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Study on the Performance of HMX Based PBX Explosive under High Temperature Thermal Stimulation
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Abstract: In order to investigate the effect of high-temperature thermal stimulation on the performance of HMX based PBX
explosives, HMX-F2604 microspheres were prepared using HMX and fluororubber (F2604). The microspheres were placed in a
high-temperature oven and heated at 160 °C and 200 °C for 1, 4, 8, 12 h, respectively. The mass loss rate, morphology, flowability,
packing density, thermal performance, mechanical sensitivity and combustion performance of the microspheres before and after
high-temperature thermal stimulation were tested. The results show that there is no significant change in the various properties of
the sample heated at 160 °C for 1 ~ 12 h; At 200 °C, there is no significant change in the performance of the sample heated for 1 h;
The performance change of the sample heated for 4 h is relatively small; The performance of the samples heated for 8 ~ 12 h is
severely damaged.
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1.1 RFISNEE

KA eSS (HMX), HREDeik TAERG
BT FURHE (F2604); ZBRZMR (EA), AR 4%
Brali, ZERFFRHEABRAR; T bR R A
(SDBS), AR Z#rali, iz e b A IR H]
TR, LE AR

{3 WoRsst, Al T, LSPO1-1A,
P =A% E I S A B W WG B R K
HH-WO-5L, Fif—FHLEsABRA ] A A
ML, VOSHIN-650W, TCHIR(FIASARAR]; 2
AN, RS AR A E]; DR
s, BT A BR A ] 5 4 R i,
ZEISS Sigma 300, 7% Carl Zeiss AG /A ) ; R
AT 44, DHG-9035A,_Fiff—ERlA AT BR A A
1.2 XIeHEESE

K VBT AW 45 R AR A T — i
HMX-F2604 fiiEk. FREXZ 0.25 ¢ fliei Al
SN, R T EEGERHEARE N, 2 BITE 160 °CHI
200°C FhI#E 1, 4, 8, 12h, 155 8 FAEALL.
1.3 MXEFRIE

KL TR CRERE 0.000 0g ) AR 5
HMX-F2604 kit SR iy, R Bt

Tk AR 70 oL RYRIETE AR, Frimsisl
e, TR, EEMNA 4 WHOFEIE, 5351
S HDGA WA AN - R i PR S
HMX-F2604 fEREIZIAEIES . K2R3
R HRERT S HMX-F2604 ERIPWERE,
AR BRI FEREZN 1 mg; BN
THEHR M7 5, 10, 20°C/min, MHRIEE 7 50 ~
400 °C., #4ls GB/T 21567-2008 2 GB/T 21566-2008,
S3ARF BAM $3 BRI O BAM B SRR
IR HGRILRT S HMX-F2604 (ki d s Fi
JEERRREE , MNAARIE: R 20 ~ 25 °C; AHXHEEE
INT 40% o >R FH e R 52 L A0 5 BRI BT S
HMX-F2604 fOKAbEI R, HRa BN 50 mg.

2 #ER57He

2.1 AFIHKER

M AS [ AR AT 5 HMIX-F2604 fRkir) 5t
HERRER, R 1 PR, & 1, F—RE
T, BEE PRSI, FEah R RN 78
160 °CEAMF T, A 1 h AR ; in#k 4, 8, 12 h,
FERREREY N 1%, REAHDZ, 78 200°CHAF

T, A4 b JERERREARRT 1%, KREVE.

F1 TREIBEMARIMT HMX-F2604 IRk ER
Tab.l1 Weight loss of HMX-F2604 microspheres under
thermal stimulation at different temperatures

MOBEREEPC Aol /h Jsinziit/e  KEg  KESH/%

160 1 02699 0 0

160 4 02939  0.0009 031
160 8 02700  0.0019 0.70
160 12 03091  0.0028 091
200 1 02519  0.0013 0.52
200 4 02298  0.0036 1.57
200 8 02706  0.009 3 344
200 12 02114 00149 7.04

2.2 BeS5ER

HMX-F2604 WOk AT 5 2t e o an
1 R, ZEWIESER R 2 ~ 3 B, i 1 A,
PORISS , FESIT BT R R B A8 6 % e FNZh
B, 1£200°CFhn 4, 8, 12h )5, FESLBRILFRRE ™
&, 2 a0, 7E 160 °CAE T, M1 h s, %
BREMICH B3k, T4, 8, 12h )5, /D fHEkh
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1 HMX-F2604 ERFIHRTEE & THIER
Fig.1 Color changes of HMX-F2604 microspheres before and
after thermal stimulation

» (d) 160°C-8h (e) 160°-12h

B2 RFEEFHIET 160 CHREBEHMIKF R
Fig.2 Microsphere morphology after thermal stimulation at
160 °C under optical microscope

(e) 200°C-12h
E3 XFRMET 200°CHRFIH MR
Fig.3 Microsphere morphology after thermal stimulation at
200 °C under optical microscope

HMX-F2604 BRI AT 5 HOESH ) SEM K]
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B, FENEEZIRELG I R ARG R, LR
BHMZ . ERER.
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4 HMX-F2604 SERIARIHATEHY SEM
Fig4 SEMs of HMX-F2604 microspheres before and after
thermal stimulation

