data
Lutracted PNH,; s=creoned on .09237" screen, arnd unscreened -
sSolvent Extracted Total
Run to Pdr. FNH Screen Wt. % Wt. % Wc. & Modifiers
No. Ratio Analysis DNT DPA DBP 2
1 3.5:1.0 As Received 1.84 .04 .30 2.18
1 3.5:1.0 .0937"/fines 1.13 .03 .19 1.35
2 4.0:1.0 As Rececived 1.64 .02 .32 1.98
2 4.0:1.0 .0937"/fines .81 .01 .15 .97
size of the particle to be extracted. This 1s :

totally consistent with theory and indicates that
variations in screen analyses from sample to

sample will allow a substantial margin of error in
final results. This factor is the probable expla-
nation of the differences in residuals values

shown between the two final samples analyzed in the
first two runs. While recognizing that the wide

granulation sprcead of the base stock complicated
both the extraction process and the data obtained
thercfrom, the decision was made to proceed with

the stock as provided recognizing that final produc-
rtion procedures might be modiried through a change
in control of the grinding process and the size of
ground FNH supplied for extraction.




The third extraction was made using standard §
BAAP FNH in a two stage - three hour extraction
procedure, with a 4.0:1.0 solvent to powder ratio.
Table 6 gives the extraction data for this run.
Lengthening the extraction time from two to three
hours for each stage reduced the final modifier 3
content of the extracted FNH to under 1.4%. The
extracted FNH was screened and retested for percent
modifiers. The 0.0937"/fines contained 0.84% mod-
ifiers and the 0.0787"/fines contained 0.78%
modifiers.,

Table 6. Extraction Data - Run No. 3
Two - 3 Hour Stages - 4.0:1.0 Solvent:Towder Ratio

Stage Weight §
DNT DPA DBP MeCl2
A. FNH
Feed Stock 11.15 0.45 3.42 0.0
After lst Extraction 2.26 0.20 0.525 (20,0)
After 2nd Extraction 1.32 0.02 0.25 18.66
After Solvent Stripping 1,15 0.01 0.22 5.85
.0937" 0.77 0.01 0.06 (5.0)
.0787" 0.67 0.01 0.10 (5.0)
B. Methylene Chloride
Feed - 2nd Extraction 0.0 0.0 0.0
Discharge - 2nd Fxtracti o» 0.36 0.02 0.405
Feed - 1lst Extraction 0.38 G.06 0,08
Discharge -~ 1lst Extraction 1.91 0.14 0.51
Alter Solvent Stripping 0.02 0.03 -

The fourth extraction was completed using a
three stage - three hour extraction procedure with
a 4:1 sclvent to powder ratio. The data for this
extract.on is listed in Table 7. Although the
residral modifier level was acceptal le after three
stages, this run could not; by itself, be used as 3
the basis for proceecding to the 100 gallon vessel
for the following reason. One half hour into the
third stage, the air compressor shut down. The
third stage could not be completed until this was
repaired. As a result the powder soaked in
methylene chloride for about three hours prior to
completion of “he third stage. .The additional con-
tact time with the solvent is believed to have
reduced the residual modifiers to levels lower than
those which would have been expected had the extrac-
tion been run as planned.




b

Table 7. Extraction Data -

kun No. 4

Three ~ 3 Hr. Stages — 4.0:1.0 Solvent:Powder Ratio

Stage _____VWeight %
DNT DPA DBP MeCl 2
FNH
Feed Stock 11.19 0.53 3.06
After 1lst Extraction 2.92 0.06 0.43 14.05
After 2nd Extraction 1.29 0.01 0.21 19.55
After 3rd Extraction 0.23 0.025 0.05 20.64
After Solvent Stripping 0.18 0.01 - 4.11
B. Methylene Chloride

Feed -~ 3rd Extraction 0.0 0.0 0.0
Discharge - 3rd Extraction 0.12 0.12 0.06
Feed - 2nd Extraction 0.0G 0.0 0.0
Discharge - 2nd Extraction 0.53 0.04 0.14
Feed - lst Extraction 0.63 0.11 0.31
Discharge -~ 1lst Extraction 2.51 0.20 0.97

|

PPN

A final ten gallon still extraction was com-
pleted to obtain more representative data on the
procedure used in Extraction 4. As shown in Table 8
a final modifier content of less than 0.5% in the
extracted FNH was realized after the third extrac-
tion confirming that the three step process would
bring residual well under the 1.0% maximum level
speccificd. The decision was made at this point to

proceed to scale up to the one hundred gallon still

level, initially using three extractions but with

the obvious option to change to two if the results

warranted.

Table B. Lxtraction Data - Run
Three ~ 3 Hour Stages - 4.0:1.0 Solvcnt:Powder Ratio

After Solvent Stripping

No. 5

Stage Weight
DNT DPA DBP MeClo
FNH
Feed Stock 10.89 0.51 2.95 0.0
After 1lst Extraction 3.80 0.09 0.725 (20,90)
After 2nd Extraction 0.65 0.01 0.11 {(20.0)
After 3:d Extraction 0.175 0.01 0.05 (20.0)
After Solvent Stripping 0.29 0.01 0.09 0.79
B. Methylene Chloride

Feed - 3rd Extraction 0.0 0.0 0.0
Discharge - 3rd Extraction 0.11 0.01 0.03
Feed -~ 2nd Extraction 0.0 0.0 0.0
Discharge -~ 2nd Fxtraction 0.39 0.01 0.07
Feed - 1lst Extraction 0.38 0.06 0.08
Discharge - 1st Extraction 2.29 0.05 0.44

0.22 0.01 0.07

i;‘.:.aw Al B s 2 el i b e o as




Three runs were made in 100 gallon still
equipment, extracting 100 1lbs. of ground FNH in
three 3 hour stages using the 4:1 solvent: NH
ratio. The results from these runs are summarized
in Tables 9, 10 and 11. In all cases the total
residuals after two extractions ran well abouve the
1.0% level and fell to 0.5% or less after the
third extraction. During these runs the solvent
was employed in countercurrent pattern, i.e., new
solvent was used each time for the third extraction
step but solvent from the previous third extraction
was used for the subsequent second extraction and
that from the second extraction in the next first
extraction. On the limited scale of work carried
out there were sufficient natural solvent losscs so
that it was necessary to augment the used solvents
with new solvent plus added residuals in order to
maintain the specified solvent:FNH levels. This
introduced some problems but did not change the
pattern of results.

