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ABSTRACT: In order to study the interaction between cyclotetramethyltetramethylnitramine (HMX) and 2,4, 6-trinitrotoluene
(TNT), 2, 4-dinitroanisole (DNAN), 3, 4-dinitrofurazan oxyfurazan (DNTF) with low melting point and high volatile energetic

R EH: 2022-02-11; &ITHH: 2022-02-28

Received: 2022-02-11; Revised: 2022-02-28

EERN: HTH (1997—), B, MEHR AL, TRHRT @AM SIS KIE,

Biography: HUANG Ke-qi (1997—), Male, Postgraduate, Research focus: analysis and characterization of energetic materials.

BIfLEE: KRR (1960—), B, W, #&k, TEAR ST OARFRBAR, RER B HF . HEHRT,

Corresponding author: ZHANG Tong-lai (1960—), Male, Doctor, Professor. Research focus: chemical energy technology, rapid reaction ki-
netics, explosive design.

IR F T, F 84, LR3%, F.HMX 5008 &8RS a) 2 R AT L[)]. R &L LA, 2022, 19(3): 017-025.
HUANG Ke-qi, WEI Zheng-he, XIA Liang-hong, et al. Thermal Stability of Mixtures of HMX and Low Melting Point Energetic Materials[J].
Equipment Environmental Engineering, 2022, 19(3): 017-025.



- 18 -

2022 43 A

materials. The compatibility and thermal stability of mixed explosive were studied by DPTA and DSC. The result is DPTA
study showed that HMX was compatible with TNT/DNAN/DNTF, and the order of thermal stability was HMX/DNTF>HMX/
TNT>HMX/ DNAN, HMX interact with TNT and DNAN to a certain extent, which makes the mixture of HMX, TNT and
DNAN become less stable. DSC method of sealed crucible showed that the order of thermal stability was DNTF<TNT<DNAN
according to decomposition peak temperature. The order of thermal stability is HMX/TNT<HMX/DNAN<HMX/DNTF, which
is consistent with the result of DPTA determination method. HMX has good compatibility with DNTF, but HMX becomes in-

compatible with TNT and DNAN under high temperature and pressure.In conclusion, HMX/DNTF has good thermal stability

and good compatibility in high temperature and high pressure environment. When the main charge of fusion casting-based ex-
plosive is HMX, DNTF is more suitable to be used as melting material. HMX/TNT and HMX/DNAN have good thermal stabil-

ity and compatibility at 100 ‘C, but poor compatibility at high temperature and high pressure.
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DNTF elemental and their mixtures
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Tab.2 Non-isothermal kinetic parameters of low melting point energetic materials and HMX elemental and its mixture
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Tab.3 Isothermal kinetic parameters of low melting point energetic materials and HMX and its mixture
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RIWFE 5. X 2 PRI TN A R EUR T 1Y
DSC i1 £k 19 555 — 43 firk s A e e 3 SR R AT 3 B Y
Kissinger % Fll Ozawa 35 {115 77 72 UL =(8) F1(9)

HERHRHR &1 (2 i PR 223
In B/T, = InAR/Ex+Ex/RT, (8)
1gf = 1g4Eo/G(a)R—0.456TEo/RT,~2.315 9)

Kr: T, BE— R TR B, K B
NEMETHRHE A, K/min; G(a) I8l 124 R4k, 4
ERETN T, s Ex & Kissinger 32 P8R 20 IE
fLRE, kl/mol; Eo FH Ozawa JEI1E M FMIGILEE,
kJ/mol,
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Tab.5 Non-isothermal kinetic calculation of HMX and mixed samples

WA T 38 12 /K

F i 5 C/min 10 ‘C/min 15 ‘C/min 20 C/min E/(il-mol™) ledx Ry Eo/(kJ-mol™) Ro
HMX 545.05 550.85 558.65 563.15 178.0 14.88 —0.9811 178.0 —0.9829
TNT 566.25 582.75 585.75 614.85 69.35 3.82 —0.8932 75.30 —0.9155
DNAN 628.95 636.75 638.05 654.15 162.9 11.25 —0.8779 165.0 —0.8903
DNTF 558.95 567.35 576.95 580.05 158.1 12.49 —0.9891 159.2 —0.9903
HMX/TNT 512.35 543.25 554.25 561.05 56.56 3.081 —0.9816 62.24 —0.9859
HMX/DNAN 531.85 542.45 552.55 559.15 113.2 8.746 —0.9924 116.3 —0.9935
HMX/DNTF 544.75 548.05 558.75 563.75 153.0 3.566 —0.9384 154.6 —0.9447
N T HWE Y S HMX BOAHZEE, DIOHREER sk R, WO HMX /Y 55 ff B R 43 A i UL L

