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Table 1 Thermal-chemical parameters of PBX components

component p/kg-m™ C/)(kg:K)"  k/W-(m-K)T" Q/])-kg” z /s E /)-mol™
HMX [10712] 1905 1004.62 0.456 5.615%10° 1.5984x10' 1.4322%10°
TATB 10 12713 1930 1088.33 0.536 2.94%10° 4.356x10" 1.4196%10°
Estane 5703 141¢] 1197 1155 0.02 -3.98x10° 7.896%x10" 1.6118%10°
BDNPA/F 5717 1411 1315 0.325 2.825x10° 2.1464x10" 1.6383%10°
Kel-F 800 112 1] 2020 1000.43 0.0527 -5.871x10* 9.9349x10" 2.7233x%10°
fluoropolymer 1871 1941 1000.41 0.053 -5.263x10" 2.692x10% 2.9476%10°
wax 19201 915 2190.00 0.21 2.2x10° 1.91x10'" 9.2397x10*
As-Gr 114710 6000 330.00 50.2 6.0x10° 1.5x10" 5.0x10°
Al6601-T6 '* 2700 896 167 / / /

stee] 114! 8030 1611.0 51.0 / / /

Note: p is density, C, is specific heat; kis thermal conductivity; Q is decomposition heat per unit mass; Z, is pre-exponential factor and E, is activation energy.

2 PBX-9501 H1PBX-9502 18 % i 5 11 B A1 A5 40061 L 22 %k

Table 2 PBX model parameters for slow-cook off simulations

charge r p/kg-m™ C, /) (kg-K)"" k/W-(m-K)™ Q/)-kg™! z /s E,/)-mol™
PBX-9501 0.98 1842 1016.14 0.4260 5.334%10° 8.858x10" 1.441%x10°
PBX-9502 0.98 1896 1083.94 0.5026 2.793%10° 4.967x10'° 1.467%10°

PBX-4 0.98 1852 1022.07 0.5886 5.178x%10° 7.268x10'® 1.468%10°

Note: ris compactness (actual density to theoretical maximum density).
CHINESE JOURNAL OF ENERGETIC MATERIALS & Be A A XXXX 5 % XX & FXXH (1-9)
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Table 3 JWL model parameters of PBX products

charge Cy, /) (kg-K)™ A/ GPa B/ GPa R, R, o E,/ GPa
PBX-9501 4! 1000 852.4 18.02 4.55 1.3 0.38 10.2
PBX-9502 "4 1000 460.3 9.544 4.0 1.7 0.48 7.07
PBX-4 1000 652.7 9.678 4.3 1.1 0.35 9.8

Note: C, s gas specific heat; A, B, R, R, and w are JWL model constants and E is detonation energy density.
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Fig.1 Diagrams of the SITI simulations and experiments for PBX-9501 and PBX-9502
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b. experimental setup
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Fig.2 Diagrams of the slow cook-off simulations and experiments for PBX-4

1—Ilower clamp plate,2—support washer,3—housing shell,4—PBX-4,5—upper clamp plate,6—drilled bolt,7—top cover,8—bolt
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Table 4 Ignition time and blast temperature of each sample
charge
timeto  ignition explode
charge ignition  temperature temperature
/s /K /K
simulation 5493 459 3328
PBX-9501
experiment'?+ %1 5685 443 2364-2853
simulation 2372 546 3502
PBX-9502
experiment 2251 2244 540 1887-2477
650
600- 1
550- 4

temperature / K
S
=

2 o experiment™
300 —— simulation 1
250 T r r T ;
0 500 1000 1500 2000 2500 3000
time /s
b. PBX-9502

Fig.3 Experimental and simulation temperature vs. time curves measured at the PBX sample center
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a. pressure distribution of the PBX-9501 shell
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b. pressure distribution of the PBX-9502 shell

Fig.4 Simulation results of the shell fracture of PBX-9501 and PBX-9502 after ignition
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experiment No. p/kg-m™ explode temperature / K

time to explode / s

overpressure / kPa TNT equivalent/g  reaction type

1 1846 539 5040
2 1842 534 5160
3 1.851 526 5120
4 1.843 515 5160
5 1.845 527 4860