Table 9. Extraction Data
Run No. 6

Stage Weight %

— DNT DPA DBD MeC12
Feed Stock 10.84 0.40 3.53
After 1lst Extraction 4,5 0.16 0.55 (20.0)
After 2nd Extraction 1.50 0Q,03 0.20 (20.0)
After 3rd Extraction 0.35 0.01 0.05 (20.0)
After Solvent Stripping?* 0.36 0.01 0,07 2.91

*Corrected for 2.91% MeCl2

B. Methylene Chloride

Feed 3rd Extraction 0.00 0.00 0.00
Discharge 3rd Extraction 0.43 0.015 0.11
Feed 2nd Extraction 0.11 0.02 0.11
Discharge 2nd Extraction 1.28 0.06 0.38
Feed 1lst Extraction 0.63 0.03 0.15
bischarge lst Extraction 2.81 0.17 1.00

After Solvent Stripping 0.05 0.21 0.11




Table 10. Extraction Data

Run No. 7
Stage Weight %
DNT DPA DBP  MeCly
A. FNH
Feed Stock 11.65 0.26 3.71
After l1lst Extraction 3.75 0.06 0.64 (20.0)
After 2nd Extraction 1.78 0.01 0.19 (20.0)
After 3rd Extraction 0.47 0.00 0.09 21.3
After Solvent Stripping 0.44 0.06 2.54
B. Methylene Chloride
Feed 3rd Extraction 0.00 0.00 0.00
Discharge 3rd Extraction 0.20 0,01 0.04
Feed 2nd Extraction 0.12 0.01 0.00
Discharge 2nd Extraction 1.28 0.06 0.38
Feed lst Extraction 0.62 0,04 0.19
Discharge 1lst Extraction 2.83 0.17 1.09
After Solvent Stripping 0.04 0,08 0.02
Table 11. Extraction Data
Run No. 8
Stage Weight %
DNT DPA DBP MeCl2
A, FNH
Feed Stock 9.91 0,37 3.37
After lst Extraction 4,09 0.075 0.06 (20.0)
After 2nd Extraction 1.11 0.0% 0.15 (20.0)
After 3rd Extraction 0.34 - 0.05 23.79
After Solvent Stripping 0.29 0,02 0.10 0.46
B. Methylene Chloride
¥Yeed 2rd Extraction 0.00 0,00 0.00
Discharge 3rd Extraction 0.20 0.01 0.04
Feed 2nd Extraction 0.15 0.01 0.03
Discharje 2nd Extraction 0.90 0.04 0.20
Feed 1lst Extraction 0.77 0.09 0.18
Discharge 1lst Extraction N/A 0.18 1.21
After Solvent Stripping 0.02 0.07 0.07

Reference to the extraction batch data shows
that there is a lack of balance in the analytical
results. When the loss in residuals in the ground
FNH is compared with the pick-up of residuals in
the solvent, it would appear that either the former
results are low or the latter are high. This is
illustrated in Tables 12 and 13 where the changes

11




Run

Run

Run

Run

Run

Run

Run

Run

in DNT and DBP, respectively, are used to calculate
the solvent:¥FNH ratio which would bring the two
analyses into balance.
the solvent predicted is less than that actually
used. The dependence of FNH results upon particle
size has been previously commented upon, but this
in itself does not account for the total problem.

Table 12.

No. 6
3rd Extraction
2nd Extraction
1lst Extraction

No. 7
3rd Extraction
2nd Extraction
1st Extraction

No. 8
3rd Extraction
2nd Extraction
1st Extraction

No. 9
3rd Extraction
2nd Extracticn
1st Extraction

Table 13.

No. 6
3rd Extraction
2nd Extraction
lst Extraction

No. 7
3rd Extraction
2nd Extraction
1st Extraction

No. 8
3rd Extraction
2nd Extraction
lst Extraction

No. 9
3rd Extraction
2nd Extraction
1st Extraction

In general these show that

DNT Extraction Pattern
Weight %

Loss in Gain in Calculated . Ratio
FNH MeCl2 MeCl2/FNH
1.15 0.43 2.67
3.12 1.17 2.67
6.22 2.18 2.85
1.3) 0.20 6.55
1.97 l.16 1.70
7.90 2.21 3.57
0.77 0.20 3.85
2.98 0.75 3.97
5.82 -~ -

0.50 0.17 2.94

3.¢66 0.4¢ 7.96

6.16 2.25 2.74

DBP Extraction Pattern
Weight %

Loss in Gain in Calculated Ratio
FNH MeCl12 MeC12/FNH
0.15 0.11 1.36
0.35 0.27 1.30
2.98 0.85 3.51
0.10 0.04 2.50
0.45 0.38 1.i8
2.07 0.90 2.30
0.10 0.04 2.50

-0.09 0.17 N/A
3.31 1.03 2.31
0.05 0.05 1.00
0.77 0.18 4.28
6.16 2.25 2.74

12




The conclusion is that the available data
cannot be used gquantitatively but that it is suf-
ficient to support the extraction profile. Within
the limits of the reliability of the data, small
variations within the runs do not give critical
changes in residuals. :

One final run was made under these conditicas
moving up in scale to 1,000 1lbs. of unextracted FNH
in a one thousand gallon still. This is identified
as Run No. 9 and the results are shown in Table 14.
These follow the pattern previously established
with one possible critical exception, the residuals
content after the second extraction fall just under
the 1.0% specification limit. This single result
is not sufficient to justify recommendation of a
two step process, but it does point up that reduc-
tions in the total overall extraction cycle may
well be feasible in scale up to production and
should be investigated in any final process estab-

lishment. }
Table 14. Extraction Data
Run No. 9
Stage Weight %
DNT DPA DBP MeCl2
A. FNH
Feed Stock 16.67 G.31 3.30
After lst Extraction 4.51 0.06 0.86 (20.0)
After 2nd Extraction 0.85 0.01 0.07 (20.0)
After 3rd Ertraction 0.35 0.01 0.04 (20.0)
After Solvent Removal 0.46 - 0.075 0.34
B. Mathylene Chloride
Feed 3rd Extraction 0.00 0.00 0.00
Discharge 3rd Extraction 0.17 0.01 0.05
Feed 2nd Extraction 0.20 0.01 0.04
Discharge 2nd Extraction 0.66 0.045 0.22
Feced 1lst Extraction 0.67 0.06 0,17

bischarge 1st Extraction 2.92 0.18 1.12

The above discussion has dealt with the pro-
cess requirements for extraction of residual
modifiers from the FNH in order to present a compo-
sition suitable as a nitrocellulose raw material
for BALL POWDER manufacture. The process as
described is incomplete until the extraction solvent
itself has becn removed and separated from the
extraction material. During the period of this
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study a specification of 0.5% maximum residual
solvent was established for the finished material.
Based on laboratory studiec Frankford Arsenal
recommended azeotropic distillation for removal

of the bulk of the solvent with a final rapid
heating to complete the solvent removal. Theitr
worlk showed that solvent levels could be reduced
by this method from about 6% to 0.5% in approxi-
mately nine hours.

The procedure described 1s best carried out
in facilities wherein the amount of heat being
supplied for solvent distillation is controlled
on the basis of volume of vapors (or condensate)
being produced. Unfortunately the still equipment
available ftor this current study was not so
cquipped and cfforts to hold at the 38-39 C. azeo-
trope temperature were generally inadequate. As a
result, although residual solvent levels were
reduced to the desired level, the process followed
does not permit any definition of optimum disti-
lation cycle temperature—time patterns. The
sesults obtained are shown in Table 15.

