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Table 1

The crystallographic parameters of ONPP

parameters values values in Ref [15]
empirical formula C,N,,O,, C,N,,O,,
formula weight 496.18 496.18
temperature/ K 293 298

crystal system monoclinic monoclinic
space group P2,/c P2./c

a/A 9.6848(19) 9.6672(6)
b/A 9.6570(19) 9.6302(5)
c/A 9.0734(18) 9.0564(6)
a/(°) 90.0 90.0

B/I(°) 101.74(3) 101.776(3)
y/(°) 90.0 90.0
volume/A’ 830.9(3) 825.38(9)
V4 2 2
calculated density/ g-cm™  1.983 1.997
F(000) 496.0 496.0

R(reflections)

wR?(reflections)

0.0451(1102)
0.1736(1321)

0.0381(1719)
0.1077(2027)

-

s

a. the crystal structure

E1 fk&% ONPP

c¢. Hirshfeld surface

Fig.1 The compound ONPP
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Fig.2 TG-DSC curves of ONPP
11.47% , T 2 4> 53 ik B B = A6 [ AR i 3t — 25
O3 il o B b FR B R R 91.78% , 43 il B R IS
Khaja M 25135 8 19 ONPP 19 43 it i 4 160 °C , {H
MASCHRL 15 1T #2459 ONPP 19 DSC i1 4 40 BT , Hod 1R
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24 BEEMESN

16 I NASA-CEA T 70 B & Rl i e S 3R T 0
(HTPB) (/7 b 10%) ALKy (5 L 20%) Fl 4 Ak 551 (5 L
70% ) WL 75 1 22 (1~ 5741 4804k 570 S 34 4, 6~ 8741 %8
PR A B — B4 ) AT RE AN 5 R R 2 R . MR
B0 Ry B — B 43 B, ONPP Ty (sample 5%) Y EL oA 2%
B wh 435 254.61 s F11 4656.00 N-s-kg, fE & /K F
P& T AP it 5 (sample 7%) LA K ADN [ic J5 (sample
8") . ¥ ONPP 5 AP 1R S AL S B 1T, & 3t 5,
HAZEERC H S ONPP(E HE 40%) AP HE30%) AICH
b 20%) FITHTPB( 5 EL 10% ) , He B iR 5 e b2 551 4y
264.01 s f14804.61 N-s-kg(sample 3*), i 3& & T fib
AT by B — S AR R B 14 B R /K- o

R 2 ONPP [ e 5 /Y By 1 58
Table 2

formulations

The performance of ONPP-based solid propellant

ONPP AP ADN 1 P 1
samples s o !

/ % / % / % /s /g-cm™ /N-s-kg
1" 30 40 - 263.59 1.854 4789.22
2* 35 35 - 263.91 1.855 4797.62
3* 40 30 - 264.01 1.857 4804.61
4% 50 20 - 263.25 1.860 4798.52
5* 60 10 - 259.98 1.863 4746.56
6" 70 - - 254.61 1.866 4656.00
7* - 70 - 260.03 1.845 4701.60
8" - - 70 272.31 1.756 4686.13

Note: [ is specific impulse. p is formula density. 1 is density specific im-

pulse.
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AT ONPP. %08 & B 2k b, ONPP |y 2L &
W 31 %, B T2 (W0 e 10.4%) , Hilt
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(2) 3 3o 95 T4 K 745 3 ONPP By 5L iy, HL L G i
SPE5 R ONPP Y fh A SR 3R L P2,/ 25 A BE L FE
293 Kl T AR N 1.983 g-cm™, ik % S5
$7:a=9.6848(19)A,b=9.6570(19)A,c=9.0734(18)A,
a=90°,8=101.74°(3) ,y=90°, V=830.9(3)A’,

(3) & if Bl 7 fig it B e 1F 5, 72 HTPB (/5 Lk
10%) AL 20% ) A4 AR (i b 70% ) 9 BE 5
1 ONPP 5 AP A 2 &4k %) & Be 4 A L 24 ONPP il AP
53 55 T 40% Fi 30% B, I 7 fig & K P (1=
264.01 s,1,=4804.61 N-s-kg) ikl fefE .
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Synthesis and Performance of High-Energy Oxidizer ONPP

YAN Chao, SUN Rui, ZHU Jin-li, REN Xiao-ting, LU Yan-hua, HE Jin-xuan
(Science and Technology on Aerospace Chemical Power Laboratory , Hubei Institute of Aerospace Chemical Technology, Xiangyang 441003, China)

Abstract: For the problems of low nitrification yield and the use of highly toxic substances in the synthesis of high-energy oxidant
1,4-bis(trinitromethyl)-3, 6-dinitropyrazole[ 4, 3-c]pyrazole (ONPP), a new synthetic process of ONPP was developed. The sin-
gle crystal of ONPP was cultivated by slow evaporation from an ethyl acetate solution. The energy levels of different formulations
based on ONPP were estimated. In the presence of base and phase transfer catalyst Bu,NBr(TBAB), 3, 6-dinitropyrazole[4,3-c]
pyrazole (DNPP) reacted with bromoacetone to introduce two acetone groups on pyrazole ring. Followed by nitrating with
HNO,/H,SO,/P,O,, ONPP was obtained in the total yield of 31%. Compared with the literature (10.4% total yield from two
steps), the yield of new synthetic route from DNPP increase by nearly three times. Meanwhile the use of highly toxic butenone is
avoided, which is more suitable for large-scale production. The crystal structure of ONPP belongs to the monoclinic crystal sys-
tem, P2,/c space group. lts crystal density is 1.983 g cm™ at 293 K. Through the energy estimation of HTPB (10%), Al (20%)
and oxidizer (70%) formulations, the energy level is optimal when ONPP (40%) and AP (30%) are used together as oxidizers,
which is significantly higher than the formulation energy levels when they used as single oxidant.

Key words: energetic oxidizers; 1, 4-bis (trinitromethyl)-3, 6-dinitropyrazole[ 4, 3-c]pyrazole (ONPP) ; 3, 6-dinitropyrazole[4,
3-c] pyrazole (DNPP);crystal structure; synthetic process
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