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INTROI)UCTION

Work reported by Frankford Arsenal in FA-TR-75064,
Alternate Solvents For Benzene In Nitrocellulose Recovery
(August 1975), and in FA-TH-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 J3AAP extraction process.

The major objectives of the present program con-
ducted at Olin-St. Marks were to scale-up Fr. 'kford
Arsenal's laboratory findings to Pilot Plant equipment;
define the operating conditions for a BAAP production
unit; and prepare 100 lb each of WC 870 and WC 846 type
propellants.

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



lXI'l1 IM-NTAI. I) SCII, S ION

] NII Ext ract i on Work Plaz.

A "Test Proqram fox P'ilot Plant NC Recovery
us;ing Dichloromethane as the E.xtracting Sol vent",
(Appendix A) , was supplied b)y Vrankford Arsenal a.;
a guideline for setting tip a Pilot Plant extraction
procedure. A work plan established 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 extracti on 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 ritio, the number of
stages required, and the duration of7 each stage.
Once a proceduro for reducinq thŽ 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
results of the 10 gallon extraction and to evaluate
tlIhe reuse of solvent. 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 sufficieint material fur ploues.sing into
finished propellant.

Following the final stage of each counter-
current extraction, the solvent was to be stripped
from the FNH and the FNH analyzed to determine the
residual modifier and solvent levels. Target levels
were 1.0% or less for the residual modifiers and
about 0.5% for residual solvent in the extracted

'N[H.

The Hlow pattern for such oxtractions cdnled out ini
three stages is shown in 1'tgure 1.

U
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FIGURE 1

COUNTERCURRENT EXT'RACTION PROCEUIRE FOR TUHEE STAGE EXTRACTION
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1 1. "Ntl ExtI act ion And St 1 j1)1p1ig n adta

IBolow aTe dl;cu!s.;ed thl'e extiact ion;; conducted.
A :;unun,': y ci ail )J t fe i ,xI act ions, includrng pro-
cedurtc, and x usidual modifier and solvent contentL
i. shown ill Tablhe ].

Table 1. Summary of Extracti on.' @ 35'C.

Ext i •ac- Numruh, O So I vent Final
t lull 01f St ge to Pdr . Ext -act ion Final % % 4

Numbe, Stages (firs.) Ratio Si ze (lbs.) Modifier R.S.

1 2 2 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 4.0:1.0 100 0.50 2.54
8 3 3 4.0:1.0 100 0.41 0.46

9 3 3 4.0:1.0 1,000 0.53 0.34

The first tell gallon still extraction was run
using a solvent to powder ratio of 3.5:1.0 with
two - two hour stages. Total residuals wure at the
2% level as shown in Table 2. (All FNM analyses are
auj u•,ted to a dily ibasis. Wio'ro a residual solvent
analysis wa,; run, it. ii; shown. Where no analysis
was reported, 20% is assumed for simplified calcu-
lation.) Temperature charts of the actual extraction

Table 2. Extraction Data - Run No. 1
Two - 2 Hour Stages - 3.5:1.0 Solvent:Powder Ratio

Stage Weiglt %
lNT DPA DBP MeCl2

A. FNIf
Feed Stock 7.71 0.37 5.22
Atfer lst Eztraction- 3.48 0.10 1.43 10.t?7
After 211d Extraction 0.93 0.01 0.35 20.11
After Solvent Stripping 1.84 0.04 0.30 2.23

1.27 0.04 0.64 2.93
1B. Methylene Chloride

Feed - 2nd Extraction 0.0 0.0 0.0
Discharqe - 2nd Extraction 0.56 0.02 0.08
Feed - ist Extraction 0.44 0.06 0.16
Discharge - 1st Extraction 2.19 0.12 0. 33
After Solvent Stripping 1.11 0.02 0.20
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and solvent stripping are included for reference
foi thit; and all subsequent batches in Appendix C.

The second extraction was run exactly like
t he firsnt 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 FN!! 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

St age Weight %

DNT DPA DBP MeCl2
A. ENH

Feed Stock 11.03 0.43 3.47
After 1st Extraction 4.70 0.09 0.925 (20.0)
After 2nd Extraction 1.03 0.01 0.225 (20.0)
After Solvent Stripping 1.64 0.02 0.32 6.67

1.81 0.02 0.41 6.463
B. Methylene Chloride

Feed - 2nd Extraction 0.0 0.0 0.0
Discharge - 2nd Extraction 0.35 0.02 0.04
Feed - Ist Extraction 0.36 0.04 0.05
Discharge - 1st Extraction 1.58 0.11 0.27
After Solvent Stripping 0.02 0.06 0.03

Analysis of the extracted FNH, obtained from
the first two extractions, indicates that the
ground FNII 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 granulation of the
standard FNH's. A screen analysis of the ground
EN!!, provided by BAAP, revealed the existence of a
large :ange in grain size, with 41.45% of the
grains being over 0.079" diameter (see Table 4).
Extracted FNII samples from the first two extrac-
tions were screened on a 0.0937 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

6



Table 4. Screen Analysis of .'NIl

Screen Sizec Wt. 1 .NH letained on Screen
(in1chcs) BAA]' Sample FA Sample

.132 10.05

.111 6.40 16.45 14.6

.0937 9.35 9.35 11.8

.0787 15.65 15.65 ]i.]