Table 15. Solvent Stripping From FNH
Batch No. 6 Batch No. 7
Time (h:1s) Temp (°C) Wt.$%MeCl2 Time (hrs) Temp(OC) Wt.%MeCl2
0 27 17.86 0 20 21.3
31/4 36 5.67 3 43 8.77
4 1/4 39 4.96 5 46 7.58
5 1/4 43 4.40 9 62 6.40
6 1/2 73 3.96 11 74 5.18
7 1/2 87 2.90 12 99 2.81
13 99 2.54
Batch No. 8 Batch No. 9
Time (hrs) Temp (9C) Wt.3¥MeCl) Time (hrs) Temp (©C) Wt.%MeCl)
0 25 23.79 0 25 21.48
1 1/4 36 18.24 2 174 32 18.01
5 30 16.061 4 1,2 36 17.23
7 37 15.14 5 172 37 17.24
8 40 12.81 6 1/2 38 15.83
9 44 10.93 7 1/2 40 15.17
10 1/4 52 8.73 8 1/2 42 15.77
11 66 6.92 10 1/2 53 10.25
12 78 4.78 11 3/4 65 7.12
13 90 2.44 13 77 5.20
14 98 1.71 14 89 2.63
15 1/2 99 0.46 15 99 1.74
16 99 1.50
17 99 0.51
18 99 0.39
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Anticipating problems of control of heat
input. at the 38-399C. level, kun No. 6 was made
with a ten inch vacuum applied. 1Initial solvent
removal proceeded rapidly, but the temperature rose
above the azeotrope level well before the lower
solvent levels were reached.  This distillation was
not carried to completion but it should not have
deviated far from the nine hour 6% to 0.5% solvent
levels predicted in the Frankford work. The vacuum
procedure complicates solvent rcecovery so the next
run, No. 7, was made under atmospheric pressare
conditions. Again initial sclvent levels dropped
rapidly but temperatures rose rapidly and extended
solvent removal times resulted. Run No. 8 was
treated more cautiously with the result that tempe-

ratures initially remained too low for rapid solvent

removal but even so did not hold at the desired

level. The final thousand pound batch suffered from

the same problem compounded by a faulty temperature

control unit. However, the final product showed the

desired low residual solvent level and times were
not. inconsistent with the rates of solvent removal
reported from the laboratory.

Overall it was shown that the 0.5% solvent
level can be achieved in the 15-17 hour range even
with very limited controls. Under conditions of
distillate control these times should be reduced.
Such optimization must await implementation of the
production scale operation.

As a footnote to the above work, it should be
noted that a check was made for any possible break-
down of the solvent under repeated use. Solvent,
as drained from the first stage extraction of
Run No. 9, was refluxed in laboratory glassware for
24 hours. IR scans were made of the materials as
new and after this treatment. These proved to be
essentially identical indicating no breakdown of
the solvent. This is shown in Figure II.

15
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Hardening hata

The second phase ot this study was to use the
extracted FNH in the hardening, coating and finish-
1ing of propellant powders equivalent to the present
WC 846 and WC 870 BALL POWDERS. 1In the planning of
this work, it was recognized that one imajor problem
would be to quickiy arrive at a suitable process in
the one thousand gallon pilot still to preoduce suf-
ficient single base grains in the .034"/.028" size
range as required for finishing to WC 870. This
size grain is at the extreme range of the still's
capabilities and the formula for its processing is
sensitive to variations in the extracted FNH feed.
Bach hardening made was treated, therefore, as a
problem in maximizing large diameter powder yields.,

The initial extracted stock was enough to
make three hardenings. The basic procedure for
these are included in Appendix D, while summary data
ot the product are shown in Table 16 below.

The first two runs, AG 3150 and AG 3151, yielded

an undersized product with no significant amount of
overs/. 028", However, they did produce roughly
25-30% .028"/.020" stock as required for iinishing
to the WC 846 propellant. The third batch, AG 3152,
was run at lower agitation levels in an effort to
increasc average grain size. While larger material
was made, it proved 1o be of low specific gravity
and wds not acceptable for finishing by coating.

Table 16. Summary of Batch Hardenings

Hardening Number AG3150 AG3151  AG3152 AG3154 AG3156

Batch

Size (1bs.) 300 400 425 460

Solvent Aad (1bs.) 900 1,280 1,200 1,300

MeCl2
MeCl2

0
.034"/.028" cut (1lbs.) 15 15 be
- 0

O.h
DR LS

Sp.G. - - 1.479

AGD

.028"/.020" cut (lbs.) 100 100 -

G.D.

in used solvent $ 0 0 0
In FNH % 0

oW
wnw
1t O OOoDOo

|
=z
~
>
o~

(inches)

0.916 - -

Sp.G. 1.563 - -

AGD

(inches) 0.0215 -~ -

17
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0.0287
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Additional hardenings were made by reworking
the off size and off specification materials from
the fii1st threc batches.  Some process modification
was required for the handling of the rework, but
sufficient WC 870 base grain material was produced
in hardenings AG 3154 and AG 3156 so that coating
studies could be initiated. The powder stocks pro-
duced varied in density so that two scparate stocks
were available:; base powders produced through
AG 3154 were of the design density and that from
AG 3156 was lower than would have otherwisc been
used.,

While the extracted FNH contained very small
quantities of methylene chloride residues upon the
completion of the extraction steps, the feed used
in the hardening process no longer showed the
presence of the solvent. The disappearance of
methylene chloride from the extracted FNH is attri-
buted to its being leached by process water.
Therefore, any difficulties in obtaining base grain
material having consistently acceptable density are
attributable to process sensitivity not to the
interaction of methylens chloride., The absence of
residual methylene chloride in the final product is
desirable since, if present, it would be a cauce of
gun barrel corrosion.

18




1V. Coating And Finishing bata

Sceven coatings were made and then appro-
priately blended in order to produce acceptable
WC 846 and WC 870 propellants. Coating studies
were handicapped by the limited quantities of
WC 846 and WC 870 base grain material available.
The blending of the coated propellants to meet
product specifications was difficult because por-
tions of the coated material had low specifico
gravity and low nitroglycerine levels. Despite
these problems, acceptable WC 846 and WC 870 pro-
pellants were produced, although in less quantiaty
( <100 1bs.) than planned. Relevant process and
product data appear in Tables 17, 18, 19 and 20
and in Appendix F.

Table 17. Stocks Prepared For Blending To WC 846
Speed - Coating Summary

Base N.G. Det. Batch NG DBP Web G.D.
Powder Impreg. Coating Final Pdr. # lbs Wt.% Wt.% (in.) g/ml

AG=-3150/ N9202 D9937 AB20685-6 100 9.21 3.91 .0147 .926

3151 .0145 .930
AG-3150/ N9214 DY943 AB20689-3 100 .014
3151 D9947* AB20669-3 68 3.52 5.70 .0137 .900
AG-3156 N9243 D10110 AB20712-9 3 B.99 5.65 .013 .952
AB20712-10 2 .015
AB20713-1 2 .017
AB20721-5 47 B.99 L0128
AG-3156 N10054 D10113 AB20717-2 2 7.42 6.22 .0112 .911
AB20717-3 2 .015
AB20717~-4 2 .0172
AB20721-4 60 7.42 .0168

*D9347 is a re-coating of D9943.

