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Study on Pyrolysis Characteristics and Kinetics of Main Charge of Combustion Tear Gas Bomb
ZHAI Hao-long, CUI Xiao-ping
(Equipment Management and Guarantee Institute, Engineering University of Armed

Police Force of China, Xi'an, 710086)

Abstract: In order to study the pyrolysis characteristics and related kinetic parameters of the main charge of a combustion
tear gas bomb, the pyrolysis characteristics of the main charge of a combustion tear gas bomb were studied by means of
thermogravimetry differential scanning calorimetry (TG-DSC). Starink method and Flynn-Wall-Ozawa method were used to
calculate the kinetic parameters of each stage, and the reaction kinetic parameters at different heating rates were determined. The
most likely reaction model of each stage was predicted by calculating and comparing the correlation coefficients of linear fitting of
reaction mechanism functions by Coasts-Redfern method. The research shows that the reactions in each stage of the pyrolysis
process of the main charge of tear gas bomb accord with the nucleation model and the reaction order model respectively. The
reaction models corresponding to the first to fourth stages of pyrolysis are A3, F2, F3 and F1 respectively. This model lays a
certain theoretical foundation for further exploring the pyrolysis mechanism of this kind of main charge of tear gas bomb and
further studying the improved formula.

Key words: Tear bomb; Combustion type; Main charge; Pyrolysis characteristics; Dynamics

IAGETUEA S o AR B iR P B 5, A A FARAOARNS . Bk K ERPIEAERRE
B, HAANMEER, EP RS L h s I R LARGTRE ), R, fESibrfl i 7R
HHEAVERIL 122y FELUREEN T, B P, AEEE RGBT AR Y )
BAESRR N ARIECR R 2GR TR, FFHE TR i, i TR o i T R S 2O R A i,

isHER: 2022-02-25
1EHN: Al (1989-) , W, HLarsed, FEMFAERamR A EREMh S EARM S
BIEE: RS (1975-) , @, #F2, FENEISmRAS S TEREM RIT o




2022 4 10 A Kk T

P AETE R RASOR AR . HAl, TR
HHB PRI 5T 3 B BRI 7 A e L S 3 Tt
L PERE T A, F AT s AE UL A R R
(OC) E ARG AT B I% IS T2 25 W 7 LA,
FEXFIZ A TH 55 3225 24 Y BRBUR (0 A A5OR T 5 L J%
JELLEME . WIRESE SR T T IR, 25 RERY,
PRIRA RS T RESECE ] 5 i T AE02EISE
FHEVH 5 T2 24 RO R B i SR S R R S —
i ( CS ) WM EREEA T THF9E, FHRAH TGA/DSC
W5E T CS TEARI TR AR ™ A R B AR,
MG, Z5E MR ML AN SR G AR T4
B, BT B CS B SR AFAE—E R R,
FH4EH CS NIFEAKELRL 450°C RS H (A

IR SCER I R B AR PR 5 F2 e 2 1Y
PR RE X 8h 1A S HUR TS, oRBEXT A G RE
SRCEESR TS LI TR A A RS .
I, FRIGERRbER i TH 5 2R 2 i RE AN Bl ) o
SRR, W TR 3R 2 R T A
5, dEmHRT T S AEER AR AR A
o ASCHR RGOSR AU TH 33 32k 245 1)
PRPEFFRAFE VA TR ST, B8 AR FHE R T b,
ISR, FF TR 1T, AT Rt AR
R LA, T s i MME G RS, s 322
IR RSB R A ZE I EAR S
1 SLIGJRMRIAINEE
1.1 SKIEMR
DLEECEFFORLREE R OC fiTH 3 3255 24 Ry 526
B, FLARANZR | Pos. SCIHT, K NAGHRR
BWSACRES, FHlnt 405U 705 4, B OHER
AR BN SRR S 5 TS ARE— ot it
ITRA 25T 40°CIAFL s T R e
1.2 KU

HS-STA-002 [Al2E443 AT ( REUE 0.01mg ), |
MR SE R A R A FA ™ TR (BSA224S
-CW), TEEFEZFI SR RGEA R A R4 F6e

= He

i 67
BOE B2 THRAS (DHG-9140), iR

HA
1 ORPARE OC R ERZANAR (W)
Tab.1 Composition of main charge of a combustion OC tear
gas bomb
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Fig.1 TG-DSC-DTG curve of main charge mixture at

different heating rates
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Tab.2 Starting and ending temperatures and corresponding
characteristic values of each stage of main charge mixture

pleC Bret 1 BrEs 2
‘min’) To Tr Tr M, To Tr Tr M,
rC__PC I,C % rC__PC FC 2
5 160 172 212 7.5 213 261 291 21.5
10 163 180 220 83% 221 269 298 25.4%
15 168 184 229 13.6% 230 280 313 28.4%
20 171 187 242 152% 243 286 326 34.7%
pleC BBt 3 HrEz 4
“min’) To Tp Tr My To Tp Tr M
rC__PC FC /% rC__PCIC /%
5 292 332 404 11.2 405 442 479 17.40