.0661 31.49 31.49 10.9

.0555 11.61 11.6] 10.4

.0465 10.68

.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
Pan .54 3. 36 2.2

Total 99.50 99.50 100.0

AGD .0716" .0680"

Table 5. Extraction Data
L..',t,-,rcted rNT!; scrneened on .0937" screen, anrd udnscreened

Solvent Extracted Total
Run to Pdr. FNJI Screen Wt. % Wt. % Wc. % Modifiers
No. Ra1 t ie Analysis DNT DPA DBP %

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 Received 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 is
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 spread of the base stock complicated
both the extraction process and the data obtained
therefrom, the decision was made to proceed with
the stock as Provided recognizing that final produc-
tion procedures might be modified through a change
in control of the grinding process and the size of
ground FNHI supplied for extraction.

7



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
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:Powder Ratio

Stage Weight %
DNT DPA DBP MeCI2

A. FNH

Feed Stock 11.15 0.45 3.62 0.0
After 1st 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 0.1-0 (5.0)

B. Methylene Chloride
Feed - 2nd E:traction 0.0 0.0 0.0
Discharge - 2nd Extracti 0 03 -0C02 0.05
Feed - 1st Extraction 0.38 0.06 0.08
Discharge 1st Extraction 1.91 0.14 0.51
AfLer 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
extraction 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
the basis for proceeding 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 the 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.

8



Table 7. Extraction Data - Pun No. 4
Three - 3 11r. Stages - 4.0:1.0 Solvent:Powder Ratio

Stage Weight %
DNT DPA DBP MeC]2

A. FNI!
Feed Stock 11.19 0.53 3.06
After Ist Extraction 2.92 0.06 0.43 14.05
After 2nd Extraction 1.29 0.01 0.21 39.55
After 3rd Extraction 0.13 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 O.q2 0.06
Feed - 2nd Extraction 0.0 0.0 0.0
Discharge - 2nd Extraction 0.53 0.04 0.14
Feed - 1st Extraction 0.63 0.11 0.31
Discharge - 1st Extraction 2.51 0.20 0.97

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 ENH was realized after the third extrac-
tion confirming that the three step process would
bring residual well under the 1.0% maximum level
specified. The decision was made at this noint 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 8. Extraction Data - Run No. 5
Three - 3 Hour Stages - 4.0:1.0 Solvcnt:Powder Ratio

Stage Weight %
DNT DPA DBP MeCI2

A. FNH
Feed Stock 10.89 0.51 2.95 0.0
After 1st Extraction 3.80 0.09 0.725 (20.0)
After 2nd Extraction 0.65 0.01 0.11 (20.0)
After 31d 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 Extraction 0.39 0.01 0.07
Feed - 1st Extraction 0.38 0.06 0.08
Discharqe - 1st Extraction 2.29 0.05 0.44
After Solvent Stripping 0.22 0.01 0.07

9 I
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Three runs were made in 100 gallon still
equipment, extracting 100 ibs. of ground FNI! in
three 3 hour stages using the 4:1 solvent:"N'l
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 above 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 lesbos so
that it was necessary to augment the used solvents
with new solvent plus added residuals in order to
maintain the specified solvernt: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 DBP MeCI2

A. FNj!
Feed Stock 10.84 0.40 3.53
After Ist Extraction 4.5 0.16 0.55 (20.0)
After 2nd Extraction 1.50 0.03 0.20 (20.0)
After 3rd Extraction 0.35 0.02 0.05 (20.0)
After Solvent Stripping* 0.36 0.01 0.07 2.91

*Corrected for 2.91% MeCI2

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
Discharqe 2nd Extraction 1.28 0.06 0.38
Feed 1st Extraction 0.63 0.03 0.15
Discharge 1st Extraction 2.81 0.17 1.00
After Solvent Stripping 0.05 0.21 0.11

10



Table 10. Extraction Data
Run No. 7

Stage Weight %
DNT DPA DBP MeC12

A. FNH
Feed Stock 11.65 0.26 3.71
After 1st 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 1st Extraction 0.62 0.04 0.19
Discharge 1st 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 MeC12

A. FNH
Feed Stock 9.91 0.37 3.37
After 1st Extraction 4.09 0.075 0.06 (20.0)
After 2nd Extraction 1.11 0.01 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
Feed 3rd 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
Discharie 2nd Extraction 0.90 0.04 0.20
Feed 1st Extraction 0.77 0.09 0.18
Discharge 1st 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

1i



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

Table 12. DNT Extraction Pattern

Weight %
Loss in Gain in Calculated. Rdtio

FNH MeCl2 MeC12/FNH
Run No. 6

3rd Extraction 1.15 0.43 2.67
2nd Extraction 3.12 1.17 2.67
Ist Extraction 6.22 2.18 2.85