Table 18. Stocks Prepared For Blending To WC 846
Speed - Test Firing In 7.62mm M80 Ball Ammunition

M&vV Charge Velocity Pressure

Powder Wt.® grains fps is?
AB20685-6 0.84 46.7 2711 52,700
AB20724-1 0.85 2741 55,700
AB20693-6 0.6 41.6 2622 51,300
AB20712-9 49.0 2485 34,600
AB20721~5 48.5 2322 27,400
AB20717-4 45.0 2741 50,300
AB20721-4 49.0fc 2504 33,100
AB20724-2 20 % Pts AB20724.1 47.0 2728 50,800

28 Pts. AB20721-1
AB20728-5 20 % Pts ABZ0724.1 48.0f¢c 2731 45,900

28 I'ts. AB20721-4 47.5 2749 48,100
AB20736-4 ABR20728-8 47.0 2762 47,600
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Table 19. Stocks Prepared For Rlending To
W¢ 870 Speed - Coating Summary

Base N.G. Det. Batch NG DBP KNO3 SnO2 G.D.
Powder  Impreg Coating Final Pdr. # 1bs WE. % Wt, 5 WL, 8 Wt,% (g/ml)
AG-3154 NY219 D9945 AB20693-5 70 9.3% 5.20 D.06 0,84 ,942
AG-3156 N9237 DI10107 AB20706-8 65 4.98 6,36 0,47 1.00 .923

AG-3156  N9821 D9772 AB20717-10 25 9.05 6.15 0.54 0.68 .901

Table 20. Stocks Prepared For Blending To
WC 870 Speed - Test Firings In 20mm M56 Rounds

M&V Charye Velocity Pressure

Powder Wt. % grains fps psi
AB20b935-5 0.97 577 3374 59,900
Al20700-8 0.82 593fc* 3168 43,700
AB20717-10 1.01 600 3182 39,000
AB20723-8 50% AB20693-5 1.17 603 3343 52,250

50e AB20717-10
AB20728-6 85% AB20723-8 0.85 578 3363 55,900
158 AB20693-5%

AR20732-3 AB20728-6 1.08 595 3380 54,000

(X3492)

*tc: tull case

X-3491, the WC 846 equivalent, was prepared
by conventional blending of two of the four coat-
ings initially prepared. Note should be made that
the tast component of this blend, N9202,/D9937, was
prepared from a suitably high density base stock
and performs much as would be predicted from its
web and deterrent level. Coating N9214/1:9943
intended to be ballistically slow for blending with
N9202/D9937 had too low a nitroglycerine level to
he used in the preparation of finished propellant.
The third and fourth coatings, N9243/D10110 and
N10054/D10113, wore made on lower density hase
stock and an etrort was made to compensate for this
by increasing the deterrent level, with some natu-
ral resulting loss in ballistic efficiency.

X3491, a thirty-four pound blend, was made up
from components of coatings N9202/D9937 and
N10054/D10113. The increase in pressure at low
temperature with the X-3491 is within specification,
Lut not desirable. This is attributed to the phys-
ical propertics ot that portion of the base powder

20




on the low side of the density requirement and
consequent. rolling aimed at increasing this. The
result was that the minimum density specification
on the blend was met, but the one fraction of the
Jot had a resultant tendency to crack, becoming
brittle at -65°F, and partiaily fragmenting. With
basc stocks of proper density, the problem is
routinely controlled with WC 846 and should be in
any continued work here also.

Sufficient base powder was available for
only three coatings for blending to WC 870 speed.
The base stock for two of these was on the low
density side. The procedure was again followed
working to blend fast and slow components. The
second of the three coatings showed up abnormalily
low in nitroglycerine level and was used in pre-
paring a WC 870 blend. The first and third
coatings did, however, furnish blend components and
a fourteen pound blend, X3492, was finished.

No trace of chloride was found in either the
coatings or final blends of WC 846 or WC 870.

For the record, samples of X3491 and X3492
are being placed in surveillance for proper record
of long term chemical stability. The balance of
these blends are available for any additional
ballistic or chemical evaluation.
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1.

CONCLUSTONS

A three stage countercurrent extraction tech-
nique, using mcthylene chloride as the
extraction solvent, effectively reduced the
level of unwanted materials from the FNH to
less than 3.508% by weight., This exceeds the
specification of less than 1.00% by weight of
res:dual modifiers.

There 1s strong cvidence that a two stage
countercurrent extraction process is feasible
with its attendant cconomies of operation.

The granulation of the ground FNH feed stock
significantly affects the erfficiency of
extraction.

Although not optimized, solvent stripping

tests have shown that the residual methylene
chloride in the FNH can be reduced to less than
0.5% by weight.

Acceptable WC 845 and WC 870 propelliants can
be made from nitrocellulose recovered by
methylene chloride extraction of FNH.

The use of methylene chloride in the extraction
of FNH has no apparcnt cffecct on subscquent
ball propellant operations.

Since no trace of methylene chloride wes found
in the finished propellants, no adverse effects
on gun barrel wear wculd be expected from the
use of this extraction solvent.

22

ML DN W P




RECOMMENDAT TONS

1. Establish reduced level of solvent to base
powder ratio that will give a three step
extraction process with a residual extract-
akle level in the FNH of less than 1.08%.

2. Establish modified ground nowder size range
which will permit a two step extraction pro-
cess with a residual extractable level in
the FNH of less than 1.0%.

3. Establish on a production scale an optimum
distillation procedure for reduction of
residual methylene chloride to less than
0.5% in the extracted product.

4. Determire the means to implement the use of
methylene chloride in the extraction process
at BAAP.

5. Determine thke cost of using methylence chlo-
ride in production operations at BAAP.
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FRANKFORD ARSENAL TEST PROGRAM
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APPENDIX A

FRANKFORI} ARSENAL

Test Program for Pilot Plant NC Recovery
Using Dichloromethane as the Extraction Solvent

1 Extraction Phase

I'wo process variables are tou be investijated as a re-
sult of bench scale studies. They are solvent-to-powder
ratio and duration of each stage. The number of stages is
not to be considered a variable. Two stages will be used
in pilot plant extractions unless approval for variation
from that is specifically received from Frankford Arsenal.
The temperature for all extractions will be 359C. The
starting processing variable designaticns are as follows
for the first extraction attempt: Solvent-to-powder ratio,
3.5:1.0; duration of each stage, 2 hrs. The solvent for
the first stage in all cases will contain 0.00754 weight
fraction of modifiers in the following ratio of DNT-to-DBP-
to-DPA, 10:3:1. If the first two-stage extraction attempt
does not yield propellant with <1.0 percent weight modifiers,
the following strategy should be used to achieve acceptably
extracted powder. The solvent-to-powder ratio can be raised
to as high as 4.0:1.0., If this measure fails to lower the
level of residual wodiflers in the powder, then the duration
of each stage can be raised in, at minimum, 15 minute in-
crements to as much as 3 hours per stage. If these measures
fail, then a meeting among Badger AAP, 0lin-St. Marks, and
Frankford Arsenal personnel will be held to review all data
and decide upon an alternative plan of action .

11 Solvent Stripping Phase

After draining dichloromethane from the second extraction
stage, add 2.70 weight units of water for every 1.00 of powder.
Under agitation, raise the tewmperature slowly (v3°C per 15
minutes) until it reaches 38-39°C. This is the azeotropic
temperature for dichloromethane and water. The temperature
should level off naturally in this range. The heat input
should be reduced to 259 Btu/lb. powder-hr. until the temper-
ature rises to, at least, 459C., At this point the heat input
may be increased to raise the temperature to 999C &as rapidly
as possible and then hold it there for 5 minutes. It is im-
portant to add heat slowly until safely past the azeotropic
temperature, because it has been shown that this strip is a
diffusion-controlled operation. Too high a heat input has
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caused the azeotrope to be passed and the amount ot solvent

stripped and recovered ygreatly reduced. 1t might be interesting

to vary the heat 1nput somewhat to alter the azeotropic
portion ¢t the operation to see the extent of i1mproved or
reduced solvent removal in order to determine the optimal
heat input.