10 299 333 409 11.4 410 453 484 20.19
15 314 334 417 11.7 418 477 530 21.04
20 327 335 436 12.8 437 483 541 21.60
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Tab.3 17 common thermal decomposition reaction models of

solid substances
SRR 8(@) ) fRR
Power Law o 1 P1
Power Law al’? 202 P2
Power Law al® 30?3 P3
Power Law ol 404 P4
Power Law a¥? 2/30! P2/3
Avrami-Erofeev [-In(1-a)]"2 2(1-a) (-In(1-a))'? A2
Avrami-Erofeev [-In(1-a)]"? 3(1-a) (-In(1-a))*? A3
Avrami-Erofeev [-In(1-e)]" 4(1-0a) (-In(1-a))** A4
One-Dimensional a? 1/2a D1
Two-Dimensional (1-a)In(1-a)+ a [-In(1-a)]! D2
Three- Dimensional [1-(1-a)"?]? 32(1-0P[1-(1-0)"?] D3
Ginstling-Brounshtein 1-Qa/3)- (1-0? 32[(1-a) B=1]" G-B
First Order -In(1-a) l-a F1
Second Order (1-a)'-1 (1-a)? F2
Third Order [(1-a)2-1)2 (1-a)? F3
Contracting area 1-(1-a)'? 2(1-0)'? c2
Contracting volume 1-(1-a)' 3(1-a)? 3
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Fig.2 Activation energy curve of each stage of pyrolysis of
main charge mixture calculated based on Starink method
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Tab.4 Activation energy parameter of each stage of pyrolysis
of main charge mixture calculated based on Starink method

[{1¥E E.J(kJ-mol™) R?

1 156.06 0.990 3
2 121.30 0.980 8
3 137.69 0.970 1
4 12231 0.956 2
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Fig.3 Activation energy curve of each stage of pyrolysis of
main charge mixture obtained based on Flynn-Wall-Ozawa

method
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Tab.5 Activation energy parameters of each stage of
pyrolysis of main charge mixture obtained based on
Flynn-Wall-Ozawa method
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ek Bl p BAS B EAS

mot?) mot?) mot?) mot?)
01 18006 0969 1296 099% 1592 0967 1245  0H47
02 16628 0984 1245 0989 1528 0978 1297 0955
03 15186 0981 1233 0988 1555 0%M9 1386 0973
04 14270 0973 1241 0993 1472 098 1374 0967
05 13844 0979 126 0978 1303 0963 1317 0976
06 13604 0971 1223 0988 1291 0944 1266 0954
0.7 14587 0956 1205 0977 1245 0967 1234 05
08 13582 0978 1192 095 1237 0964 1127 0978
09 17006 0964 1212 0957 1348 0966 1076  0%M45
A 15190 1230 1396 1258
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Fig4 Fitting curve of possible reaction mechanism model of main
charge mixture obtained based on Coasts-Redfern method
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Tab.6 The correlation coefficients of the possible reaction
mechanism model of the main charge obtained based on the

Coasts-Redfern method
[ Brix 1 B 2 BB 3 B 4
P1 0.956 3 0.920 1 0.9325 0.959 9
P2 0.964 2 0.901 7 0.894 3 0.970 6
P3 0.932 2 0.881 2 0.8219 0.954 9
P4 0.950 9 0.892 8 0.739 4 0.939 4
P2/3 0.971 8 0.928 1 0.940 1 0.970 3
A2 0.981 2 0.968 9 0.970 3 0.993 1
A3 0.988 9 0.975 8 0.946 7 0.983 7
A4 0.972 1 0.980 1 0.923 3 0.983 9
D1 0.9599 0.9189 0.944 7 0.977 9
D2 0.975 6 0.932 4 0.967 9 0.984 5
D3 0.974 6 0.9559 0.965 5 0.990 7
G-B 0.9813 0.961 0 0.956 7 0.9853
F1 0.985 6 0.979 6 0.972 7 0.992 3
F2 0.976 5 0.9913 0.986 2 0.981 9
F3 0.944 3 0.980 6 0.986 9 0.953 2
R2 0.969 4 0.946 9 0.9537 0.986 3
R3 0.981 5 0.967 5 0.964 2 0.989 7