2.3 REUEFREE
KR L ARG HMX-F2604 13
BRIFIHCE, RIGZEN 0.2 g, Z5RNE S FR,

(b) 160°C-1h (c) 160°C-4h

(d) 160°C-8h (e) 160°C-12h (f) 200°C-1h

(g) 200°C4h (h) 200°C-8h (i) 200°C-12h

5 HMX-F2604 S BRI E RO AU HERR
Fig.5 Dispersion stacking diagram of HMX-F2604
microspheres before and after thermal stimulation

HIEL 5 AT UL, ARZd iR AR R LAy
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E PR RIEI, AEAARIEFRBERCE R, RIIRE
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ST IRRB R EE AR it B HERRE A Al s BRI, Rt
HARIEAEIIEA 1 h A4 h BIREAR AR/, FRACHEARLT
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Tab.2 HMX-F2604 microsphere loose density before and
after thermal stimulation

by

IKTHEEZ K 5, 10, 20 °C-min” i HMX-F2604 13
BRI )24 N8N 124280, I Ozawa i H:
PMBIEALRE E,, W3 3 Fn. MR 3 AT, $ufilig
JERESR I MRIETRTCI AR L, SAOMES ILRE KRR
%, PFaEPEREAL. 160 °CFANEY 12 h AT 200 °CF
T 4 b N, BRSO RS AL RERR 2 R
A AR, HAEE M ARAZ I AR, 200 °)CTH
IR 8 h DL, FESIHASMEE L RE R SEREAT, FRH

HPFENZBIIR
®3 BRANEFNHHFESH

Tab.3 Thermodynamic and kinetic parameters of the sample
e T,5°C  Tny°C  Tp°C  TwC E/kI'mol) R
TR 28022 284.50 28856 27444 42941 09996
160°C-1n 28045 284.58 28898  275.03 42041 09998

160°C4h  280.10 284.12 288.76 27495 413.19 0.998 6
160°C-8h  280.10 28427 288.89  274.69 407.48 0.999 4
160°C-12h  280.55 28435 289.18 27583 414.12 0.9959
200°C-1h  279.80  283.54 28845 27520 411.55 0.994 6

200°C-4h 28029 28396 28892  275.83 412.68 0.9933
200°C-8h  280.68 28539 29128 27479 338.73 0.996 6
200°C-12h  280.99  286.00 29138 27443 346.98 0.999 7

VE: 7},5 7},10 1},20 \5' j]ﬂ'/mli—? 5, 10, 20°C-min Bj‘#‘f’uﬂél'! \ﬁgr‘l’%zm
Tp()ﬁ* #“f /%ié’]’ﬁ‘uué’j \M‘aﬂlu

2.5 HWEE

HMX-F2604 fisk 0T = 9 AR DL 3R
4 o W4 ATHL, PO HMX-F2604 oK
JEREEI] TR, O E TR A A P > k2
W5 RTE UG , X EEBRFAAE S R S S TR,
s RIS T RE SRR RS fLRE, (A
MG, SETT S ERRRE . PR HMX-
F2604 THERIEEAIEE s AN

F 4 HMX-F2604 TEERFARIBIAEI S R E
Tab.4 HMX-F2604 microsphere loose density before and
after thermal stimulation

Fbh J /) FERIE /N
TeAIR 11 216
160°C-1h 7 192
160°C-4h 4 192
160°C-8h 4 192
160°C-12h 6 216
200°C-1h 4 216
200°C-4h 4 240
200°C-8h 2 240
200°C-12h 3 216

SRR, £ ] J\% iﬁfﬂ%"? f&ﬁl‘%‘")ﬁ{i@@

mi(g-em™) pl(g-em™) pl(g-em™)

0.0279 0.398 571

. 0.028 1 0.401 429

il

JCRRIH 02780 0397 143 0397857

02760 0.394 286

0.0258 0.368 571

5 0.026 5 0378 571
160°C-1h 0.0257 0.367 143 0.374 643

0.0269 0.384 286

0.0257 0367 143

5 0.026 0 0.371 429
160°C4h 00240 034 857 0362 500

0.0258 0368 571

0.0247 0.352 857

) 0.0254 0362 857
160°C-8h 0025 1 0358 571 0.358 929

0.0253 0361 429

0.024 8 0.354 286

! 0.0254 0.362 857
160°C-12h 0005 1 0358 571 0.358 571

0.025 1 0.358 571

0.025 1 0.358 571

5 0.026 0 0371 429
200°C-1h 00237 0338 571 0.355 000

0.024 6 0.351 429

0.0220 0.314 286

5 0.0243 0.347 143
200°C-4h 0.024 0 0.342 857 0339643

0.024 8 0.354 286

0.0224 0.320 000

5 0.0216 0308 571
200°C-8h 0022 1 0315 714 0315714

0.0223 0318571

0.0207 0295714
200°C-12h 00213 0.304 286 0300 357

0.0215 0307 143

0.020 6 0.294 286
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TR SR K F LG PERE AV B B IEZ —,

2.6 BRIGMERE
PUHREHTS HMX-F2604 (HORIAGEI A0 i i 2
RN 6 s
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(i) 200°C-12h
6 HMX-F2604 R EREA R A SRR T 12
Fig.6 Combustion process of HMX-F2604 microspheres
before and after thermal stimulation
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