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Table 1 The experimental factor and level design table for Table 2 Experiment design and experimental results of re-
RSM sponse surface test group
level coded variable the heat of explosion
factor — 5 run . Xg | %
-1 0 1 A B C /ki-kg
A hydrazine hydrate concentration / g-L™" 120 150 180 1 -1 -1 0 3744.28 7.59
B reaction temperature / °C 70 75 80 2 1 =1 0 3545.23 12.50
C reaction time / min 90 120 150 3 -1 1 0 3597.08 11.22
4 1 1 0 3332.42 17.75
5 -1 0 =1 3793.44 6.37
2 HRETE 6 1 0 -1 3551.49 12.35
7 -1 0 1 3565.05 12.01
21 MEELHERSHBHR 8 1 0 1 331363 16.22
WUE IO ZOkP R RABBD ®IIE Tz 0 0 T 1 e 770
e . . 10 0 1 -1 3560.19 1213
SEI MR A 2 LI 2 RO AT AL S S 2 A Il S . 0 1 1590.00 a0
D0 R 45 2 S 96 T o) 5 B JE i S B L K B 24 ) R A 12 0 . 1 3395.58 16.19
(B, IS B 3 . RS2 45 R Nk 2 s . 13 0 0 0 3541.15 12.60
211 ZRLERMHREEEHET W0 0 0 36048 11.04
{# Fl Design-Expert 3k 470 % & 2 v 52 56 B0 45 iF " 0 0 0 357981 165
~ . i ) ) . 16 0 0 0 3596.55 11.23
A3 03 M7, S SE K IR BE BTt JBE N I (1] 5 B i . 0 o o 355258 1932

RZ A Z2 10 2, WA A 2] R ns(2)
JI 7R
X, = 14.70 = 0.2583A - 0.3680B + 0.0178C +

0.0027AB + 0.000064AC + 0.0006BC + (2)
0.0005A% + 0.0023B* + 0.00003C*

2.1.2 FEHDWHEEEHRE
b R TR AR ARY SR AT 0 22 DA R B 3 M AT
HARSGHreE R 3w, M 3 Hn] LIF H By g

R3 T EMTEEHEERR
Table 3 Analysis of variance (ANOVA) and significance tests

Note: x, is denitration rate.

A F{E N 33.61, BRI A 72 8 2 2% (p {H<0.0001) , i
iz A AR EE. BEMYMHXSE RN
0.9774, 3 W] 52 96 {4 5 H0I0 4 2 (4] A R4 09 A DG 1 .
PR A 26 UK 2 2 (p=0.3791>0.05) , 78 5 5 Bk
INC.V.=6.03%<10%) , 15 B A AU rp B4l 19 728 S PR A
JIN 32 8] A A (Y S 5 (R TR Y, R Y Y 0L B AR

source sum of Squares degree of freedom mean Square F-value p-value significance
Model 158.72 9 17.64 33.61 <0.0001 o

A 69.80 1 69.80 133.02 <0.0001 o

B 40.95 1 40.95 78.05 <0.0001 o

C 46.42 1 46.42 88.46 <0.0001 o

AB 0.6561 1 0.6561 1.25 0.3004

AC 0.0132 1 0.0132 0.0252 0.8783

BC 0.0324 1 0.0324 0.0618 0.8109

A? 0.8142 1 0.8142 1.55 0.2529

B’ 0.0138 1 0.0138 0.0263 0.8757

c’ 0.0037 1 0.0037 0.0071 0.9352

residual 3.7 7 0.5247

lack of Fit 1.84 3 0.6142 1.34 0.3791

pure Error 1.83 4 0.4576

cor Total 162.40 16

Note: p<0.05, significant, is denoted by *; p<0.01, highly significant, is represented by **; p>0.05, not significant.
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b. hydrazine hydrate concentration and reaction time

denitrification rate / %

c. reaction temperature and reaction time
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Fig. 1 Three-dimensional graph of the response surface of

the effect of different factors on denitration rate
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Table 4 The actual denitration rate and predicted value

It i R 0 A5 5 0 (B X L

Process conditions

run hydrazine hydrate reaction temperature  reaction time predicted value / % actual value / % relative deviation / %
concentration / g-L™"  /°C / min
1 120 70 120 7.46 7.59 -1.68
2 120 75 120 9.26 9.27 -0.12
3 120 75 150 11.64 12.01 -3.08
4 120 80 90 8.76 8.88 -1.33
5 120 80 120 11.18 11.22 -0.41
6 120 80 150 13.65 13.69 -0.33
7 150 80 150 16.63 16.19 2.67
8 180 70 90 10.22 10.47 —2.44
9 180 70 120 12.57 12.50 0.52
10 180 70 150 14.97 15.20 -1.49
11 180 75 90 12.74 12.35 3.18
12 180 75 120 15.18 15.44 -1.72
13 180 75 150 17.67 18.22 -2.99
14 180 80 90 15.37 15.59 —-1.40
15 180 80 120 17.90 17.75 0.83
a. original propellant b. nitro gradiently distributed single-hole propellant
2 BAFLR S 2 B 1
Fig.2 Cross-section of a single-hole gun propellant
| 11284 | 845 l1284
3 M 3 M
£ £
[ S SO NN L N, :
| | T -
500 750 1000 1250 1500 500 750 1000 1250 1500

Raman shift / cm”
a. edge of the hole

B 3 i A AL A S 24 ) T B 0 TS [ 7 ) 2 0 3 il £

Fig.3 Raman spectra of nitro gradiently distributed single-hole propellant at different positions from the surface
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Fig.4 p-tand L-B curves of original propellant and nitro gra-

diently distributed single-hole propellant
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Optimization of the Preparation Process of Nitro Gradiently Distributed Single-hole Propellant Based on
Response Surface Methodology

FAN Hong-lei', GU Yu-le', PENG Zhi-hua', WANG Xin-yu', LI Shi-ying’®, LI Chun-zhi‘, WU Xiao-qging', XIAO
Zhong-liang**

(1. School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China; 2. School of Chemical Engineering, Nanjing
University of Science and Technology , Nanjing 210094, China; 3. Key Laboratory of Special Energy Materials of Ministry of Education, Nanjing University of
Science and Technology, Nanjing 210094, China; 4. Luzhou North Chemical Industries Co., Lid., Luzhou 646003, China)

Abstract: The response surface methodology (RSM) along with Box-Behnken design was firstly applied to optimize the denitra-
tion process of the single-hole propellant. The effects of three main influencing factors, hydrazine hydrate concentration, reac-
tion temperature and reaction time on the denitration rate in the denitration process of single-hole propellant were investigated. A
quadratic mathematical model with the denitration rate as the response value was established. The results showed that the degree
of influence of each factor on denitration rate was hydrazine hydrate concentration > reaction time > reaction temperature, and
the interaction between the factors was not significant. The correlation coefficient of the established quadratic model is 0.9774.
The experimental values of denitration rate and the predicted values of the model were in good agreement with the relative devia-
tion of 1.61%, when multiple experiments were conducted within the range of the factor levels, indicating that the proposed
quadratic model is highly reliable and can be used to predict the denitration rate in the denitration process of the propellant and
optimize the process conditions. Through the characterization of the structure and combustion performance of the single-hole
propellant before and after denitration, it is further confirmed that the gradient nitrate single-hole propellant have a gradient distri-
bution of nitrate group concentration in the surface layer and at the edge of the hole, with excellent progressive burning perfor-
mance.

Key words: nitro gradiently distributed single-hole propellant;denitration rate;response surface methodology ; optimization
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