20.7 26 deflagration
17.8 19 deflagration
21.1 27 deflagration
24.9 38 explosion

21.6 29 deflagration

temperature / K
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a. temperature distribution of the product
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b. pressure distribution of the shell

Fig.5 Simulation results of the product temperature distribution and shell fracture of PBX-4 after ignition

Bl6 A5 i ml i T R i R

Fig.6 Recovered shells and samples after explode reaction

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-9)

Sttt

www.energetic-materials.org.cn



PBX ¥ 25 #i 43 fif 2 B T A L A g 5 6

7

S LR RIEAR—B ddenl WL, AR50 S Y
RN 7 1 5 BRI R R R AT EE R

3 & it

B E E R DY 0 R S 50 1) 30(E LRI 9 AE Y R
A ARG TT R T EE T I O 0 2 WM AR Y PBX 18 45
S pd BRI ST, 0048 S B T N B 2 2 1 3R T A
A7 R TN, [v) B e e 2 25 )y 3508 A K I B T R A
SRR THBET PBX B BR K AR R R T i R 2y
PRI BRI T

(O FEC AL 5y 2 80, 38 o i 2 <7 16 5 68 & <F
fH 45 T PBX I AR % 5 S H ¥ Arrhenius JE
2 52 N7 T 3 bR B0 AT I Bl 28 i G BOE X A
G153 T Arrhenius £ 20 A9 PBX 28 {4 Ak 27 [ N T R A5
RIS R iz B RS BT R & Sofk A6 00 1 PBXAR &
o 3 [ AUAFAE AT 28 5 B8O0E 8 A 6 R A A SO v;
B2 B, N H LB T PBX A M R e A PEAL IR AL T
A PEHE SR

(2) 1 FH L4 45 2 (1 PBX #& 1A #hfb 2 2 80, w] L
AR PBX A2 1% THE L 72, =l PBX 1Bl 45 K Bf
] 5 L 5212 0 S5 25 SR W A, AR AL K TR
564 ~619 K, 555545 MR 25 /N T 5.7 % ; 1 5L 560 &
FEM AT 1) PBX $ Ak 2 2 4™ B O T 92 96 R3S s
G SRR,

(3) 254 N =4 IR 75 7 72, T LA S0 0L PB X
1205 2 i KOS B K R A e T Al R R R
TR AR AE KT B AR R R AT A I A, =
PBX A4 FE 400K 4 IR B R 3328~3502 K, 5 4 56 4% I 7
R —.

SE Xk
[1] MCGUIRE R, TARVER C M. Chemical-decomposition models
for the thermal explosion of confined HMX, TATB, RDX and
TNT Explosives[R]. Processing of 7th Symposium (Internation-
al) on Detonation UCRL-84986, 1981.
[2] NICHOLS A L. Cook-off
multi-component cast explosives[ R]. Proceeding of 20th Bien-

Improved modeling  of
nial Conference of the APS Topical Group on Shock Compres-
sion of Condensed Matter LLNL-CONF-737694, 2017.

[3] BRM, TKE BRI . RDXXE 2405 52 90 K B EL AL ]. 5 RE#E
kE, 2004, 12(4): 193-198.
FENG Chang-gen, ZHANG Rui, CHEN Lang. Hot baking ex-
periment and numerical simulation of RDX explosive[J]. Chi-
nese Journal of Energetic materials( Hanneng Cailiao) , 2004,
12(4):193-198.

(4] BRI, Edii, B ICH . % JBAH S A KF 25 0 S RO E AT D) ). &
REAFEL, 2009, 17(5): 568-573.

CHINESE JOURNAL OF ENERGETIC MATERIALS

CHEN Lang, WANG Pei, FENG Chang-gen. Numerical simu-
lation of explosive burning considering phase change [J]. Chi-
nese Journal of Energetic Materials(Hanneng Cailiao) , 2009,
17(5): 568=573.