The powder should be analyzed for residual dichloro-
methane. A method for this analysis has been developed
and will be provided when necded. Samples can be taken
throughout the strip for this purpose or, at the minimum,
at the end ot the operation. The amount of solvent re-
moved should be correlated with the analysis for dichloro-
methane in the powder.

111 Solvent Recovery Phase

"t is the opinion of rFrankford Arsenal engineers that
batch distillation of dichloromethane in the pilot plant
would serve little utility, since such data are available
from bench scale testing. A continuous stripping column
will be used in the full-scale recovery of dichloromethane;
theretore, no additional information can be gained from
pilot plant batch distillation recovery of dichloromethane.
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APPENDIX B

WORK PLAN FOR EXTRACTING FNH WITH METHYLENE CHLORIDE

27

gty

o




WORK

APPENDIX B

PLAN FOR EXTRACTING PNt WITH METHYLENE CHLORIDE

A

Extractions

1.

10.

11.

12,

Initial two stage extractions will be made in ten
gallon stills until correct solvent to powder ratios,
and extraction time, are found (initial solvent to
powder ratio - 3.5:1.0).

Solvent into the first stage of each batch will con-
tain .00754 weight fraction modifiers in the ratio
of: Dinitrotoluene to Dibutylphthalate to Diphenyla-
mine, 10:3:1.

Solvent for the second stage of each batch will be
pure methylene chloride in these extraction batches.

1f the extracted FNH from the first extraction con-
tains more than 1% modificrs go to #5, 1f not go to
#8.

The second batch will be extracted exactly like the
first, ewcept that the solvent to powder ratic will
be 4.0:1.0.

If the extracted FNH contains more than 1% extract-
ables the length of extraction will be increased to
three hours at the 4:1 ratio.

1f the propellant made from the best extraction
batch still has > 1.0 weight % modifiers, the number
of stages will be increased to three.

If after any of the extraction batches, a powder with

< 1.0 weight % modifiers can be made, then all further

extractions will be made using that solvent to propel-
lant ratio, duration of stage, and number of stages.
The testing for correct solvent ratio and length of
extraction will step at this time (after it has been
demonstrated that the correct parameters have been
found) .

After determining the extraction condition, work will
begin on optimizing the solvenct strip procedure.

After the solvent strip procedure has been identified,
along with an extraction procedure, three 10C 1lb.
countercurrent extractions will be completed.

No solvent will be recovered by batch distillation.
One more extraction will be made with 1,000 1lbs. of

FNH using the test procedure previously obtained and
modified in the 100 1lb. extraction.

28
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B.

Solvent Make-Up

1.

For the first stage of the initial extraction,
the modifiers added to methylene chloride are to be
calculated as follows:

_14x = .00754
{Solvent ratio) (Wt. of Powder) + 14X

where: X = welght of diphenylamine
3X = weight of dibutylphthalate
10X = weight of dinitrotoluene

For the second stage of initial extraction, fresh
solvent is to be used,

For subsequent extraction, corrections should be made
in accordance with analytical results obtained from
previous runs.

For the first stage of any initial three stage extrac-
tion, the modifiers in the solvent may be calculated
as in 1. above.

For the second stage of the first three stage
extraction, modifiers should be added in accordance
with 3. above.

For the third stage of the first three stage extrac-
tion fresh solvent is to be used.

For any subsequent three stage ecxtractions, corrections
should be made in modifier contents in accordance with
analytical results obtained.

{In cases 4, ¢ and 7 actual solvents recovered from
previous runs will be available for use as a major
portion of the solvent required.)

The three 100 1b. extractions will be run so that they
will follow a production countercurrent extraction pro-
cedure. The {used) solvent for the first extraction
will be synthesized. However, the second extraction
will be run with used solvent from the first ex“rac-
tion, and the third extraction will be run with used
solvent from the second. This procedure will give us
data on the accuracy of the original estimate of
modifier content of the used solvents.

29

..




C.

Solvent Stripping

1.

Add 2,7 1b. of water per 1lb. of FNH (original
extraction weight) in the still and add drained
powder {rom second stage and agitate (at 50 RPM).

Raise temperature silowly (39C. per 15 min.) until
reaching 389C, At this point the temperature

will level off. Cut back the heat to 1°9C./15 min.
until the temperature reaches 45°C. then heat the
still rapidly until the temperature reaches 99°C.
(at maximum steam input). Hold the temperature

at 999c. for five minutes and then cool to ambient
temperature. Solvent will be dumped into used
(first stage) solvent barrel.

a. Sclvent in solvent receiver will be analyzed
for impurities.

b. Water will be drained from powder and dumped
into sewer.

Samples of powder will be analyzed before, during
and after stripping to determine residual solvent
levels.

Sample final extracted powder for weight percent
modifiers. If less than 1%, run a second batch
under the same conditions to contirm results.

Stability of powder will be determined after strip-
ping.

a. Store extracted powder under water.
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APPFND1IX C

EXTRACTION AND STRIPPING DPROCEDURES

TEMPFERATURE TRACES

Extraction No.
Extraction No.
Extraction No,
Extrac{ion No.
Solvent Strip,
Extraction No.
Solvent Strip,
Second Solvent
Extraction No,
Solvent. Strip,
Extract ion No.
Solvent Strip,
Extraction No.
Solvent Strip,
Extraction No,

Solvent Strip,

e
P
T S
Extraction No.
e itcietcearnas

Extraction No.

.

4.

.

5..

.

Strip, Extraction No.

Betsnenanonananny

Extraction No.

8.

Dot

Extraction No.
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FIGURE C-1

Temperature trace for Extraction 1
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FIGURE 15

Temperatuee trace for Extraction 9
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Temperature trace of solvent strip tor Extraction 9
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APPENDIX D

BALL POWDER PREPARATION

HARDENING

1. Work Plan

2, Standard Operating Procedure l
i
%

48




WORK PLAN

Hardening and Shaping

1. Four hundred pound hardenings will be made
using standard Pilot Plant operating pro-
cedures for the 1,000 gallon still.

2. Enough FNH will be hardened to produce 150
1lbs. each of .034"/.028" and .028"/.020" for
coatings.
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STANDARD OPERATING PROCEDURE
HARDENING FOR ALL STILLS

Materials:

#2 & #3 Stills #4 & #5 Stills 1,000 gallon

Nitrocellulose 50 1bs. 2 1bs. 500 1bs.
Water 450 lbs. 60 1lbs. 4,000 lks.
Ethyl Acetate

Ratio to NC

for: .029"/.017" 3.4:1.0 Same Same:
.017"/fines 4,0:1.0 Same Same
Diphenylamine 227 gms. 22.7 gms., S 1bs.
Colloid 1.5 1bs. <27.,0 gms. 15 lbs.
Naj S04 (dry) 12.5 1bs. 567.0 gms. 125 1bs.
Procedure:

Prior to starting of a harderiag batch in the 100 gallon still,
the following steps should be car:iied out:

1. Check the empty still to be certain that it is clean. If
it is not clean, wash thoroughly with water and if necessary,
run a clean out as per clean out SCP.

2. Drain all water from the still jackets. Be certain to close
drain and open line from tdacket to steam trap.

3. Add several inches of water to the rtill and check to see
that the dump valve is tightly closed and rnot leaking.

4. Empty the condensor solvent receiver and salvage any
usable ethyl acetate. Be certain that the vent line from
solvent receiver is left open to the atmosphere after this
job is completed.