Run No. 7
3rd Extraction 1.31 0.20 6.55
2nd Extraction 1.97 1.16 1.70
1st Extraction 7.90 2.21 3.57

Run No. 8
3rd Extraction 0.77 0.20 3.85
2nd Extraction 2.98 0.75 3.97
Ist Extraction 5.82 - -

Run No. 9
3rd Extraction 0.50 0.17 2.94
2nd Extraction 3.66 0.46 7.96
1st Extraction 6.16 2.25 2.74

Table 13. DBP Extraction Pattern

Weight %
Loss in Gain in Calculated Ratio

FNH MeC12 MeC12/FNH
Run No. 6

3rd Extraction 0.15 0.11 1.36
2nd Extraction 0.35 0.27 1.30
1st Extraction 2.98 0.85 3.51

Run No. 2
3rd Extraction 0.10 0.04 2.50
2nd Extraction 0.45 0.38 1.18
1st Extraction 2.07 0.90 2.30

Run No. 8
3rd Extraction 0.10 0.04 2.50
2nd Extraction -0.09 0.17 N/A
1st Extraction 3.31 1.03 2.31

Run No. 9
3rd Extraction 0.05 0.05 1.00
2nd Extraction 0.77 0.18 4.28
1st Extraction 6.16 2.25 2.74

12



The conclusion is that the available data
cannot be used quantitatively 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 conditiL is

moving up in scale to 1,000 lbs. of unextracted PNH
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-
lish-ment.

Table 14. Extraction Data
Run No. 9

Stage Weight %
DNT DPA DBP MeCI2

A. FNI-

Feed Stock 10.67 0.31 3.30
After 1st Extraction 4.51 0.06 0.86 (20.0)
After- 2nd Extraction 0.85 0.01 0.07 (20.0)
After 3rd Extraction 0.35 0.01 0.04 (20.0)
After Solvent Removal 0.46 - 0.075 0.34

B. Methylene 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
Feed ist Extraction 0.67 0.06 0.17
Discharge ist Extraction 2.92 0.18 1.12

The above discussion has dealt with the pro-
cess requirements for extraction of residual
modifiers from the FNJI 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 been removed and separated from the
extraction material. During the period of this

13



study a specification of 0.5% maximum residual
solvent was estalbished for the finished material.
BIasecd on laboratory studies F'zankford Arsenal
irecommended azeotropic dist ilVation for removal
of tihe bulk of tho solvent with a final rapid
heatiiMg to complete the solvent removal. The3
work showed that solvent levels could be reduced
by this method from about 6% to 0.5% in approxi-
mately nine hours.

The procedure described is 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 for this current study was not so
equipped and efforts 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
;esults obtained are shown in Table 15.

Table 15. Solvent Stripping From FNH

Batch No. 6 Batch No. 7
Time(hrs) Temp(OC) Wt.%MeCl2 Time(hrs) Ternp(oC) Wt.%MeC12

0 27 17.86 0 20 21.3
3 1/4 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) Temr_(oC) Wt.%MeC12 Time (hrs) Temp(OC) Wt.%MeCl2

0 25 23.79 0 25 21.48
1 1/4 36 18.24 2 1/4 32 18.01

7 37 15.14 5 1/2 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 9/4 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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Ant icipatint; p~roblems of control of heat
input. at- the 38-39oC. level, Run No. 6 was made
with a ten inch vacuum applied. Initial s;olvent
removal proceeded rapidly, but the temperature rose
above the azeotrote 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, recovery so the next
run, No. 7, was made under atmospheric pressore
conditions. Again initial solvent 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 tile 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
pnrnuction scale oneration_

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.
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Ill. Wia I dC,) i niC Dai ta

The stecond phase ot this study wa!; to use the
extracted FNil in thin hardeninTg, coating and finish-

zilt of piopel]ant powdeis equivalent to the present

WC 846 and WC 870 BALL POWD)ERS. in the planning of
this work, it was recognized that one major problem
would he to quickly arrive at a suitable process in
tice one thouisand gallon oinot still to produce suf-
fic:ienlt single base grain.; in the .034"/.028" size
Jang' as required for finishing to WC 870. 'Phi.s
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.
Each hardenning 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 1), while summary data
at 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
increase average grain size. While larger material
was made, it proved to be of low specific gravity
ana was no)t acceptabeil for ftnishing by coating.

Table 16. Summary of Batch Hardenings

llardnihng Number AG3150 AG3151 AG31 52 AG3154 AG3156

Batch Size (lbs.) 300 400 425 460 409
Solvent Acid (lbs.) 900 1,280 1,200 1,300 1,145
MeCc2 in used solvent % 0 0 0 0 0
MeCl2 in .NJi % 0 0 0 0 0
.034"/.028" cut (lbs.) 15 15 t'coap 70 100

C,- - 0.9 .93r M n

SP.G. - 1.479 1.550 1.518
ADII (inches) - - N/A 0.0318 0.0287

.028"/.020" cut (Ibs.) 100 100 - - 120
G.D. 0.916 - - 0.891

Sp.G. 2.563 - - 1.538
AGD (inches) 0.0215 - - 0.0247

17
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Additional hardenings were made by reworking
the off size and off specificat ion materials from
the fitst three batches. Some process modification
wa.s required foi the handling of t he 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 separate stocks
were available; base powders produced through
AG 3154 were of the design density and that from
AG 3156 was lower than would have otherwise been
used,

While the extracted FNII 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 VNII 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 t o the
interaction of methylcnc chloride. The- absence of
residual methylene chloride in the final product is
desirable since, if present, it would be a cause of
gun barrel corrosion.

