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2.3 ZIitiE
2.3.1 4-CDNP &K

3 g(0.03 mol)4-CP 43t A 25 mL 98% He i iR
ol H S iR s 5 50 mL AR IR R 2% 18 i i ALY 1 R
W RN SE RS A TR 100 °CL R 5 h 45 1k R
R HIFN SR W5 BN TR A 200 mL B K R, 1 K 4 R
e B L ETTEE g BT DR S 2 AR, &
FERIE A A HU 1, S8 05 FH I R E 45, A6 KT 98%
(B ROBAHEE ) , 77 % 65. 1%, m.p.156 ~158 °C, IR
(KBr,»/cm™ ) 1533.1,1420. 8,1326. 7 (C—NO, ),
684.6(C—Cl) ,"HNMR (CDCl, ) : 16.2(1H),”C NMR
(CDCl,): 102.9(C,),147.5(C,,C.), JoE 4 #r
(C,HN,O,Cl, %) : SZifE,C 18.67,H 0.49,N 29.04,
O 33.44,C1 18.36; #Mip{E,C 18.71,H 0.53,N 29.11,
0 33.24,Cl 18.41,
2.3.2 DNPN M& R

# 3.8 g(0.02 mol)4-CDNP il A 30mL 48k
VAR E T = HOf P, K 3.4 g(0.02 mol) i FRE i T
10 mLZERK P RS BIA = i, #E 40 ~50 °CJ
T ho U8 KR UBIR ] STk A2 B, 15 e B A, 2l K T
96% (EAEARAIE) , ;7% 35.6% , m.p.120 ~122 °C,
IR(KBr,»/cm™ ) 1535.3,1422.4,1324.7 (C—NO, ),
1613. 4 (O—NO,).,'H NMR (CDCl,): 16. 1 (1H),
"C NMR(CDCl,): 103.1(C,),147.8(C,,C,) ., TLE4
Hr(C,HN.O, ,% ) : Szill{E,C 16.38,H 0.49,N 31.98,
O 51.15; #ipfE,C 16.45,H 0.46,N 31.97,0 51.12,
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Fig.1 Effect of V(nitric acid) : V(sulfuric acid) on yield of
4-CDNP
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Fig.2 Effect of reaction temperature on yield of 4-CDNP
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Fig.3 Curve of electrical conductivity of reaction sys-

tem vs reaction time

F1 AFRB T 4-CONP 5 IR 8 52 T A7 It 7 B[]
Table 1 The time to reaction balance with different concen-
tration of AgNO, and 4-CDNP

[4-CDNP]/mol - L' [AgNO, ]/ mol - L™ time/min
0.01 0.005 122
0.01 0.01 57
0.01 0.02 29
0.005 0.01 121
0.02 0.01 30
0.005 0.005 237
0.02 0.02 17
Cl NO,
| |
ON | v | v
H H
4-CDNP DNPN
Scheme 2 Reaction mechanism of nucleophilic substitution
reaction
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P/NT 0, 5 S, BB DNPN | B A & A 2
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Table 2 The detonation parameters of different explosive

sample OB Q/k) - kg™ D/km -s'  p/GPa
DNPN 0.037 5965.4 8.78 35.12
RDX -0.216 6285.9 8.81 34.5

HMX -0.216 5227.5 8.88 36.27
TNT -0.740 5439.2 6.86 16.87

Note: OB is oxygen balance, Q is explosion heat, D is detonation velocity, p

is detonation pressure.