5. Add water and nitroceliulose.

6. Start agitation at solution speed.

RPM
#3 Still 150
#2 Stills 110
#4 & #5 Stills 60
1,000 Gallon Still 60

7. Add ethyl acetate and diphenylamine solution to still.

8., Check level of contents of the scill and adjust level by
addition of water.

9., Heat contents of still to 6B9C. and hold for one hour.

50

i s s sl




gt - .|

10. At the end of sclution period, adjust speed of agite“or
to RPM desired for grainiag step, stop agitation and allow
to coalesce at 638°9C. for:
5 minutes in 10 gallon still
10 minutes in 100 gallon still
1> minutes in 1,000 gallon still.
11. Check to make certain lacquer floats.
12. Toward the end of the solution period, take a sample of
the lacquer and note its consistency. If material is too
stiff on pulling apart, not enough solvent was used. If
material is too rubbery, too much solvent was used.
13. Start agitation at speed indicated on the following
schedule for graining:
Schedule:
#2 #3 #4 and #5 1,000 gal stil
Time Temp. RPM Time Temp. RPM Time Temp. RPM Time Temp RP}
Solution 1 hr. 68°Cc 110 1 hr. 68°C 150 1 hr., 680C. 60 1 hr. 68°9C 60
Coalesce 10 min 68°C 0 20 min 689 0 5 min 689C. 0 15min 689C 0
Graining: 1 hr. 680C 1 hr. 68°C 1 hr. 689C. 1 hr. 689C
39/25 50 50 40 3¢
25/17 60 60 45 5(
17/fines 80 80 50 60
Salt Addn. ) hr, 68°C 1 hr. 68°C 1 hr. 68°C. 1 hr 68°C
Shaping & 2 his 662C 2 his. 689C 2 hrs §8°C. 2 hrc 58°9C
Dewatering
Distilla- 2 hrs First GS 2 hrs. First GB 2 hrs First G8 2 hrs First G¢
tiomn: Vapor Vapor Vapor Vapor
2 hrs 759C  GS+10
1.5 hrs 80°C (CS+20
850C CS+30 Same Same Same

14, After coalesce period, dissolve colloid in hot water and add

15,

900C GS+40
959C  GS+50
1 hr. 999Cc  GS+70
99°C  GS+70

to still.

10 gallon still - 227 gms colload in 800 ml. HZ0
100 gallon still ~ 1.5 1lbs. colloid in 6 1lbs. H20
1,000 gallon still - 15 lbs. colloid in 60 1lbs. H0

Continue graining period for one hour.
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l6.

17.

lu.

19.

20.

21.

22,

At the end of the one hour graining period, add salt

to contents of the still over a one hour period. Still
level at this point should just permit washing of still
contents over skimmer paddle.

Continue to shape and dewater for an additional two hours
at 68°C. to desired RPM. Sample and observe the batch
from time to time and make notes in notebook regarding
size and shape.

When sheping and dewatering is completed, start heating

the batch for distillation using two hours time to raise
the temperature from 68°C. to the temperature where the

first vapor starts coming off.

(Note: Be sure cooling water is flowing through the
cordensor and that there is sufficient room in
the solvent receiver for the material distilled
from the still.)

When the first vapor starts coming off, continue with
distillation according to the schedule outline.

When the temperature of the batch reaches 99°9C., continue
distilling at 99°C. for 1/2 hour, then cool, and wash
with three cold water washes to remove salt and colloid.

Drain still contents into barrels for wet screening.

Turn off cooling H30.




APPENDIX E

BALL POWDER PREPARATION

COATING

Work Plan
Operating Instructions:
NG iImpregnation

Deterrent Coating



1 i
: WORK PLAN
’a
1
A. Coatings - |
1. Three, fifty pound NG and deterrent coatings, %
for each cut, will be made using standard i
operating procedures to make WC 870 and WC 846 ;
propellant. ‘
3

; 2. One hundred pounds each of WC 870 and WC 846 %
propeliant will be shipped tao BAAP for testing. 1
b
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10.

11.

12.

13.

14.

15.

16.

17.

OPERATING INSTRUCTIONS

NG IMPREGNATION - 100 GAL. STILL

Check still for clecanliness — Run clean out if necessary.

Add enough water to still to check dump valve for
proper seating,

Empty solvent veceiver to make space for condensed
3o0lvent.

Write up request in proper book, (C or N Log Book)

Weigh out requested amount of powder using powder pyc,
and dump into still. (Pyc. factor .391)

Fill still from back side of manhole with water as per
Attachment 4.

Turn on agitator and adjust to 140 RPM and add colloid
as regquested.

Heat to 509C. and hold for 30 min.

Weigh out NG-EA as per % requested for powder following
NG Handiing §.0.P.

Add NG-EA to still over 1 1/2 hours (max. time) as per
NG Handling S.0.P.

After NG is in, raise temperature toc 65°C. over one hour
time and hold for four hours unless otherwise requested.

Sample liquor for Q.C. to analyze for NG.

Start vacuum distillation and bring to 11.5 inches over
20 min. period to avoid surging.

Raise temperature 29C. per hour till 86°C. is reac .ed or
as 15 below.

Start R.S. samples for Q.C. at 769C. and sample each hour
till Q.C. cuts distillation.

After Q.C. cuts distillation, cool and process as requested.

Make sure all information is recorded in proper log book.
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OPERATING INSTRUCTIONS

DETERRENT COATINGS

100 Gallon Still 10 Gallon Still

Water 450 1bs. 60 1lbs.
Colloid 900 grams 150 grams
Wt. of Powder (max.) 125 1lbs. 20 1bs.
Deterrent, % As Requested As requested
Temp.: E.C. 860C. 860C,

DBP 76CcC. 76°0cC,
Agitator RPM's 140 140

l. Heat still to temperature as per table above.

2. Add deterrent emulsion as per table below unless otherwise
requested.

Deterrent Emulsion

100 Gallon Still 10 Gallon Still
Water 20 1bs. 5 1lbs.
Colloid 2 1bs. 5 grams
Deterrent, % As Requested As Requested
Add to Still 1 hour 1/2 heour
3. Heat treat as per request.
4. Record all data such as pick up, powder bonding, or anything

unusual in proper "D" book.

5. Cool still by turning off the steam valve and opening the
water valve to the jacket of the still.

6. Wash powder and dump.

7. Turn off all cooling water to still jacket and condenser.
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Operating Instructions - Deterrent Coatings

8. Label and process as per request.

9. Clean up and hose down area.
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TABLE F-1

¥-2

APPENDIX F

FINISHED POWDERS

Powders for WC 870 Blending

Propellant Description Sheet X3492
(WC 870 Speed)

Balli ;tic Acceptance Taost X3492
(Wc 870 Speed)

Powders for WC 846 Blending

Propellant Description Sheet X3491
(WC B46 Speed)

Ballistic Acceptance Test X3491
(WC 846 Speed)
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Identitircat ton
Coating No.
Qty. ot Pdr.
Granulat ion {(in)
Ave.Grain a.
(in)
Specs Gravity
Grav.bens.gm/cc
Diphenylamine, ¥

bDinitrotolwne
%

Chilorine, ¥

birbutylphtha-
late, %

Nitr ngly(‘m%i ne

Potassium Ni-
trate, ©

Tin Droxide, ¥

M AV, %

.034/.028!