1I



IV. Coating And Finishing Data

Seven coatings were made and then appro-
priately blended in order to produce accept-abl]e
WC 846 and WC 870 propellants. Coat inq 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 specific
qravity and low nitroqlycerine levels. Despite
these problems, acceptable WC 846 and WC 870 pro-
pellants were produced, although in less quantity
( < 100 lbs.) 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 D9943 AB20689-3 100 .011
3151 D9947* AB20669-3 68 3.52 5.70 .0137 .900

AG-3156 N9243 D10110 AB20712-9 3 8.99 5.65 .013 .952
AB20712-J0 2 .015
AB20713-1 2 .017
AB20121-b 47 8.99 .012A

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

*1)9947 is a re-coating of D9943.

Table 18. Stocks Prepared For Blendinq To WC 846

Speed - Test Firing in 7.62mm M80 Ball Ammunition

M&V Charge Velocity Pressure

,-jwder wt.% arains •

AB20685-6 0.84 46.7 2711 52,700

AB20724-1 0.85 2741 55,700

AB20693-6 0.62 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.Ofc 2504 33,100

AB20724-2 20 ½ Pts AB20724 1 47.0 2728 50,800

28 Pts. AB20721-4
AB20728-5 20 ½ Pts AB20724.1 48.Ofc 2731 45,900

28 Pts. AB20721-4 47.5 2749 48,100

AB20736-4 AB20728-8 47.0 2762 47,600
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1,1lel9 19. 5 ock.k; Preljareld For Ni ending To'l)
WC 870 Speod - Coat ing Sumunary

Ia:;o N. G. Det - Bat ch NG UIHP KNO3 Sn102 G( ).
Powder I mpre Coat i nly Pi nal Pdr. # I b_ Wt .% Wt W wt. Wt . % (g/_ml

A(;-31'14 N9219 D)9945 AB20693-5 70 9.35 5.20 0.66 0.84 .942
AG-31'5 N9237 D10107 A1120706-8 65 4.98 6.36 0.97 1.00 .923
AG-315b 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 Chax Iq e Velocity Pr-essure
Plowdeo Wt. % grains fps _ is i

A1320u9 J-5 0.97 577 3374 59,900
AIH2070t,-8 0.82 593fc* 3168 43,700
A1120717-10 1.01 600 3182 39,000
AB20723-8 50% A1320693-5 1.17 603 3343 52,200

50% AB2071 i-10
AB20728-6 85% AB20723-8 0.85 578 3363 55,900

15% AU20693-5
A1420732-3 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 propared. Note should be made that
the last component of this blend, N9202/[)9937, was
prt ,'jaod from a suitably high density base stock
,and perform:; much as would be predicted from its
web and deterrent level. Coating N9214/19943
intended to be ballistically slow for blending with
N9202/D9937 had too low a nitroglycerine level to
be u'sed in the preparation of finished propellant.
The third and fourth coatings, N9243/D01l10 and
N10054/D!0113, were made. on lower densit-v hass

stock and an effort 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 coat ings N9202/D9937 and
N10054/DlOI13. The increase In pre)t';surI' at low
temperIat1ure with the X-3491 is within specification,
hut not desirable. This i ; attribute(l to the phys-
ical properties of that port-ion of the base powder

20



o0n 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
lot had a resultant tendency to crack, becoming
brittle at -65 0 F. and partially fragmenting. With
base 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 abnormaily
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 bleiiab dai dvailable for any additional
ballistic or chemical evaluation.
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A three stage countercurrent extraction tech-
nique, using methylene chloride as the
extraction solvent, effectively reduced the
level of unwanted materials from the FNH to
less than 0.50% by weight. This exceeds the
specification of less than 1.00ý by weight of
residual modifiers.

2. There is strong rvidence that a two stage
countercurrent extraction process is feasible
with its attendant economies of operation.

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

4. 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.

5. Acceptable WC 846 and WC 870 propellants can
be made from nitrocellulose recovered by
methylene chloride extraction of FNH.

6. The use of methylene chloride in the extraction
of FNH has no apparent effect on subsequent
ball propellant operations.

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

22



RIUCOMMINDATIONS

1. Establish reduced level of solvent to base
powder ratio that will give a three step
extraction process with a residual extract-
able level in the FNII of less than 1.0%.

2. Establish modified ground nowder size range
which will permit a two step extraction pro-
cess with a residual extractable level in
the FNII 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. Determine the means to implement the use of
methylene chloride in the extraction process
at BAAP.

