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[ABSTRACT] To explore the influence of process parameters on the denitration reaction of spherical gun propellant,
Box-Behnken response surface methodology was used to optimize the denitration process of spherical gun propellant. On the
basis of single factor experiments, the effects of denitration agent concentration, reaction temperature, and reaction time on
explosion heat of nitro gradiently distributed spherical gun propellant were analyzed. The microstructure composition of nitro
gradiently distributed spherical gun propellant was studied using micro Raman technology. The constant-volume combustion
performance of nitro gradiently distributed spherical gun propellant before and after denitriation was investigated using a
closed bomb test. The results of single-factor experiments and response surface methodology optimization both indicate that
the primary and secondary process parameters affecting the performance of nitro gradiently distributed spherical gun propel-
lant are reaction temperature, reaction time, and denitration agent concentration. The correlation coefficient between deni-

tration process parameters established by response surface methodology and the explosion heat of nitro gradiently distributed
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spherical gun propellant is 0.978 5. The explosion heat obtained from experiment is basically consistent with the explosion

heat predicted by the response surface model, indicating that the optimized response surface model is reliable and effective.

Raman characterization results indicate that the distribution of nitrate ester groups on the surface of nitro gradiently distri-

buted spherical gun propellant shows an increasing gradient from the surface to the interior. After adjusting the process

parameters, the explosive heat and combustion progressivity of nitro gradiently distributed spherical gun propellant could be

controlled over a large range. It provids technical and theoretical supports for the precise control of the performance of nitro

gradiently distributed spherical gun propellant.
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Tab.1 Denitration reaction conditions of samples
wn | RAR EE EE
Bt 8% EE/C i 1]/ min
QB-0*
QB-65-1* 12 65 60
QB-70-1* 12 70 60
QB-75-1" 12 75 60
QB-70-2* 12 70 80
QB-70-3* 12 70 100
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Tab.2 Factors and levels in the response surface test
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Fig.2 Variation of explosion heat of nitro gradiently distributed

spherical gun propellant with reaction conditions
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Tab.3 Results of the response surface test

Py A% B/C C/min Q/(J-g™h
1 12 70 80 3709.62
2 12 65 100 3829.12
3* 14 70 100 3.390.70
47 12 75 100 3395.54
5* 12 70 80 3647.83
6* 10 75 80 3 667.63
7" 14 70 60 3771.18
8" 12 70 80 3619.54
9* 12 70 80 3677.42
10 10 70 60 3975.58
1n* 12 70 80 3734.12
12° 14 65 80 3 846.42
13* 12 75 60 3 667.17
14* 10 70 100 3711.67
15* 10 65 80 3.974.10
16" 12 65 60 4 029.87
17* 14 75 80 3363.05
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Tab.4  Analysis of variance of the response surface model

J7 2 KR Nl B e ¥y F{H P1H B
LT 6.042 x 10° 9 67 133.890 35.43 <0.000 1 * %
A 1. 146 x 10° 1 1. 146 x 10° 60. 50 0.000 1 ok
B 3.145 x10° 1 3.145 x10° 165. 96 <0.000 1 *
C 1.559 x 10° 1 1.559 x 10° 82.27 <0.000 1 ok
AB 7 823. 400 1 7 823. 400 4.13 0.081 7
AC 3 397. 140 1 3 397. 140 1.79 0.222 4
BC 1 255. 990 1 1 255.990 0. 66 0.442 4
A2 302. 480 1 302. 480 0.16 0.701 4
B 2 983. 290 1 2 983. 290 1.57 0.249 8
c 2 868.420 1 2 868.420 1.51 0.258 3
B 13 264.280 7 1 894.900
AU 4 787.300 3 1 595.770 0.753 0 0.575 3
gl 8 476.980 4 2 119.250
A 6.175 x 10° 16

T s A (P <0.01),
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Fig.3 Response surfaces showing the interactive
influences of various fators on explosion heat of the

nitro gradiently distributed spherical gun propellant

i ERR A 10 5 i R A B Y 0 R R
R, 25 DAL, %o 45 v 6 ) 107 i 1T 3264743 Br vl A
A5t 2 2% DR 2R 22 8] 22 EAE WD i 2R 35K et 245 8 R
SN/ | R LA SE 3k 8 77 A — 52 i) [R] 2R f 8 455
B SE A O 1 T 3 1 I U R R T LRI
J N P8 X Ao i K e 24 B A T K
2.2.4 HERIIIE

Shy 55 U T A2 37 %) e IO TS TR A A Ot 4 R
FEAN[R) T 205511 1 8 P s i 63K e 25 1) R
ATINAE | SZUG AT 118 4 A5 e 7. T A 75 ) ) e
mEl 4 3k s s, MK 4 Figk s il LUE b, B
JEERF K i 245 1Y) ST B e A 5 000 3% B0 W) B A
1, A AR R 25 e KON I 0. 90% |, - F4AH X i
ZEANBIT 0. 50% , FBH T £ 37 %) i 7 T A5 U 3 A F
PEALER I 25 IR 125, RE A% FH T X0 66 52 il S 3K
25 AT T

4200

4000

3800

3600

TR/ )

3400

32(?’,0200 3400 3600 3800 4000 4200

SRR BERYJ-g)
B 4 B REREFEER i 2 1A SEBR AR IS T AR SR X e

Fig.4  Comparison of actual and predicted explosion

heat of the nitro gradiently distributed spherical gun
propellant
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Tab.5 Comparison of actual and predicted explsion heat of the nitro gradiently distributed spherical
gun propellant

b B SMRY SR E/ SRS L/ if%&_ﬁ‘é@/ TR FxR2E/
% C min (J-g™") (J-g™") %
1" 10 65 60 4 123.49 4 105.38 0.44
2* 10 65 80 3974.10 3 986.54 0.31
3* 10 65 100 3 936.25 3919.91 0.42
4* 10 70 60 3 975.58 3942.44 0.83
5* 10 70 100 3711.67 3721.53 0.27
6" 10 75 80 3 667.63 3 678.46 0.30
7* 12 65 60 4 029.87 4 050.57 0.51
g* 12 65 100 3829.12 3 806. 82 0.58
9* 12 70 80 3709.62 3677.71 0.86
10* 12 75 60 3 667.17 3 689.48 0.61
11* 12 75 100 3395.54 3374.85 0.61
12* 14 65 80 3 846.42 3 835.59 0.28
13* 14 70 60 3771.18 3761.32 0.26
14* 14 70 80 3 540. 64 3 566.48 0.73
15* 14 75 60 3542.42 3563.17 0.59
16" 14 75 80 3 363.05 3 350.61 0.37
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Tab.6 Characteristic parameters in the closed bomb test and P, of the nitro gradiently distributed

spherical gun propellant

Lo/ P’/ L'/

L/ 5 Lo/ Lo.s/

a2 P

MPa ms (MPa-ms') ms (MPa'-ms™') (MPa™" +ms™")(MPa™" - ms™") '
QB-0* 259.87 2.15 269.99 1.00 11.06 0.07 10.59 8.44 0.041
QB-65-1*  250.29 2.95 229.96 1.75 7.14 0.27 5.98 7.13 0.147
QB-70-1*  248.87 3.65 209. 87 2.15 6.38 0.32 4.96 6.32 0. 181
QB-75-1"  243.92 4.00 177.32 2.45 5.52 0.39 4.05 5.39 0.228
QB-70-2*%  242.47 4.45 182.01 2.70 5.67 0.39 4.03 5.52 0.232
QB-70-3*  236.35 5.50 136.68 3.05 4.52 0.38 3.26 4.42 0.224
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