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[ ABSTRACT] In order to reduce the sensitivity of pentaerythritol tetranitrate (PETN) , a binary mixed system of 2, 4-
MDNI/PETN was prepared with 1-methyl-2, 4-dinitrimidazole (2, 4-MDNI). Melting process of 2, 4-MDNI/PETN with
different proportions was studied by DSC. T-x phase diagram of 2, 4-MDNIL/PETN binary mixture system was established
and the eutectic composition was obtained. Decomposition process of 2, 4-MDNI/PETN eutectic at different heating rates
was studied, and the kinetic parameters of thermal decomposition were calculated. Solidification properties of 2, 4-MDNI/
PETN eutectic were studied by volume shrinkage and solidification surface morphology. Mechanical sensitivities of 2, 4-
MDNI, PETN, and 2, 4-MDNI/PETN eutectic were measured, and the detonation parameters of 2, 4-MDNL/PETN eutec-
tic were calculated. Results show that n(2, 4-MDNI) : n(PETN) is 71 : 29, and the average melting temperature is
116.9 C. The average thermal decomposition reaction temperature is 207.5 °C, and the activation energy of thermal de-
composition reaction is 167.05 kJ/mol. Volume shrinkage is 14.4% , impact sensitivity is 32% , and friction sensitivity is
0. Enthalpy of formation is —37. 1 kJ/mol, theoretical density is 1. 732 g/cm’, calculated detonation velocity is 8 031
m/s, and detonation pressure is 27.89 GPa. In a word, the addition of 2, 4-MDNI can significantly reduce the sensitivity
of PETN, and maintain a high energy level.

[KEYWORDS] energetic eutectic; 2, 4-MDNI; PETN; thermal analysis; performance analysis

* s B #5:2021-09-06
E£ITH :NSFC21875061
F—1EE AR BRE(1997 - ) 5B BB R A, FEMNESREM RN S . E-mail ; junwuzhu@ 126. com
BEEE XEF(1961 - ) B 882 S, TENFERLEYITIT ., E-mail:lyc2ct@ vip. sina. com



- 10 - OBk # M

51 EFE1M

Z5 8 Y 5 DU A R s ( PETN, K %8) S s )™
RS IREEKEZS , BA FOF M iR hbe e Mg 45
i, PETN SRS 1.778 g/cm’® 15 45.142.9 °C
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Fig. 1 DSC curves of melting process of 2,4-MDNI/PETN

binary mixed system with different molar ratios of components

%1 FRFE A 2,4-MDNI/PETN = LitA1k &
ta @it A2 DSC 4 AR S 4%
DSC characteristic data of melting process of

Tab. 1
2,4-MDNI/PETN binary mixtures with different ratios

J¥ m(2,4-MDNI) : n (2,4-MDND) e 1o 7/
0 e 1

% m(PETN) n (PETN)

1* 0:10 0:100 142.2

2* 1:9 17 : 83 110.7 115.0 132.3
3* 2:8 31 : 69 110.4 115.4 126.3
4* 3:7 44 : 56 111.8 116.3 122.7
5* 4:6 55 : 45 113.0 117.7 115.0
6" 5:5 65 : 35 114.6 118.8 114.6
7* 6:4 73 :27 113.4 117.7 113.8
8* 7:3 81:19 113.0 117.3 122.3
9* 8:2 88 : 12 112.5 116.9 128.4
10* 9:1 94 :6 112.6 117.6 135.7
11* 10:0 100 : 0 144.8
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Fig.2 T-x phase diagram of 2 ,4-MDNI/PETN binary

mixed system
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Fig.3 DSC curves of decomposition process of 2,4-MDNI, PETN and 2,4-MDNI/PETN eutectic at different heating rates

%2 2,4-MDNI.PETN % 2,4-MDNI/PETN {& 3t ¥a 4y 4 3 o 1830 ) 52 54
Tab.2 Thermal decomposition kinetic parameters of 2,4-MDNI, PETN and 2 ,4-MDNI/PETN eutectic

v E/ (kJ - mol™") . AG”/ AH”/ AS™/
= N 5 .. Y A/s -1 -1 -1 -1
F-W-0 7%  Doyle ¥ Kissinger 1 (kJ +mol™") (kJ +mol™") (J+mol™ - K™)
2,4-MDNI 144. 45 151.96 141.34 1.49 x 10" 169. 85 140. 58 -45.58
PETN 151.53 159.41 151.46 2.76 x 10" 122.53 150. 14 57.54
2,4-MDNI/PETN
’ 164. 02 172.55 164.58 7.44 x 10" 122.23 163.05 85.94
T3 )

(a)2,4-MDNI

(b)PETN

(¢)2,4-MDNI/PETN Aty 4

K4 2,4-MDNI PETN }% 2,4-MDNI/PETN {X 306 97 (1) FL B3 R
Fig.4 SEM photos of 2, 4-MDNI, PETN and 2, 4-MDNI/PETN eutectic
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TS o3 A0 WAIOK RF BRI ik, ToR ik
pE R A RTATN (e S R S e g =i5] 2 = 1
2.4 XRD 4%
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Fig.5 XRD patterns of 2, 4-MDNI, PETN and
2, 4-MDNI/PETN eutectic
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R s 4 04 B
Tab.3 Sensitivity of 2,4-MDNI, PETN and
2, 4-MDNI/PETN eutectic %
FEfh P, b,
2 ,4-MDNI 0 0
PETN 100 100
2,4-MDNI/PETN {344 32 0

4y 948 Gaussian 09 , GEXPLO-5 %k {411 &
PETN 2,4-MDNI }% 2 ,4-MDNL/PETN {52924 48
LB IR S WG R B R RE
Fas e 4, 24 v, AH ERIE p WS,
T, AIERILEE s T, AT IR D Rt s p 4
Fe. 5 H T S5 K25 80K A8 L, 2, 4-MDNI/
PETN 34 9 1) % 5 | BE i /K 7 56 05 T AR Ak 48
E KA, AT HE—25 40 R PETN ()15 FH 4538,

3 it

1) M4 IR AR R T-x HHE, 155 2,4-MD-
NI/PETN L4585 2,4-MDNI 5 PETN 9 EE/R Lt
71129, 2,4-MDNI/PETN 1% 3445 4 57 2 5 il iR
JE116.9 C PRI IREE 207.5 C,

2) i 11 Flynn-Wall-Ozawa % | Doyle % F1 Kissin-
gerik | 15 22 4-MDNI/PETN {6 £t 45 ¥y i $443
i 52 1 AL BEE, M 167.05 kJ/mol 8 R T A K

# 4 2,4-MDNI PETN % 2 ,4-MDNI/PETN &3t 45 4 5 5 Tt 45 34k 09 M Ak A2k
Tab.4 Performance parameters of 2, 4-MDNI, PETN, 2 ,4-MDNI/PETN eutectic and common casting supports

=S AH/ (K] =mol™) p/(g+em™®) T./C T,/C D/(m-s") p/GPa

PETN!! -550.00 1.778 141.0 206.7 8 600 35.00
2,4-MDNI"™ 173.50 1.694 144.0 369.0 7 866 28.00
2,4-MDN/PETN {3E454) -37.10 1.732 116.9 207.5 8 031 27.89
TNT"! -55.50 1. 640 80.8 266.5 6 940 19.00

DNAN'’ - 184.00 1. 540 9.6 351.7 5974 9.50
MTNP!®! 4.53 1.810 91.5 248.0 8 650 33.70
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