5. Determine the cost of using methylene chlo-
ride in production operations at BAAP.
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APPENDIX A

FRANKFORD ARSENAL TEST PROGRAM
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APPENDIX A

FRANKFORI) ARSENAL

Test Program for Pilot Plant NC Recovery
Using L)ichloromethane as the Extraction Solvent

1 Extraction Phase

Two process variables are tu 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 350C. The
starting processing variable designations 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 -.l.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 iodifiers 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, Olin-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 temperature slowly (03 0 C per 15
minutes) until it reaches 38-390C. 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, 450C. At this point the heat input
may be increased to raise the temperature to 990C 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

25



causied thte azootropj" to be passed and the amount of solvent
stripped and recovered greatly reduced. It. miqht be interesting
to vary the heat input somewhat to alter the azeotropic
portion Of the operation to see theý extent of improved 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 needed. Samples can be taken
throughout the strip for this purpose or, at the minimum,at the end of the operation. The amount of solvent re-

moved should be correlated with thu analysis for dichloro-
methane in the powder.

Ill Solvent Recovery Phase

7t is the opinion of Frankford Arsenal engineers that
batch distillation of dxchloromethane in the pilot plant
would serve little utility, since such data are available
from bt-nch scale testing. A continuous stripping column
will be used in the full-scale recovery of dichloromethane;
therefore, no additional information can be gained from
pilot plant batch distillation recovery of dichloromethane.
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APPENDIX B

WORK PLAN FOR EXTRACTING FNI WITH METHYLENE CHLORIDE
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AIPPENI)1 X B

WORK PLAN FOR EXTRACTINNG FNII WITH METqIYIJENE C11OPIJE

A. Extractions

1. Inlitial two stage extxactions will be made in ten
qallon stills until correct solvent to powder ratios,
and extraction t ime, are found (initial solvent to
powder ratio - 3.5:1.0).

2. 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.

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

4. If the extracted FNM from the first extraction con-
tains more than 1% modifiers go to #5, if not go to
#8.

5. The second batch will be extracted exactly like the
first, ehcept that the solvent to powder ratio will
be 4.0:1.0.

6. 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.

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

8. 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 hts been
demonstrated that the correct parameters have been
found).

9. After determininq the extraction condition, work will
begin on optimizing the solvent strip procedure.

10. After the solvent strip procedure has been identified,
along with an extraction procedure, three 100 lb.
countercurrent extractions will be completed.

11. No solvent will be recovered by batch distillation.

12. One more extraction will be made with 1,000 lbs. of
.N!! using the test procedure previously obtained and

modified in the 100 lb. extxaction.

28



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 = weight of diphenylamine
3X = weight of dibutylphthalate

l0X = weight of dinitrotoluene

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

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

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

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

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

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

(In cases 4, 6 and 7 actual solvents recovered from
previous runs will be available for use as a major
portion of the solvent required.)

8. The three 100 lb. 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. liowever, the second extraction
will be run with used solvent from the first extrac-
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.
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C. Solvent Stripping

1. Add 2.7 lb. of water per lb. of FNH (original
extract ion weight) in the still and add drained
powder from second stage and agitate (at 50 RPM).

2. Raise temperature slowly (30C. per 15 min.) until
reaching 38 0 C. At this point the temperature
will level off. Cut back the heat to 30C./I5 min.
until the temperature reaches 450C. then heat the
still rapidly until the temperature reaches 990C.
(at maximum steam input). Hold the temperature
at 990C. for five minutes and then coo) to ambient
temperature. Solvent will he dumped into used
(first stage) solvent barrel.

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

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

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

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

5. Stability of powder will be determined after strip-
ping.

a. Store extracted powder under water.

30
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APPENDIX C

EXTRACTJON AND STRIPPING PROCEI)URES

TEMPERATURE TRACES

Figure Page No.

C-I Extraction No. I ............................ 32

C-2 Extraction No. 2 ............................ 33

C-3 Extraction No. 3 ............................ 34

C-4 Extraction No. 4 ............................ 35

C-5 Solvent Strip, Extraction No. 4 ................. 36

C-b Extraction No. 5 ............................ 37

C-7 Solvent Strip, Extraction No. 5 ................. 38

C-8 Second Solvent Strip, Extraction No. 5 ...... 39

C-9 Extraction No. 6 ............................ 40
Al

C-10 Solvent. Strip, Extraction No. 6................

C-1i Extract ton No. 7 ............................ 42

C-12 Solvent Strip, Extraction No. 7 ................. 43

C-13 Extraction No. 8 ............................ 44

C-14 Solvent Strip, Extraction No. 8 ................. 45

C-15 Extraction No. 9 ............................ 46

C-16 Solvent Strip, Extraction No. 9 ................ 47
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APPENDIX I)

BALL POWDER PREPARATION

HARDEN ING

1. Work Plan

2. Standard Operating Procedure
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WORK PLAN

A. 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
lbs. each of .034"/.026" 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 lbs. 5 lbs. 500 lbs.
Water 450 lbs. 60 lbs. 4,000 ls.
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. 5 lbs-
Colloid 1.5 lbs. 227.0 gms. 15 lbs.
Na2 S04 (dry) 12.5 lbs. 567.0 gms. 125 lbs.