4 & @

(1) Rh 4-Gntk ms Ay Ak, 28 0 i A T 12 s £ T 45
4-54-3,5- A LM | I 28 5 A% IO R N A5 31 SR DL SC
R4 B R Be AL S ) DNPN =25k 23.2% ,
HEEMEREL T TNT,

(2) Ak T il Ak 5B 45 - il 4 TR R AR AR LE
114, RBRE 100 °C, RN R 5 h 7EIL A& 4F T, A
B R =R Lk ] 65.1% o

(3) 1R AR XF 4-%-3,5- Ay S me ms | 4000 Bt
SN AL AL T 057 A SR AZ U R ML, 410 S Ar
HLEE,

SE I

(1] drombk, 2=k, MR, 5. SR EUAR IR )], SRk
Kk, 2013, 21(2) . 157-165.
CAO Duan-lin, LI Ya-jin,DU Yao, et al. Review on carriers for
melt-cast explosives[ ) ]. Chinese Journal of Energetic Materials
(Hanneng Cailiao) , 2013, 21(2): 157-165.

MR¥y, &FimA, WRuEiR, &, SR s it el ]. S aeht
KE, 2013, 21(1): 108-115.
CHEN Ling, SHU Yuan-jie, XU Rui-juan, et al. Review on ener-

[2

[

getic eutectic [J]. Chinese Journal of Energetic Materials ( Han-

neng Cailiao) , 2013, 21(1): 108-115.

R, IR, EAAE, S E SRS WS R N B

[)]. &GE#ERE, 2013, 21(1): 19-25.

Ll Ya-nan, CHANG Hai-bo, WANG Bo-zhou, et al. Synthesis

and reaction mechanism of 1,2,3-triazine compound [J]. Chi-

nese Journal of Energetic Materials ( Hanneng Cailiao), 2013,

21(1): 19-25.

(4] MENE, w7, 280E, 5. JLMRIAE &Rk G0 & i AT
o KB REMERE MG ()], KIEZEHR, 2014, 37(3): 6-11.
LIN Zhi-hui, GAO Li, LI Min-xia, et al. Synthesis, thermal be-
havior and prediction of theoretical detonation performance for

—
w
[

some energetic compounds derived from furazan [J]. Chinese
Journal of Explosives and Propellants, 2014, 37(3): 6-11.

At

www. energetic-materials. org. cn



B REAL S 3,5 - i A ath k-4 - AR T 1 5 AR S R AE

63

[5] @200, B, xIHsE, 4.

3,6-AKHE-1,2,4,5-0 % A 5
DR B9 5 IR B M RE Al ()], kMR 2524, 2014, 37(2): 18-
22.

JIN Xing-hui, HU Bing-cheng, LIU Zu-liang, et al. Systhesis and
property prediction of 3,6-diguanidine -1,2,4,5-tetrazine dini-
troguanidinate Salt [ J]. Chinese Journal of Explosives and Pro-

(1]

2014, 37(4) . 50-53.

A, EIRAR, AR, . 1-TIE-3 45l a1 A R
HRIED]. KIELi%HR, 2013, 36(3) : 28-30.

Ll Ya-jin, CAO Duan-lin, LI Yong-xiang, et al. Synthesis and
characterization of 1-methyl-3,4,5- trinitropyrazole[ J]. Chinese
Journal of Explosives and Propellants, 2013, 36(3) : 28-30.

pellants, 2014, 37(2): 18-22. [12] Ravi P, Gore GM, Sikder AK, et al. Thermal decomposition ki-
[6] HB, 22410, 3, 4- 4 L s A i S ARSI 3h h 27 [)]. fb2e netics of 1-methyl-3, 4, 5-trinitropyrazole [ J ].  Thermochimica

WIE 5 R, 2013, 25(2): 18-22. Acta, 2012, 528 53-57.

TIAN Xin, LI Jin-shan. Thermal decomposition and non-isother- [13] Dalinger IL, Vatsadze IA, Shkineva TK, et al. Hydrogen halides

mal kinetics of 3,4-dinitropyrazole [J]. Chemical Research and as nucleophilic agents for 3,4, 5-trinitro-1H-pyrazoles[ J]. Men-

Application, 2013, 25(2) . 18-22. deleev Communications, 2012, 22 . 43 -44.