TABLF F-1

POWDERS FOR WC

Base
Stock

AG-31%4

L. Y

0.0318

870 BLENDING

Final
I|‘}] [‘] I 3 x-

AB20693-5
N 9219

73

600

Basoe

_atock

AG-3156

65
.034/.028
0.0299
1.518

0.918

Final Rase Final

Powder Stock Powder
AB20706-8 { AG~3156 [ABR20717-10

N 9237 N 982]

73 25 27

- .034/.028 -

- 0.0299 -

- 1.518 -
0.500 0.918 0.901
- 1.0 -

- 0.17 -

- 0 -
6.36 - 6.15
4.98 ~ 9.05
0,97 0.54
1.00 0.68
0.82 1.01




TaBpLy F-2

Suparsadar 00 form 1204

€O FORM ol ORDNANCE CORPS .
M$Ape sz PROPELLANT DESCRIPTION HIET dmd e
U.S. Amy Lot No.___X3492 Composition No. _ —_— For . 20mm
_1__/‘\}!'707 32-3 . .. .. Badger .
Meanufactured at  _ _ _.Phin Corp., St. Marks, Fl. Packed \\'. wh 14 1bs.
Contract No S — Dot ) ) Speerfieation No. MI].-I‘}gH%,VN”n of . Apr.13,1969

Aecepted blends (Nos.a ————

KTTROCELLULOSE &Tnlond" ¥4 dated Fel, q 1972&
_Drawing Cl0234B13 dated .‘)/30/1

Hl(‘n(l .\( “wulk n\.\n rial e

[

Nitvogen Content K. 1. Starch Test (GO h* () Stabihsity Test (17570
Maxmoum | ___ oo { Maximum . — . — - _ _-Mma Maxunum - - Min
Mmoo Minimumi . . __Nns Mimmum . Min
Average [ AVErsge. - oo . _ Mine | Average . - . _-.Mmns
: Mins

i Faplosion __

Total weight uf sulve

MANUFACTURE OF VROPULLANT

_ Conasting of __.pounds alcohol and (.

'nt per pound NC  _ . .

__..pounds ether per 100 49 _pound solvent, Percontage of remix to wholeo . . - L. - .
“yiurs __1 T = B Fn L T TREem e e s 2
——‘— h———"—:f, ‘ PO ...\S—bol.\kNT RECQVERY AMD DRYINL _ TS TPy
l The tol1oWing: analyses die an dverags ol two tesis|
TESTS OF BINISHET
- emmmmes e s e sz —ore= - T = momam
coMPOSITION STABILITY AND PHYSICAL 31974
- [ Foemds | Mie 1 dmer I‘ Mue Irane
T Nitropy oo T T I 8.2 1207 Chieat test, o, 1 K0 mip,
_Disitreteleene T T g n_xv _ Explomon__ BO0+min.
__Ihphenyfamine A LLU' Dust & i-(ux-xgn_.‘\i..i\-ria} .01
])lbut)lpml\ lllt( 5. 40 I _Graphite 0.12
_Methyleae \hhnnh 1\11. o5, 34 h Jﬁm_nxmug \_L_n& 0.59
CUNLrocellutone g g0 | Potassivim Sulfate . {
- . . - = e 1 !
. l'.‘Lf.‘L Volanles ———— i — - ‘44‘08! j| Grav. density, or pounde per cu. ft. T- 947
__Moisture & _Volatiles 1 o708 _hin Dioxaade 0.80 |
__Residuad Solbvent .59 “'L’J.:b |
Calvimm Car .‘(‘!‘:2&_] 0. Qg Nitropen — 13.05
Hmh\nn salfate Y 5 LI T - T
"""" e = }mhm:uk\l\ M \\}\,\mun-\n\ X XY
. NGRS OF ME AN lH\H\u-\\
GLEAIN DUl ASI0N . .} el X ME AL NNMENRION
' b ”'\( ”“’) Afanofacturer l l-m«n o ' Mnurscturer | Tiseecier
- 3 ‘Grajulaiion Opcning T Retaine medl )

Yength (1) . . . Sra
U, 5, ]g 0.20

Diameter (1)

Dianieter of perforations (Vo .
e 25].-85.850 |

2.0 16.80

Inner I |
Outer_. 30 23,02

Web Average S 0.50 |
Calculated. 40| 0.06 1.

Difference hetween inner and outer web , '

in per cent of web average l_‘“‘. |l 0.8 '___ V.
L:D (Y) M-\L_,_ _100.15
Dod (XY —
Dato sampled______ 11 /BLT 6

Date test finwhad

Date packed 11/8/76  _ Date nﬂemd‘._ll‘l.ﬂf_—l.h_

1110420 Date description sheets forwarded
Fiboer Pak

Type of Packing Hox_
Remarks:
Cuparmiendent Taapestar of Ordrancs .ITS'(-hunu

ol

BEST AVAILABLE (CPY

L P R .

el oo £




BEST AVAILABLE COPY

TABLE

Fo3

Feb. %,

BALLISTIC ACCEPTANCE TEST

FOR

SMALL ARMS PROPELLANT POWDER
& Amend. #4 dated
1972 & Drawing 10534813 dated Sept.30, 197])

MIL-P-39H4E dated Apr. 13, 1969

TESTED IN ACCORDANCE WITH SPECIFICATION

——

Lot Mo X3

Tre
Dete _] 1

Caliber 200,
. _HE

492

1 Inert

29/76

PROPELLANT POWDER GUNS Preg! Fired By ———
el I B
P OLIN MATHIE SON VEL, YEL. PRESS Hand Blend ¥ ]
CHEMICAL CORPORATION JRirLe RIFLE GAGE
Lat Moo .~ 3422 cimmas =i Recolver Ne 4 Bullet Type __MS(“’\:, |
Mede o StoMaths, Pl | mamel Ne. 32 | suttes w, 1565 51
Har Wi of Lot }4 . Lba | Barel Length (DU S— Primer ;‘E“
Charge ._.___.)..E’_'O___ v. |haod Spoxe L Cariidga Case 1>
T o
Alr Syuce ,____,_L-__l__ZQ___ Ins. | Timen Flirad 985 Tomparstwe ___-".L.__.F
1T 1 ” ] _
CORRECTED | CORRECTED VARIATION IN
DATE BLEND e | mean sRESSURE | YELOCITY Awp
FIRED TEST YELOCITY CHAMBER FPRESS
AR RDS Al T
—_ u!mT AKX, EXTR [sTD. DEV,
—_ - .-
Plond af 3 37 _m_] 3388 S P 25 6
11/10.7¢ _ Samples 32 120 w———- Hhb4000%5700{3600 1954
______ les | S ]
ACTION TimE
PORT P
(MILLISECONDS) l TEMPERATURE TESTS CHANGES ORT PRESSURE TEST
AVE, | MAX. IND.| NO. OF RDS “2#“’ ”:1!:0 “#:ei’l"' V!':—l PRESS. :g:;s :&. Aclvuzfl CORR. AVH

} .