Procedure:

Prior to starting of a hardeping batch in the 100 gallon still,
the following steps should be carried 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 SOP.

2. Drain all water from the still jackets. Be certain to close
drain and open line f-om jiacket to steam trap.

3. Add several inches of water to the Ptill and check to see
that the dump valve is tightly closed and not 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 nitrocellulose.

6. Start agitation at solution speed.
RPM

#3 Still Stills
#2 Stills 110
#4 & #5 Stills 60
1,00& 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 68 0 C. and hold for one hour.
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10. At. the end of solution period, adjust speed of agite-or
to RPM desired for graining step, stop agitation and allow
to coalesce at 680C. for:

5 minutes in 10 gallon still
).0 minutes. in 100 gallon still
i. 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 RPl

Solution 1 hr. 680C 110 1 hr. 680C 150 1 hr. 680C. 60 1 hr. 680C 60
Coalesce 10 min 680C 0 10 min 680C 0 5 min 680C. 0 15min 680C 0
Graining: 1 hr. 680C 1 hr. 680C 1 hr. 680C. 1 hr. 680C

39/25 50 50 40 3!
25/17 60 60 45 5(
17/fines 80 80 50 60

Salt Addn. 1 hr. 680c 1 hr. 680C 1 hr. 680C. 1 hr 680C
Shdpixly & 2 ihrb 68CC 2 h.is5. 6000 2 hra 650C. 2 hrs 680C
Dewatering
Distilla-- 2 hrs First GS 2 hrs. First GS 2 hra First GB 2 hrn First GE
tion: Vapor Vapor Vapor Vapor

2 hrs 750C GS+10
1.5 hrs 80°)C GS+20

850c CS+30 Same Same Same
900c GS+40
950C GS+50

1 hr. 990c GS+70
990C GS+70

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

10 gallon still - 227 gms colloid in 800 ml. 120
100 gallon still - 1.5 lbs. colloid in 6 lbs. H20
1,000 gallon still - 15 lbs. colloid in 60 lbs. H20

15. Continue graining period for one hour.
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16. 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 skimmner paddle.

17. Continue to shape and dewater for an additional two hours
at 68 0 C. to desired RPM. Sample and observe the batch
from time to time and make notes in notebook regarding
size and shape.

18. When shaping and dewatering is completed, start heating
the batch for distillation using two hours time to raise
the temperature from 68 0 C. to the temperature where the
first vapor starts coming off.

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

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

20. When the temperature of the batch reaches 99 0 C., continue
distilling at 99 0 C. for 1/2 hour, then cool, and wash
with three cold water washes to remove salt and colloid.

21. Drain still contents into barrels for wet screening.

22. Turn off cooling H20.
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APPENDIX E

BALL POWDER PREPARATION

COATING

1. Work Plan

2. Operating Instructions:

NG impregnation

Deterrent Coating



WORK PLAN

A. Coatings -

1. Three, fifty pound NG and deterrent coatings,for each cut, will be made using standard
operating procedures to make WC 870 and WC 846
propellant.

2. One hundred pounds each of WC 370 and WC 846propellant will be shipped to BAAP for testing.
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OPERATING INSTRUCTIONS

NG IMPREGNATION - 100 GAL. STILL

1. Check still for cleanliness - Run clean out if necessary.

2. Add enough water to still to check dump valve for
proper seating.

3. Empty solvent receiver to make space for condensed

solvent.

4. Write up request in proper book, (D or N Log Book)

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

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

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

8. Heat to 50 0 C. and hold for 30 min.

9. Weigh out NG-EA as per % requested for powder following
NG Halidliing S.O.P.

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

11. After NG is in, raise temperature to 650 C. over one hour
time and hold for four hours unless otherwise requested.

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

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

14. Raise temperature 20 C. per hour till 860 C. is reac.ed or
as 15 below,

15. Start R.S. samples for Q.C. at 760 C. and sample each hour
till Q.C. cuts distillation.

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

17. 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 lbs. 60 lbs.

Colloid 900 grams 150 grams

Wt. of Powder (max.) 125 lbs. 20 lbs.

Deterrent, % As Requested As requested

Temp.: E.C. 86 0 C. 860C.

DBP 760 C. 76 0 c.

Agitator RPM's 140 140

1. 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 lbs. 5 lbs.

Colloid 2 lbs. 5 grams

Deterrent, % As Requested As Requested

Add to Still 1 hour 1/2 hour

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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APPENDIX F

FINISHED POWDERS

TABLE F-I Powders for WC 870 Blending

F-2 Propellant Description Sheet X3492
(WC 870 Speed)

F-3 Balli ;tic Acceptance Test X3492
(Wc 870 Speed)

F-4 Powders for WC 846 Blending

F-5 Propellant Description Sheet X3491
(WC 846 Speed)

F-6 Ballistic Acceptance Test X3491
(WC 846 Speed)
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qFABI.F F-I

POWIDEIRS FOR WC 1370 BLENI)ING

B~s, F i i a I B~ase, F- i 7,1. 11:, F inall]
Stock vnll rck P'owdex Stock Powder