[5]) WRfh4:, ssrd, fh e, 45 . 3 T ABAQUS 11 PBX A 245 #5 A1

BBUET R KHKEZE2A4E, 2014, 37(2): 31-36.
CHEN Ke-quan, HUANG Heng-jian, LU Zhong-hua, et al.
Numerical calculation of PBX explosive cutoff test based on
ABAQUS [J]. Chinese Journal of Explosives & Propellants,
2014, 37(2): 31-36.

(6] W . SBdx: 25k R g v 22 8 fh o R 3l Jy W5 (D).
[ T 4 L 5 e A 118 3C, 2016,

PU Han-tao. Study on multi-step chemical reaction kinetics in
Typical explosive Burning Test [D]. Master Thesis of China
Academy of Engineering Physics, 2016.

(7] Xok, 2RI, AR, 2 . 535 BE R 45 700 PBX K 2465 I8 4 1 ) %

AR S LRI )] S & TR, 2022, 43(8):
7-12.
DENG Hai, LI Gang, REN Xin-lian, et al. Numerical simula-
tion and experimental study on slow cook-off characteristics of
energetic binder PBX explosive []]. Journal of Ordnance Equip-
ment Engineering, 2022, 43(8): 7-12.

(8] FABH, Jefi¥, fFimzs . MRS e A BTt ()], & fE
B, 2010, 18(1): 115-120.

ZHOU Yang, LONG Xin-ping, SHU Yuan-jie. Review on Ho-
mopolymer of Energetic Binders[J]. Chinese Journal of Energet-
ic Materials( Hanneng Cailiao), 2010, 18(1): 115-120.

[9] LEEEL, TARVER C M. Phenomenological model of shock initi-
ation in heterogeneous explosives[]]. Physics of Fluids, 1980,
23(12): 2362-2372.

[10] GIBBS T R, POPOLATO A. LASL Explosive property data [M].
University of California Press, 1980.

[11] Bk, BRI HMX IR IR & F 25 0 S8 e 1 e 22 20 B R 53 1) ).
S TR, 2015, 36(Suppl. 1): 334-342.
MA Xin,CHEN Lang. Calculation of burning characteristics and
multi-step thermal reaction of HMX-based mixed explosive[]].
Ordnance Engineering journal, 2015, 36(Suppl.1): 334-342.

(12] Sk, BRI, B, 55 HMX IR AF T HMX/TATB 2R 4 4F
LIS RO LD ] B S ehidy, 2014, 34(7): 67-74.
MA Xin, CHEN Lang, LU Feng, et al. Calculation of
multi-step thermal decomposition reaction of HMX/TATB
based mixed explosive under HMX burning condition [J]. Ex-
plosion and Shock, 2014, 34(1): 67-74.

[13] FAN, H, LONG Y, DING L, et al. A theoretical study of elas-
tic anisotropy and thermal conductivity for TATB under pres-
sure [J]. Computational Materials Science, 2017, 131:
321-332.

[14] EFR2T, W, WA, % .4 oo/ s 1R 2 50T
[M]. BLAE Tl R, 2019.
XIN Chun-liang, XUE Zai-qing, TU Jian, et al. Parameter Man-
ual of commonly used materials for Finite Element Analysis
[M]. China Machine Press, 2019.

[15] skA I, [ Ah K KR 245 J50R PR BE T 0F [M ] SR 488 Tkt A
1991.
ZHANG Xing-fen, Foreign explosive Material Properties Manu-
al [M]. Ordnance Industry Press, 1991.

[16] EDGAR A, YANG J, CHAVEZ M, et al. Physical characteriza-
tion of Bis(2, 2-dinitropropyl) acetal and Bis (2, 2-dinitropro-

N XK XXXX & XX & & XX# (1-9)



8 R BN AR, ke, BT 8L R B

pyl) formal[)]. Journal of Energetic Materials, 2020, 38(4) : acterization of paraffins versus temperature for thermal energy
483-503. storagel)]. Buildings. 2023, 13(4): 877.

