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ABSTRACT

It is well known that nitroglycerin(NG) may evaporate and migrate from the triple base propellant grains in
storage. This physical process makes it double base environment to the CCC(combustible cartridge case) which is
based on nitrocellulose(NC) without NG. Meanwhile, it is not appropriate to use diphenylamine(DPA) as a
stabilizer for CCC in this double base environment because of incompatibility between DPA and NG. So we
estimated the shelf life to study the effect of NG migration from propellant to CCC by following the procedures
in the STANAG 4257. And we found out that CCC with ethylcentralite(ECL) has 7.5 years longer shelf life than
with DPA, when NG migrates to CCC from triple base propellant grains.
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- Raw Material Preparation

Slurry (Nitrocellulose, Stabilizer, Resin, etc)
Preparation
- Pulping and Precipitation
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Felting - Wet Felt Forming
Operation - Dilution

Hot - Machining(trim, etc)
Compaction - Pressing
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¥

| Accelerated Aging Test |

Fig. 1. Procedure of making specimen for
accelerated aging test

Fig. 2. Procedure of making specimen

AL el |48k 8) A A2 A45(20199 8Y) /511



Table 2. Consumption of DPA in CCC

2ol kel 60 C 70 C 80 C
A7t HEA FF 2 2% 2ol wel SEAFE7 : s : S : 3
(Fig. 39D & o839 7I5usAd-S J a3kl (days) | (wt%) | (days) | (wt%) | (days) | (wt%)
0 0.99 0 0.99 0 0.99
Table 1. Accelerate aging test conditions of CCC 1 0.99 1 0.99 1 0.93
T 2 B 2 0.97 2 0.95 2 0.86
IEs 25
S| BF (TS E =N 3 0.96 3 0.95 3 0.83
cce 5 0.95 5 0.94 4 0.79
DPA 7 0.94 7 0.92 5 0.76
CCC + TBP 60 OC, 70 OC,
9 0.93 9 0.88 7 0.7
ccc 80 °C
ECL - - - - 9 0.58
CCC + TBP i - i _ 2 051

Fig. 3. Chamber for accelerated aging test
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Table 3. Consumption of DPA in CCC with TBP

0.0

60 C 70 C 80 C m‘
t S t S t S
(days) | (wt%) | (days) | (wt%) | (days) | (wt%) 0.2
0.99 0.99 0 0.99 > 034
a
1 0.93 1 0.79 1 0.44 £ ]
0.4
2 0.83 2 0.62 2 0.02
0.5
3 0.8 3 0.51 - -
0.6
4 | o715 | 4 |04 | - | -
0 2 4 6 8 10
5 0.7 5 0.3 - - i
6 0.56 6 0.19 - - Fig. 6. Consumption of ECL in CCC
7 0.56 7 0.11 - -
Table 6. Consumption of ECL in CCC with TBP
8 0.51 8 0.08 - -
60C 70C 80C
) ) t S t S t S
Table 4. Reaction rate constants of the consumption (days) | (wt%) | (days) | (wWt%) | (days) | (wt%)
of DPA on the temperature 0 1.25 0 1.25 0 1.25
Values CCC CCC + TBP 1 1.24 1 1.21 1 1.19
ks (day™) 0.00748 0.08143 2 1.23 2 1.19 2 L15
R? 0.97667 0.98830 3 122 3 1.17 3 1.02
kaaax (day'l) 0.01206 0.28460 5 1.21 4 1.15 4 1.01
2
R 0.96572 0.98186 6 1.19 5 112 5 0.98
kassk (day™) 0.05587 1.72298 7 1.18 6 1.09 6 0.82
R? 0.99178 0.9018
8 1.18 7 1.04 8 0.77
- - 8 1.03 - -
Table 5. Consumption of ECL in CCC
60 C 70 C 80 C
t S t S t S
(days) | (wt%) | (days) | (Wt%) | (days) | (wt%)
1.25 1.25 1.25
1 1.24 1 1.23 1 1.19 -
4
2 1.23 2 1.2 2 1.14 %
3 1.23 3 1.15 3 1.1
5 1.21 5 1.11 4 1.04
7 1.19 7 1.07 5 0.93
9 116 9 0.99 7 0.81 0 2 : o s
t, days
- - 9 0.69 ) . , ,
Fig. 7. Consumption of ECL in CCC with TBP
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Table 7. Reaction rate constants of the consumption

of ECL on the temperature

Values CCC CCC + TBP
kassx (day™) 0.00750 0.00763
R? 0.98427 0.99217
kagk (day™) 0.02443 0.02387
R’ 0.99236 0.99352
kssak (day™) 0.06063 0.06001
R? 0.98370 0.98039
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Fig. 8. Arrhenius plot of the reaction rate constants
of the DPA consumption in CCC
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Fig. 9. Arrhenius plot of the reaction rate constants
of the DPA consumption in CCC with TBP

Table 8. Kinetic parameters of the consumption of

DPA
Values CCC CCC + TBP
E, (kJ/mol)
. 148.8461
(333K to 353K) 97.73695 8.84618
kaosx (day™) 9.88E-05 1.33E-04
tooe, (year) 44.6 332
2.5 -
y = 32.06396 - 12295.25374 x
R®=0.99324
-3.0
3.5
£ 4
£ 404
-4.5 o
-5.0
v I h L] h L] v L]
0.00285 0.00290 0.00295 0.00300
T, K"

Fig. 10. Arrhenius plot of the reaction rate constants
of the ECL consumption in CCC
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Fig. 11. Arrhenius plot of the reaction rate constants
of the ECL consumption in CCC with TBP

Table 9. Kinetic parameters of the consumption of

ECL
Values cce CCC + TBP
E. (kJ/mol)
(333K to 353K) 102.2 100.9
koosk (day.) 1.01E-04 1.08E-04
to2e (year) 434 40.7
54 8
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