Id, it it ,Itct 1(n AG--3154 AB20693-5 AG-3156 AB20706-8 AG-3156 AR20717-10

Coadt I nc No. N 9219 N 9237 N 9821

uty. o) I'df . 66t,. 73 65 73 25 27

Gi anlldat ion (ill) .034/.028! - .(134/.028 - .034/.028 -

Ave.,;riin Dia. 0.03J8 - 0.0299 - 0.0299 -
(i,,)

. 01•,'. (;IavIty 1.51 1.518 - 1.518 -

( ,Iv. i)Don. 911/cc 0.931 0.942 0.918 0.900 0.918 0.901

i)t'hcniy1,imi1n,, % - I - .1.) - 1.0 -

D)iii tlotol Ik-ne - - 0.17 - 0.17 -

C1hior Ijie, It - 0 - 0 -

Il iltytyl )ttha- 5.20 0.1 6.36 - 6.15
late, t

Nit i•glyct io 9. 53 4.98- 9.05

Potassiuum Ni- 0. t6 0.97 0.54
t late, %

T'iir ll ioxide, 1 0.84 1.00 0.68

M . V, % 0.97 0.82 1.01

b 0



CO F ORM O0t)IANCI CORP'S 1Pd.00 F- 110.

PROPILANI DESCRINiION '-ifil .9

U.S. it~ylot N. X3'?2 f - - - Composittion No. r. -

C ontract W. Datrp. Api 13,96

Nitl, e 'n tn K. 1,Strc Tes.t (65 1,* I ;Labi~la. Test i 1..* I

Ma -t --- Ma).muni - -- ---. l1,. Mxmim- Nn

Minmu _-- - ~ ?Minimnum ---- - Mtt uMnim n,

- ------- -Avrage- . .* _-Munu Average--- - --2It,n,

TOWn -ioeght ,I L.mIV~let Per oundl NC _ __-Conaiting of -POklnuln AICoh,,l ant -

TE.STs OF tý.ilisili 1; VIliu'If It ANT

CO~i~imd~tm~t4sTAtiI1l 15 ANDi PFOIIV At-S It 1,

ItC- I___I_____1 3________ = - tA ____

;3 -- I. o 2 C a. I et m int.
cr111,n__ 00_ _in.

1 ~ ~ ~ ~ _ 131itIi __ Grayv. dtnýity, or puolmulopm- iclft . _____7

¾1111INl )Ltml 13. 01_

IINiItIW ofmmtl.%kN SM A XN A k InA1 1. s I InI I

- ------- 1 I ll ----. m llI uiu .m

i~lI.'I1.111 N'hiWk m lb'uItS

Diame ter of ______________ (4fl-2C O

web) Avcrage- 35 ~ .I _____

fluffet-ente buetween inner and outcr web 1
int let cent of web a~verage...... ~ ~

L: D (Y) mt1j~I L-

Pate paeked~i/~1 Ju.... te flfered. ...J /7.L.. Itaton sarnpled_ I I ./15 t,

Dlate test ttniahruI ... ZIL J2A.......... Dot. description short& for-warded
Type. of Packing )to- Ih

Remarks:

BEST AVAILABLE COPDY



BESI AVAIUBLE COPY

BALLISTIC ACCEPTANCE TEST X1492
FOR

WMALL ARMS PROPELLANT POWDER 11201
MI,-I'- 3H41-: d&itt d Aji,. I 3, ]9(,9 & Amend. $4 dated Tn,. -Ir
il. ,, 197.1 & I)iawitiq ('10534813 dated !,;ept.30, 1971 oe. 31/29/76

TESTED IN ACCORDANCE WITH SPECIFICATION __"

PROPELLANT POWDER GUNS P, fv. Flrd By

OLIN MATHIESON VEL, VEL. PRElL H... BI.,d _____
RFL ILE GAGE

CHEMICAL CORPORATION - - --, R __RIL

Lt x- R14.."t M'5OA3
o,, .0 - •; . B. :; ' . - Mo,, .) 32 B I, 15 5 G1

Mm, .oL.i __fL_1 Li.. 8-.4 L..Wh, - - -' ... Ic
G___ - ,-. hood - -o Cwtvitg. CooChg ___ ') b 0/ / IC

,, In... _ T,.. ,,.., OF _.- VAATI..• ,M

DATE BLEND Gum OR No. EA CORRECTED EOIT N
DATE/ L.E0.. IOF MEAN oRESS I VELOCITY rAN

"FIRED TEST I GAGE R E ITY. CHAMBER PRKSS.

luLL .ECN0I-~-~*ACIION TlMI TEMPERATURE TESTS CHANGES PORT PRESSURE TEST

ST6R I. E " -x.N. -- -- PXR NO- ACTUA
AE MAX. IWONO.D D.A T PI~.VL RS.P~S T"5 AV.NC. A11

'0 1<Oundtli Act ion Timie

stoicd at Fired-at Ave. Max. Ind.
7011 F. 2. 66 2.72
- 6 - 5 F. 2.92 3.04

DATE HA GE GUN O RG AG E N. EA STAICARD REfERENCE
FIRED LOG NUMBER GRAINS NUMBER O EOCTY cATRI

_________!• O!___ SoZ•_dIq .'•,_ n .. . ... .______________00

__ _ __ o.,$.no . _ _ _.3..- "t..._4_000

THIS LOT PROPELLANT POWDER i•-i.'-..•- THE BALL.ISTIC TEST REQUIRE.MENTS,

OcEANMENT OFFICIAL.