[17] TARVER C M, TRAN T D. Thermal decomposition models for [21] Department of Defense. MIL-STD-1751 (USAF) : Safety and
HMX-based plastic bonded explosives [J]. Combustion and performance tests for Qualification of explosives[S], Washing-
Flame, 2004, 137: 50-62. ton DC: Military Standard, 1982.

(18] miRTT, I, A f, &5 . FASUK F2314 B 4550 A I3 i 3l ) [22] POPOLATO A, RUMINER J J, VIGIL A S. Thermal response of
200 ok KEZG2#4%, 2006, 29(5): 29-31. explosives subjected to external heating [R]. Los Alamos Na-
GAO Da-yuan, HE Bi, HE Song-wei, et al. Thermal Decom- tional Lab., 1979.
position Kinetics of F2314 Bonder[]]. Chinese Journal of Explo- [23] HOBBS M L, KANESHIGE M J, ERIKSON W W. Modeling the
sives & Propellants, 2006, 29(5): 29-31. measured effect of a nitroplasticizer (BDNPA/F) on cookoff of

[19] s, T, X, 4. 2,6- 5 3-3,5- il ELnk nE -1 -2 1k a plastic bonded explosive (PBX 9501) [J]. Combustion and
B PBX MY B % A R B 5T (U] KOME 25 5 4R, 2020, 43(2) Flame, 2016, 173: 132-150.

173-179. [24] HOBBS M L, KANESHIGE M J. Ignition experiments and mod-

HE Zhi-wei, WANG Yang, LIU Feng, et al. Thermal Safety of els of a plastic bonded explosive (PBX 9502) [J]. Journal of

2, 6-Diamino-3, 5-dinitropyridine-1-oxide Based PBX [J]. Chi- Chemical Physics, 2014, 140: 124203.

nese Journal of Explosives & Propellants, 2020, 43 (2) : [25] DOBRATZ B M, LLNL Explosives Handbook: Properties of

173-179. Chemical Explosives and Explosive Simulants[M]. University
[20] KRAIEM M, KARKRI M, FOIS M, et al. Thermophysical char- of California Press, 1985.

Development and Application of a Prediction Model for Thermal Decomposition Parameters of PBX
Explosives

CAO Luo-xia', WANG Hao', ZHOU Tian-yu’, HUANG Qian’, LV Zi-jain', ZHOU Yang'
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China; 2. School of Advanced Manufacturing Engineering
Chongqing University of Posts and Telecommunications, Chongging 400065, China)

Abstract: To overcome the limitations of conventional cook-off models in full-chain prediction of explosive formulations and
charge behaviors while eliminating post-ignition temperature field singularities, a multi-component parameter fitting model was
systematically applied to investigate the thermal decomposition response and cook-off characteristics of polymer-bonded explo-
sives (PBX-9501, PBX-9502, and novel PBX-4). A component parameter-driven full-process simulation framework was estab-
lished through coupled multi-physics modeling integrating Arrhenius reaction kinetics with the JWL product gas equation of
state, enabling numerical characterization from initial thermal decomposition to final casing rupture. Validation results demon-
strated that ignition time prediction errors for PBX-9501 and PBX-9502 were 3.4% and 5.7% respectively compared with experi-
mental data. Ignition time deviation for PBX-4 prediction reached 2.3% against validation experiments. Dynamic regulation of
product gas parameters stabilized explosion temperatures within 3328-3502 K, effectively resolving temperature singularity is-
sues inherent in traditional solid-phase cook-off models.
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A fitting model to predict PBX thermochemical parameters from its compoents is raised in this work, achieving the goal of PBX
density and macroscopic thermochemical parameters forecast by given formula. By coupling Arrhenius reaction rate equation
and product gas equation of state, the full process simulation of explosive from heating to ignition, reaction product expansion
and tearing of the shell during the cook-off process is realized. The work provides a valuable research idea to estimate the
thermal performance of PBX through its components, which is important for PBX formula design related to thermal safety
concerns. Moreover, computational difficulties of temperature singularity and post-ignition process related to gas products

expansion in cook-off simulations are solved by the model.
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