} 5 °C /min B I (EL IR B 3 TR A RE 5 4l HMX Y I
Mz 2, SR IFEHISLRER A% . G ILREAE (LR
Fe R (10) P,
AE |E -E,
E | B

ﬁ*:%?ﬁ%@%%ﬁﬁ?ﬁ%%%%%ﬁ%
1

RERYERE R B W B R R ARG ALBE, J/mol;
E, IR AR B RIIELRE, J/mol,
XFFE R R IR, ARSCHERE T HMX 1R 5

x100% (10)

TNT/DNAN/DNTF {8 o 3-fiff Jis 3 170 figp et A1, 152
P LT (1 A2 T M 22, R ) 1 A o P 5
Ko UL Ozawa JETHRE AT I RIS (b RE TS (EAE Ry
AR FLIGLRE . RIS GIB 772A—971%, HH%%
PEHEAREI R . AT, <2.0 °C, AE/E,<20%, MI%
PR, 190 AT,<2.0 'C, AE/E>20%, ALY,
2%; AT,>2.0 'C, AE/E,<20%, MIZMERZ, 3 %;
AT,>2.0 'C, AE/E>20%5X AT,>5 C, M2, 4
o RMIEALRE . FWLIE AL REZL Ak 73 BORUAR 28 1 4 7
Z5RNE 6,

®6 HMX 5REWHERES
Tab.6 Compatibility analysis of HMX with mixtures

RS W Y /K AT/K Eo/(kJ-mol™) PTG L RE AR L 550/ % FRZHEH
HMX 545.05 178.01
HMX/TNT 512.35 32.70 62.24 65.0 FHA M2
HMX/DNAN 531.85 13.20 116.32 34.7 THA 2
HMX/DNTF 544.75 0.30 154.61 13.1 AH M At

WAL AT AT, TR B A | BT IR
B, 4 HMX S50 S SRR it tkhy 111
fif, HMX 5 TNT. DNAN A%, 5 DNTF A%,
TNT X} HMX B9 ff e 2] 1 ZU b e, B R
X7 HMX - ffid B2 TG fLBE . DNTF AU A FFAIG
HMX K5I RIG AR RE,, SO R T HMX 15
R EACRE, &H] T EIfE/ER . DNTF {15 HMX 4
fif SRR R IEALREFRAR T 1.9%, JCHIGIRHEAT T
13.2 °C, o HMX By #FE s m /N, 2 2

RN, HEREd A HMX i, DNTF ¥
BB R I B S 24 1) o B AR

R 5 0 fif e ik A0 W7 11 L 5 A AR 22 E R DR A
DNTF<TNT<DNAN . & & ¥ 09 # % & $E W7 A
HMX/TNT<HMX/DNAN<HMX/DNTF ., i%X fil DPTA
TR ZE R —2, WUl T DPTA MA4E Rl 5
i, DSC MR & s, HMX/DNTF 78 5 iR Rk
M2, {H HMX/TNT . HMX/DNAN & 47255 R FH %S
X2 R R YR IR B I T o e e AR R, BT
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HMX 5 TNT. DNAN Z a8 i EAER .

3 #it

ASCEZEFH DPTA F AR A 55 40 % £ H 3y
DSC J5 40T T HMX 51006 55 5 BB A RHP) 55T LA K
AR 1 1 ARG PRI ErE .
ZEVER AT FEALEL,  HOER T HAAE S P A 2 Y
FEXHRIE LS R AT T 9081 o A SCHIWF IR 45 58 vl M o5
HAEZy (HMX M %2y ) B ek R e e e s
Ferl, WA HMX 5ARMGE S S Rep R A5
AT A e AR R R, D FLAE AR 7 | AR RS
o Ao R T A it D ) A B LA I P SRR

1) DPTA W5 45 R £ W, HMX 5 TNT/
DNAN/DNTF $IAH%, ARHE sSRRE BT 9 B0 22 5 1 I
J¥>& DNAN>TNT>DNTF ., JRA WL & T
HMX/DNTF>HMX/DNAN>HMX/TNT, HMX 5 TNT.
DNAN HA—EmMHE/EH, fiff HMX 5 TNT,
DNAN RAYIMMZMAE2 . TNT/DNAN/DNTF 5
HMX IRG G, LB L T s,

2 VF A 8540 %% B R A DSC LR T 25 SR R 1,
PAJT 2 2 M A DNTF<TNT<DNAN, B4Y
B H 2 5E PE LR 3 HMX/TNT<HMX/DNAN<HMX/
DNTF, iX il DPTA 25 R —% . HMX 5 DNTF
HA RIS, fE SRS EREE T , HMX 5 TNT,
DNAN A, IRA G RERH 2 hE 5 .

3) Iy A WA SR HMX 5 TNT/
DNAN/DNTF 2 i IR A AR & 7 Be AR 2
PERAH A YER — 2 m, AR AR R 250 T A%
[ £ A A v L e PR ERBE T T R AR AN A2, (R
M7 Bz g PR . HMX/DNTE 78 DPTA #l DSC 3%
2 R A B B L B LT HMX/TNT
HMX/DNAN,
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