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Fig. 1

TG curves of some explosives and bonders at different heating rates
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Table 1 Calculated data of thermal decomposition Table 4 Calculated data of thermal decomposition
activation energy of HMX activation energy of PETN
T/K E/kJ - mol ™! T/K E/kJ » mol ™!
“ B= B= B= NL-INT  Ozawa's a B= B= B= NL-INT ~ Ozawa’s
5K-min™" 10 K+ min™" 20 K » min ™' method method 5K-min-' 10 K+ min-' 20 K - min ~ " method method
0.1 517.10 519.35 522.18 601.61 580.25 0.1 445 .26 453.28 461.67 137.02 137.30
0.2 517.35 519.72 522.32 617.71 595.78 0.2 450.56 459.07 468.08 131.29 131.93
0.3 517.61 519.76 522.47 630.15 607.41 0.3 454.76 463.27 471.29 141. 81 142.00
0.4 517.70 519.78 522.60 623.27  600.86 0.4  456.98 465.98 473.88 139.80  140.12
0.5 517.77 519.79 522.75 610.83 589.02 0.5 459.57 467.59 476.59 140. 65 140.98
0.6 517.86 519.96 522.90 605.29  583.76 0.6  462.28 470. 18 478.69 147.76  147.78
0.7 517.93 520.07 523.04 597.40 576.26 0.7 463.27 472.89 481.41 133.75 134. 46
0.8  518.10 520.12 523.21 594.39573.41 0.8  466.48 474.99 483.01 149.28  149.28
0.9 518.11 520.26 523.50 563.96  544.46 0.9  471.78 480.79 488.32 152.14  152.08
mean 604.96 583.47 mean 141.50 141.77
%2 HMX E PBX WA RS MEE LT E SR x5 F,ME&EFWASBRELETERE
Table 2 Calculated data of thermal decomposition Table 5 Calculated data of thermal decomposition
activation energy of HMX based PBX activation energy of F,,,
-1
T/K E/k]J « mol T/K E/KJ - mol -
a _ _ _ o
5K B _. -1 10 KB o -1 90 KB o . NL;]INJ Ozal\;lads « B= B= B= NL-INT Ozawa's
mmn mn mn metho metho 5K-min™" 10K+ min~" 20 K - min ™' method method
0.1 515.15 519.10 522.69 402.62 391.01 0.1 668, 81 630 11 69229 216.20 216. 11
0.2 515.57 519.76 523.08 403.27 391.62 0.2 676. 42 689 47 700.77 212. 60 212.79
0.3 315.68 >19.88 323.27 399.45 387.94 0.3 682.07 695.99 706.43 214.79 214.96
0.4 >15.78 520.00 523.44 396.07 384.77 0.4 685.77 699. 69 711 210.34 210.77
0.5 315.90 520.13 323.60 394.27 383.06 0.5 690. 34 703.6 713.82 228.79 228.41
0.6 316.00 320.26 323.78 390. 44 379.42 0.6 694.25 707.3 717.52 233.71 233.15
0.7 316.17 520.41 523.98 389.43 378.45 0.7 697.08 710.13 721.22 227.76 227.54
0.8 316.33 320.56 2415 389.26 378.31 0.8 700.77 713.82 724.05 238.07 237.39
0.9 516.49 520.70 524.60 376.23 365.91 mean 222 78 220 64
mean 393.45 382.28
3 TATB M 250055 B3 4L B+ 8 i F6 SD-IBFEFHHMSBTLEITERE
RELO W P o7 W7 BET o
! . Table 6 Calculated data of thermal decomposition
Table 3 Calculated data of thermal decomposition Lo
L activation energy of SD-33
activation energy of TATB
] T/K E/KJ + mol ™!
T/K E/kJ « mol ~
(04 ’
B= B= B= NL-INT Ozawa's
[0 - — - awa’'e
B= B= B= NL-INT  Ozawa's 5K-min™' 10K-min™' 20 K+ min~"  method  method
5K-min™" 10 K+ min~' 20 K - min ™' method method
0.2 681.57 696. 83 722.57 124.87 129.42
0.1 591.40 594.08 617.00 126.73 129.70
0.3 699.93 721.62 743.08 127.36 132.06
0.2 606. 00 608.79 633.00 125.90 129.17
0.4 716.38 735.92 756.43 144.16 148.29
0.3 613.50 618.00 642.50 125.80 129.18
0.5 725.67 745.22 764.53 152.55 156.43
0.4 619.20 624.70 649.70 124.34 127.88
0.6 735.92 752.37 773.83 160.35 164.00
0.5 623.79 629.50 655.60 120. 81 124.62
0.7 743.08 760. 48 782.17 158.73 162.58
0.6 628.29 634.29 660. 60 121.25 125.13
0.8 750.23 768.82 789.32 162.21 166.00
0.7 631.79 638.00 664. 60 121.05 124.94
mean 147.18 151.25
0.8 635.89 641.70 668. 40 122.75 126.62
0.9 640.50 646.10 673.20 123.05 127.01 \ N
4 T &
mean 123.52 127. 14