Mz 6 AILUAH, Faeiiiviid feas i BUA
{19 S 70 A B IS RIS I SRR, AR Uy
A3, F2. F3 fIF1,

3 45

T XA TH 5 S e 2 TR A 2R A T AR
38T, DLRNB 177 B X i AR A T A
RHESET

(1) HiZZEAIMEE R 2 3% TG-DTG Hh
AT, HPR R 250 4 DB BRBESU
Br. BB, OC TR B B L) Sl A LAl
OC PRI BL o Ak, XTHEAS BB b & B, Bl
THRBRIG R, AW B RR V] RN, HRER
MG ; XFHRH A, R THEESE R, &
I

(2) T Starink ¥:F1 Flynn-Wall-Ozawa 7224351
SRASMETH S R 2R A 2502 W Be s fb g, 2 Flor
IR RBEA S ZKIR S IR TR 1 BB
SERE R . HUORSS 3 BB, 26 4 BrBofiss 2
BB, X RAIESATESS 1 BBV S R SRS A &b
HEATER 2 BB S, (HURAESE 2 BB SO 4 R
DLA KR A 3 BB R, TTES 3 BB s



2022 4 10 A Kk T

71

SEUE AT H KM AR 4 BB SN o

KA, 1 Flynn-Wall-Ozawa RIS HITR A 257145
WrBam AL RE-NZE IR, PRI RIS 1 BB, &
3 WYBCRNES 4 BB R R 2 0 BN, ik A
fR IR EE RIEA B0 TR IR SRS 2 BB,
o> 03 B, PO fFT R E RO B ROV

(3)3:T Coasts-Redfern E= T & B B p] E
(R S NEASRY SR TR A SR AL iR AR MU
MIAHDCREL, RIS A5 B BOR A 1 U3 A6
TR S AR, PREE 1 2 4 BB HixT
NRIRVARRIN A3 F2. F3 FI F1, iZBA SR ARE
SEAM TG FEREAIARALEL, (R R, AT
T EREZR A 2RI BRI 20k

S :

(1] GRS =2 H AR A RE T A 0] S oA,
2017,38(1):59-63.

[21  HWSSE, EAn . FE A SMiETH 5k J R S R (0] A A
J,2014(35):33-34.

[3] Az, il FRIEI B A A FES i AR /ARG R
ST 42 1545,2015(3):24-27.

[4] A0SR =22 S A R A A T[] K
St , 2015,40(9):65-67,76.

[S]  HEBEAE, Sk O Mt ARG ST S AT SRS ] K
#514,2018,47(2):47-53.

[6] Hosseini S G, Pourmortazavi S M, Hajimirsadeghi S S.
Thermal decomposition of pyrotechnic mixtures containing
sucrose with either potassium chlorate or potassium perchlorate

[J]. Combustion and Flame, 2005, 141(3): 322-326.

[15]

Eslami A, Hosseini S G, Pourmortazavi S M. Thermo
-analytical investigation on some boronfuelled binary pyrote-
chnic systems[J]. Fuel, 2008, 87(15-16): 3 339-3 343.

Tabacof A, Calado V M A. Thermogravimetric analysis and
differential scanning calorimetry for investigating the stability
of yellow smoke powders[J]. Journal of Thermal Analysis and
Calorimetry, 2017, 128(1): 387-398.

Eslami A, Hosseini S G. Improving safety performance of
lactose-fueled binary pyrotechnic systems of smoke dyes[J].
Joumal of Thermal Analysis and Calorimetry,2011,104(2):
671-678.

FLLHE FRL TR L AR 9] B RH, 2017,
38(4):29-34.

FELHE A BTG R, 55— RO AR I PERERITSEL].
LAk, 2013(1):36-38,

e FHL AR PR, 2 7 ARG PR — I A M RERIFSY
[J].Bi%2#41,2016, 037(01):23-30.

Haolong Z, Xiaoping C. Thermal behavior test and characteri-
zation of a capsicum oleoresin (OC) composite material used
for burning tear bomb[C]//Journal of Physics:Conference
Series. IOP Publishing, 2021.

Zhang X, Ziemer K S, Weeks B L. Combustion synthesis of
N-doped three-dimensional graphene networks using graphene
oxide-nitrocellulose composites[J].Advanced Composites and
Hybrid Materials, 2019, 2(3): 492-500.

Pouretedal H R, Loh Mousavi S. Study of the ratio of fuel to
oxidant on the kinetic of ignition reaction of Mg/Ba(NOs), and
Mg/St(NOs)
technique[J].Journal of Thermal Analysis and Calorimetry,

pyrotechnics by non-isothermal TG/DSC

2018,132(2): 1 307-1 315.



	1  实验原材料和仪器
	2  结果与分析
	3  结论