] -

- —t -

B —— -‘j_"“

02

REMARK %
20 kounds Action Time
Stored at Fired at Ave ., Max. Ind.
TOV. 700, 2.66 2.72
TR o -65°9F, 2.92 3.04
T . w0, | MEAN R
DATE CHARG E |[GUN OR GAGE STANDARD REF ERENCE
LOG NUMBER or VELOCITY
FIRED GRAINS | NUMBER goe | ar IR ET. CARTRIDUE
- Seondord] sotlon i 3374 LCY~20-0100
JA71D778 | srandard Firing. —] 32 3380 " 1 Mew Prasews
Coneatlon ) -6 Chomber Port
8 _Mrondordicomion _ i 45 .600
J. 117107760 | Stendad Faring - 32| 49,000
_| Cocrection R _J__ - - 3,400
THIS LOT PROPELLANT FOWDER — i Iiuulic  THE BALLISTIC TEST REQUIREMENTS
(n' )
COVERNMENT OFFICIAL
(Hg )
TECHNICAL DIRECTOR
OB - a0 Rev, |

i

e b
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BESTAVAILABLE COPY ..

€0 FOaM 1201 | . ORDNANCF CDRPS : Suparsadas 00 Form (X064

a L}

13400 52 . PROPLLLANT DESCRIFTION SHEE! dowd A

! 5 obeolets
Ut Army lot No. X_}_4_91_ ompositien No e ¥or— 7 b2mm.__

S T T Af20736-4 T T Badger.
Merata-tured ot Olin Corpl, St. Marks, Fla. =~  Packed Woeht 34 Jbs.
. Cartract No - Dat - - . Spectfication N NII'_ I’3984h|‘|\nm of AP - 13,1969

veeeniedl blenaa (Nos )

“Blend of nwnrk m-llvrn.\

NITROCELIULOSE & Amend. #4 dated Feb.5%,1972
Drawing C10%34784 date-d- 9/27/7]

Nitrogen Content

K 1 Stareh Test (6O R°C Stabihty Test (1537 C)

\n(lnnn \\ll fal.v

Masonum . ___ ___ e { Mazimum —_— e ——Muny Maxymum . — Mins
Mininum - e l Minimum e i e e —_Mina Mimmum.____ ______ Ming
Aveeage C e Average ___ ___ _ ____Min« AVCTS[C . oo oo — . - - -Mins
‘ ) * Explosion _ — Mins
MANUFACTURE OF PROPELLANT
Total werrnt of solvent per pound NC e Consmting of ___._.  __pounds alcohol and
L _poundy cther per 100 pound salvent_ Perevntage of peux towhale - .
TROUFSS SOLVENT RFCOVERY ARD DRVING __‘hm“‘”i'(““
2
— I
I -
. T T e followhnp analyses GTe an ave rape nrlwu tewta) )
; o B TESTS OF PINISHE D umnum«’r = oS
T T aNrONI TN = T T CSTATILITY AND PHYSICAL TFsT8
T K :,nu.u:_r —i_}‘.j;mu ED Inipr ,|| B L Mir | tmee
T HNatreylyderinT 1T RS b 120°C heat gest, S, P, 0_myn.
_imtratoluene 7, _[O-ll — Fxplostor 300+ fmin,
_Diphenylanune 0,81 h Ihust & Foreipn Material (0.04 |
] |)Il|ll1\ll)llfl]«!l>lll _ 4, U8 1 " Gravhite 0.10 .
- Methylere Chloride 1 xtr i,_bh_‘_____ll‘ _ .
MNitrocetlulose . __85. 171 J—
__Total Vol lLth;S______, __1.13! i| Grav. density, or pounds per cu. ft 938 |
__Mosture 8 Volaules. 70,75 : _Tain Dioxade i
_ng_\l_t_ul solvent 0.73 _Web - 0163
aloium o lI‘hL)nd[L‘ 1 '0.09) M Nitrogen 13.12.

U Y R

S T IEAN VA KIATIOS (N TR CINT

: SRINISHED GRAIN
NG PN

" ) “r ™F ]_ . .- »(_1} MEAN DIVENSION
GRALN DIVl A~i0Ns {INUIIES) : \female torer Torpecter | MaaTeseares PP
SR - E N FaNm S o R S H
Lo R 07X, 1L 6 TS I Ty AL TO BT YT S
Diameter (D) u. s, ’fJ:j | .41
. = 5
Disvieter of porforationa (d) | _ 25 9.02
Inner I 300 41.32
Outer. . : 35 39,871 —
L ok U o _—
WEbi Average ! 40 6. 21]
R X
Calenlsted 1 45 0.90:
Mifference Letween Inner and outer web .
in per cent of web average h “1" — 0.35:
L:D (Y) Total 100,08/ .
Nid(X) __ i [ Y R P

pate paces 11719776, Dato ofera 11719776 Date sampied— 11719776

Date tes. finished 11/21/ Data dascription shests forwarded.
Type of Vacklng Box Faber l "l‘
Remarks:_.

Tupariatendant Taapecic of Ot Gaance

U3 Themut —
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_, BEST AVAILARLE COPY

.

BALLISTIC ACCEPTANCE TESY
FOR

Lot de, X~ 3491

AVE. | max. iNp. No. oF Rp&[TQRED | FIRED [MAX. 15O

PRESS. VEL., | PRESS. [ pRESY,

Caliber 7.862
SMALL ARMS PROPELLANT POWDER —-B—"—“
- we __ BALL
pae 11721776 |
___TESTED IN ACCORDANCE WITH SPECIFI™* TION
JPELLANT POWDER -l GUNS Preof Fired By
IN MATHIESON [ VEL. VEL, | PRESS | Hond Blend ¥ ____:1
CHEMICAL CORPORATION RIFLE | RIFLE GAGE
Lot N _ X=3491 Receiver Ne. 5 5 | multer Trpe . M-80 BALY
Mede o St MATKS Fli  |Berel Mo 4 1 14 eew 147 o1
Mot Wa eflot 34 Lba |[Barel Length 22 22" | Primee . LE |
Charge 47,0  Gr. |Hemt Spece - 231 l.631 Cawidge Cens _Le
Alr Space _ 4.047  tne {Times Fired 87 453 Tomperes s 19 . °»
CORRECTED | CORRECTED VARIATION W
DATE BLEND GMOR | %0 | "Tupan | ‘peessmme | VELOCITY anp
FIRED TEST wrmer, | mos | YELRETY CHAMBER PRESS.
. AT Z_FT. P'I!M MA
) % | ExTm |svn oav.
11/21/76 | Bendet 6 4 P> 2762 N 49 15
d Samples 4 2 ____ E7800| 49800 6200 T484
ACTION VIME
(MILLISECONDS) TEMPERATURE TESTS CHANGES PORT PRESSURE TEST
[PoRT | NO. TACTUAL

RD%| AVE, [CORR AvVEH

1.33 1.38 29 -659H-65°F| 56000/ ~37#4700

20 (10578| 11178

J

1 20  412508+1250F48900{ -7 | +100

REMARK & .
Chamber Pressure +3 SD= 51,992 psi
NO. MEAN
NATE CHARGE [GUN OR GAGE STANDARD REFERENCE
LOG NUMBER OF YELOCITY
FIRFD i GRAINS NUMBER RDS. AT LB_FT. CARTRIDOE
Standardi zotlon 2741 LC~-Y¥~7.62-903
17 /21/76 | tiondard Flcing 4 20 2714 o Prenaye
4 7 Stondaoy g »an eBDYIe
Corveation i +27T Chowbar Port
Stondardlzotion ﬂr;Uo Azrgoo
1727776 | stmdard Fiving 4 20 , 500 12,3001

Gerrectlon +1200 +600

THIS LOY PROP ELLANT POWDER __ THE BALLISTIC TEST REQUIREMENTS

[t ) -
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06- 0 Rev. |
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