5 RERRL Y AR I3 Ak 15 AL RE — B BE R ML 2L



%55

TR ICAE Al A 45 e A AR I3 16 A AR 25 5 53 M o 1) L 581

AT A T LA, K 9 R 0 24 sl 485 70 B0 A T AL
AE FL A HE I 1) Fm #E — M B . HMX ORI HMX JE PBX
$E2j . TATB 1 PETN J£24 \F,,, F1 SD-33 Zi45 /1) E -«
KRS AL IE 2 3 FE 4, FWIEIEE E, 511
BT K, HLEKE 25 850 % SN TR BE o T A2 A, W]
TR (5) THEF G BT S R 25 bRt 22

Lo
E = 7ZE

P=1E, -E,l (5)

KA E B o BT ALAE kI - mol 7' B, R
BK AL BB AE, k) - mol ' KL, O B /N T A fiEH
kJ - mol "5 E R WLIEALAE M F-HIMH k) - mol "5 P Yy
2%,k - mol "5 S bRl k) - mol ', i NL-INT 3%
I Ozawa 355N FIAE S RIS AL RE ROV £ 22
P pRiEZE S ARG ALRERS M2 722 AE WK T,
MFET AL Xk DU ARk 254 b, 2090 F NL-INT 35 11
Ozawa #5158 HMX K 25 $8 73 fifk 115 16 RE Bl 50 TR B A8 1k
A 22 M 1 22 4 DA d5 K, U o033 HMX 3 PBXC

PETN F1 TATB }E2Yy, ;X 75— & R BE b Rl 1 4 25 #4493
fiff 3o R I TR B U8 SN AR B B HMIX KB 245 1) 4443 it S o
HRBR BB, FAR A E PR H 22 , 1T TATB #E2Y
PR R ik S5 7 SRR/ AR )  H ARG e PR o
Xof PR G 25 78 K i, 20 531 ] NL-INT 325 F1 Ozawa 325 1155
SD-33 i35 70 4 43 fife 1% Ak R Bl S iz TR B 78 Ak Y A 22 AN
PRUEZERILE Ty BHES )R, W] SD-33 45 751 £50 fifk S
N AR ARG Fop KA BT 2 8] 3 FHIE 4 kB,
SR NL-INT 31 Ozawa 5T S FIRE G A iR 05 1L fig
B JS2 107 TR F14 8 1 5 AR ity A0 A o T Y 2 0, T 3 A A
A KB 728 A i 3 — By, I Z A1
PSR [ 0 7 AR s AL RE 22 8. TP O vk 3t
S HMX I HMX 3 PBX 4 2 #7317 AL BE 1P S (E AR
EIEH, A 21.49 k] - mol ' F111.17 kJ - mol ', H:
A DURIRE 5t A 53 i 05 AL B8 1Y 7 BB A 22 80N, B/ T
5kJ - mol ™', VFEZEREM BRI HI L AR T AT L
FEET Arrhenius J7 72 1 45 2 P2 55 5 A0 309 ol AR 00 1%
RAZ S H B O AR A5 1Y & BE M RE R WL TR AL BE (R, (5.
& HAOCHF RS IEA FrR ATT