[7] BRkER, B35, B—my ) 45 3 4 4Lk ms 59 07 o M H 5 Rk [14] Ravi P, Tewari S P. Facile and environmentally friendly synthesis
YEG ULy A ()] . &R L, 2013, 21(3) . 297-300. of nitropyrazoles using montmorillonite K-10 impregnated with
JIANG Qiu-li, WANG Hao, LUO Yi-ming, et al. Thermal be- bismuth nitrate[ ) ]. Catalysis Communications, 2012, 19. 37 -
haviors of 3, 4-dinitrophyrazole and its compatibility with some 41.
explosive component materials[ J]. Chinese Journal of Energetic [15] Kletskii M E, Burov O N, Dalinger | L, et al. The mechanisms of
Materials ( Hanneng Cailiao) , 2013, 21(3): 297-300. nucleophilic substitution in 1-methyl-3, 4, 5-trinitropyrazole[ J ].

[8] WATENL, 22, WM, 4. WILM K5 ieib & W & Wt o5 o Computational and Theoretical Chemistry, 2014, 1033 . 31-42.
[J]. AHLIL A, 2014, 34 304-315. [16] H&RWE, FHF, @oh, 5. 20000 DY fg AR TR S H 45 4 A L)
ZHAO Ting-xing, LI Lei, DONG Zhan, et al. Research progress M R A B AL B g B IF S [ )], & REM KL, 2013, 21
on the synthesis of energetic nitroazoles[ J]. Chinese Journal of (5):570-577.

Organic Chemistry, 2013, 21(3): 297-300. YANG Jun-qing, WANG Gui-xiang, GAO Pin, et al. Theoretical

(9] s, Y. S R adtr)]. kKEg¥ study on detonation performances and pyrolysis mechanism of
ik, 2014, 37(1): 1-11. pentaerythritol tetranitrate and its analogue compounds [J]. Chi-
LIANG Li-xuan, ZHOU Zhi-ming. Progress of study on insensi- nese Journal of Energetic Materials ( Hanneng Cailiao) , 2013,
tive high energetic ionic salt[)J]. Chinese Journal of Explosives 21(5): 570-577.
and Propellants, 2014, 37(1): 1-11. [17] R/, T3, Ta&E, 5.01,2,3,4-T DU AERER 4 0 %

(10 BeEms, RATMS, &8, 4.

= T =

e A BE AL & 1) TNBIW i Ay B
WA KHEZy2E4R, 2014, 37(4) : 50-53.

LIAN Peng, LAl Wei-peng, GE Zhong-xue, et al. Theoretical
calculation on performance of high energetic density compound

TNBIW [ J]. Chinese Journal of Explosives and Propellants,

fEFIPEREL)]. & REROEL, 2014, 22(4) ; 458-461.

SONG Xiao-lan, WANG Yi, WANG Jing-yu, et al. Synthesis,
characterization of 1,2,3, 4-erythrityl tetranitrate [ J]. Chinese
Journal of Energetic Materials ( Hanneng Cailiao), 2014, 22
(4). 458-461.

Synthesis and Characterization of 3 ,5-Dinitropyrazole-4-nitrate

FENG Xiao-qin, CUI Jian-lan, CAO Duan-lin, LI Yong-xiang, WANG Jian-long
( College of Chemical Engineering and Environment, North University of China, Taiyuan 030051, China)

Abstract. A novel energetic material, 3,5-dinitropyrazole-4-nitrate(DNPN), was synthesized via nitration and nucleophilic substi-
tution reaction using 4-chloropyrazole as raw material, and its structure was characterized by FTIR, NMR and elemental analysis.
The detonation performances of DNPN were calculated. The effects of sulfonitric acid composition and temperature on nitration
was investigated, and the optimal condition was obtained as: V(98% nitric acid) : V(98% sulfuric acid) =1 : 4, the reaction
temperature 100 °C, and the reaction time 5 h, with yield of 65.1% . 4-Chloro-3,5-dinitropyrazole with silver nitrate reacts fast,
and the yield can reach up t0 35.6% at 40 °C for 1 h. The detonation velocity and detonation pressure of DNPN is 8.78 km - s™'
and 35.12 GPa, respectively, which is better than of TNT.
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