TE:CHNICAL DIRECTOR

St.- Min I 7

S-tu dw Fl~l2

C~onfi..-6 Cow~m PI
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BEST AVAILAITLE COPY 'APPw

CID FORam

PROPLLLANT DISCRIP1ION StiE fq M f *"

Ary of 4om nosiiori Nn __ Fo_ 62mm.

AI B2 0 7 - 6 - 13adqjer

01l Darl., _ _______ 
34 ibS-

________________- '~~frI,f- -i 041~ 1.- 1' 4W, -, of A1)? . 1 3, 196,9

~CPI.III~ti N,, rKOL I.S Agi'(cio. #4 dcateýd Fe~b. 5 ,1972

Blii Ftv-D a ii (1nuA8 Jat-iU/ 7I

t-r.- Content K I Scarth Tr~t oll: h - St.binO 1, 1, i -)

_______Maximruni - .. no, o.Iximu-nN n

-- I IMOPill SOLVENT RT(OVI MY AND JIM) IN'.-

(O\IIIXTICI 1 STS Ok INI1ýlU 11 VROPF LI ANtr

- .. Ntt]. ~e (f 'muou T ION IBL.1 AXL)dj.) rilcv ______

11_1_L 1.13viia %_

VoI.~-1 i U-! Gray, density, or pounds per cu. ft____

Moi:11 & ol til*S 0. 75 --___ __________

H~~~ci~~_du~~~~l Sov i __ . 7 a~____ X~k __________

Cad-~l, I iiti C riutirli~ l ii 1 0.09 -~ Nit~ri.uLc 3I '?L

L:Dt-(D) -. - K-41

Jhat~eert.f prforationR t d) /7 9a.02t-pin heifowre

Itn nerkx - 30 41 3

1~so. 1 Oi~. 0 . 39..tj7 ____Av~rg, 46.21



TAL ST AVAILABPLE COPY

BALLISTIC ACCEPTANCE TEST Los X 3491
FOR 7. 2

SWLL ARMS PROPELLANT POWDER ctm.,
. BALL

bet. 11/21/76

TFSTED IN ACCORDANCE WITH SPECIFIr T--4IO
)PELLANT POWDER GUNS Proe| Fired by

-IN MATIIESON VEL. VEL. PRESS. ieow Blond q
M! CHEMICAL CORPORATION RIFLE _RIFLE GAGE

Let H.. _X-194I R".e"J N. 5 5 Almle Tyi, M-80 BALI

M.d.e 5tmarks r"." *.i me. - 4 4 A7 -. _._ c

No Wt. ef Lot 34, Lb.. Ba.el Le.nth 22" 22" r LC

Chg.. - 47L0 Gr. He3d e 3 Cridv Cm
Au, Sp~o +. 047 i,. T,.. Fr 587 45 . TempeMrat Cre -70

GUN OR NO. CORRECTED .ORRECTED VARIATION IN

DATE BLEND GAGE F EAN PAESSURE VELOCITY AMPGAG VEL~fIT Y CHAMB ER PRESS,
FIRED TEST RDS. AT -EoFT.-

|MEAN MAX_ 1XTR. STIL DIV.

11/21/76 ____,_ I_ "6 _2 2.4 ---•,,, ~ 4 •]70 -98)62.001 1464

ACTION TIME TEMPERATURE TESTS CHANCES PORT PRESSURE TEST!(blILLI$E O D)__ _ _ _

STORED FIREO MAX IN.D PORT iaICTA
AVE. MAX. IN NO. OP RDL AT AT PRiSS. VEL PRESS. PRESSL ADS. AYE. COAL LV

1. .38 _20 -65o-65° F 56000 -37 -4700 __20 10578 11178

! 20 4125o]+125°:48000 -7 +100

REMARKS.
Chamber Pressure +3 SD= 51,992 psi

nATs CHARGE GUM OR GAGE NO. MEAN STANDAR b REFERENCE

FIRED LOG NUMBER GRAINS NUMBER OF VELOCITY CARTRIDGE
ROS. AT 78-- FT.

-1 /,1/7f ,,°.2741 LC-Y-7.62-903
1 ] ,2!/7 ___.. ______ 4 20 27Iz _ I- .e. e

Cow.aeIo•. 141,700 12,900
1/2]/76 St..d Firi. 4. 20 40,500 12,300

_ __ o,,, _ •,I ti 20 0  
-+b6

THIS LOT PROPELLANT POWDER - THE BALLISTIC TEST REQUIREMENTS.

t(IVERNMENT OFFKCIAL

(SIgn;•.e,)

TFCHNICAL DIRECTOR
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