650 ] 1801 = TATB NL-INT method 3007~ Fasie NLAINT method
| e T J o TATB Ozawa's method —#— Fas14 Ozawa’s method
o001 T I AN 1;2 4~ PETN NL-INT method Zg ~4- SD-33 NL-INT method
_ i ~3 - 1 Y - v~ SD-33 Ozawa's method
o 550 = HMX NL-INT method - 501 v— PETN Ozawa'’s method - o 25 e
€ 500 —* HMX Ozawa's method £ £ ———
2 150 4~ HMX based PBX explosive NL-INT method 2 1404 ’—'/\ ./ 2 200
= 5 ¥ HMX based PBX explosive Ozawa's method & 1304 N o 175 .
407 e N 1201 B 150 / B
3501 1101 125 ==
10

0 01 02 03 04 Of 06 07 08 09 10
2 HMX 1 HMX % PBX #E25 (1
E -a KRN
Fig.2 E_-a curves of HMX and HMX based PBX

®T RAMAETEBLENTHERENITEE

100
0.0 01 0.2 0.3 04 05 06 07 08 09 1.0
o

& 3 TATB #l PETN %24 iy
E-a RAMK
Fig.3 E_-a curves of TATB and PETN

%0 01 02 03 o'.4aof5 06 07 08 09
4 F,,, 1 SD-33 FhiZs R
E -a XFRIMZE
Fig.4 E_-a curves of F,;, and SD-33

Table 7 Mean values,range deviations and standard deviations of activation energy calculated by two methods

NL-INT method

Ozawa's method

sample AE/k] » mol 7!
E/KJ + mol ! P/kJ + mol ! S/kJ + mol ! E/KJ + mol ! P/kJ + mol ™! S/kJ + mol !
HMX 604.96 66.19 18.34 583.47 62.95 17.46 21.49
HMX based PBX 393.45 27.04 7.91 382.28 25.71 7.52 11.17
TATB 123.52 5.92 2.14 127.14 5.08 1.85 3.62
PETN 141.50 20.85 6.68 141.77 20.15 6.43 0.27
Fasia 222.78 27.73 9.87 222.64 26.62 9.52 0.14
SD-33 147.18 37.34 14.45 151.25 36.58 14.09 4.07
5 & i VRJE o TR IR KO I 38 25 65 3 6 66 K0T AN, H

(1) da AR R A5 M 1 3 3 22 B T e, 24

S NL-INT 3 3R fifp 24 70 fifk Sz R0 2 LTS 16 B 1Y o 3
ij_:ito
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(2) FJ NL-INT 3318 3k 15 HMX  HMX 3t PBX
TATB PETN JEZ5H1 F,,,, .SD-33 i 45 7 (1) #4702 WL
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123.52 kJ » mol ' [141.50 kJ « mol ' 222.78 kJ + mol '
F1147.18 kJ - mol ™',
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FE PBX X 25 #0040 fift 1 Ak RE 1 7 M (B A 25 K, 400 o
21.49 kJ » mol "1 11.17 kJ » mol ™", J: 43 PO Fl kL i P
S8t T AL RE A S 2 (B AR 22 55/, 289/ F5 kD - mol T
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GAO Da-yuan, SHEN Chun-ying, HE Song-wei, ZHOU Jian-hua
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Abstract: The mathematics expression of apparent activation energy of thermal decomposition reaction calculated from integral

isoconversional non-linear( NL-INT) method was derived from the evaluation function when decomposition extent o was the same

value from non-isothermal decomposition kinetic equation.  The thermal decomposition apparent activation energy of HMX, HMX

based PBX,TATB,PETN explosives and F,;,, ,SD-33 bonders were calculated by NL-INT method based on the TG curves at heating

rates of 5,10 and 20 K - min "' respectively, and the results calculated by NL-INT method and Ozawa’s method were analyzed and

discussed. Results show that the method can conquer errors caused by approximation of temperature integral and choice of

mechanism function,and the apparent activation energy obtained were more nicety.

Key words: physical chemistry; explosive; thermal analysis; integral isoconversional non-linear method; apparent activation energy



