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Fig.1 TG-DTG curves of poly 5-vinyltetrazole at heating rate
of 10 K - min ™'
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Fig.2 TG curves for poly 5-vinyltetrazole at different heating rates
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Fig.3 DTG curves for poly 5-vinyltetrazole at different heating rates
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A, B M FHEHA R K - min ™' T, O #U R IGIE K
A RIEHTF, 55 R AR E,) - mol ™' - K™ F
HFWMIE AR, - mol ™', FIH Kissinger 3%l Ozawa
R AT I3 gt 5200 3 ) 2 2 B0 WL AL RE RN 45 i IR T
T2,

MFE 2 ZEERATH, B Kissinger J7 b8 19 36 WL i%
i€ 293.75 kJ - mol "' Fi i Ozawa J7 3% 1155 i 2
WAk fE 288.13 k)« mol AR AT, B MM R 8L
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Table 1 Parameters obtained from DTG curves at different

heating rates

/jK‘mm_w T,/K TJ/K  T/K Te/K T,/K T,/K
5 481.10 490.80 574.47
10 490.61 496.84 579.52 466.83 480.48 542.47
15 499.78 508.75 581.46
20 502.71 512.72 586.51

Note: T, is temperature of departure the baseline; T, is onset temperature; T, is

peak temperature.

®2 WM EITERS IS

Table 2 Kinetic parameter calculated from two methods
Kissinger mothed Ozawa mothed
sample E, 4 0 E
| /s n Iy
/kJ - mol 7! BA/ST) T /kJ - mol ™! /k) + mol 7!
poly S-vinyltet-yg; 75 2594 0.991 288.13  0.997 290.94

razole

Note: E,, E, represents active energy obtained by kissinger and ozawa mothed

respectively.
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Table 3 Thermodynamics results from TG-DTG curves

In[G(a)/T*] =In[ (AR/BE,)(1 =2(RT/E,)] =E,/RT (7)
K, Glo) ARG BERIHL I R 0 S RN BE 3 T Ny

; T,/ K B R] € A & X6 I R K
point B B R R $6 IR 011,12 ] i 41 FoHLI o 805 R A 21
1 0.05 509.094 512.564 521.146 524.131 FREA) - (7)#HA7TE L 14 5 B SR HL B R 2L
2 0.10 516.277 519.914 528.859 532.209 G(a) =[ _|n(1 —Ot>1”3i+:%;ﬁﬁ?§f§u% E\A\éﬁ‘ﬁﬁ:ﬁéé
3 0.15 521.760 525.661 534.223 537.870 o o
4 0.20  526.469 530.568 538.286 542.375 A r AR bs -2 07 22 Q 51 T3k 4.
5 0.25 530.486 534.958 541.979 546.227
6 0.30 534.122 538.950 545.481 549.630 S4B 570 DU S L I B ) B R 2
7 0.35 537.400 542.543 548.550 552.628
8 0.40 540,495 545,827 551,260 555. 245 Table 4 Kinetic parameters of thermal decomposition reaction
9 0.45 543.383 548.756 553.609 557.779 for poly 5-vinyltetrazole
10 0.50 546.145 551.800 555.864 560. 190 P :
11 0.55 548.870 554.863 558.054 562.502 methods  G(a) K - min-! /?<J-mo| o1 lgA/s™r Q
12 0.60 551.639 557.969 560.150 564. 869 odmay [ a7 s 9978 8 0597 0.1
13 0.65 554.417 561.117 562.073 567.305 integral
g 10 304.28 2742 0.995 0.1287
14 0.70 557.317 564.436 564.102 569.871
15 0.75 560.410 567.986 566.189 572.632 15 297.31 2687 0.912 0.0628
16 0.80 563.819 571.908 568. 455 575.743 20 303.28 Z.23  0.9908 0.0194
17 085 567817 576,550 570,96 579,381 MacCallum- [ —In(1 —a)]** 5 299.92 2761 0.9922 0.0283
18 0.90 572.718 582.450 573.870 583.970 Tanner 10 305.11 2745 0.9900 0.1182
19 0.95 579.872 591.250 577.696 592.075 15 298.23 26.64 0.9876 0.0545
20 1.00 606.150 628.900 592.398 629.900 20 304.27 27.34  0.9849 0.0236
Satava- [-In(1-a)]"* 5 300.19 26.96  0.9890 0.0297
Sestdk 10 305.09 2749 0.9879 0.1184
20 15 298.59 26.72  0.9864 0.0492
CesammssEEEag. 20 304.30 27.38  0.9798 0.0136
"g 250 _ . Agrawal [ —In(1-a)]*® 5 299.28 26.87  0.9932 0.1320
2 a0l 10 304.28 2742 0.9919 0.1095
& : . 15 297.31 26.59  0.9879 0.1224
150 7 20 303.28 2719 0.9867 0.0287
100 1— . . . : . : . : . . Mean 301.50 27.08
. . 4 ) . .
w0 e gzzcv';/\/a”' 288.13 0.997 0.0017
— kX = W= >
4 RS-LRENMERFIMREN E,-o B Kissinger 293.75  25.94  0.991 0.0039

Fig.4 E,-a curve of poly 5-vinyltetrazole at different decom-

position extents

B3 o o 7E0.15 ~0.85 = [al B K4 45 48 A
U ITRER (4) ~ (7)), T AR AT A 70 Ak 1) dc E S8 L 3
Tk G
MacCallum-Tanner 5 # .
lgl G(a) ] =1g(4.2AE,/BR) —0.9E,>*" -
(0.449 +0.911E,)/(0.001T)
(E,ink] - mol™) (4)
Satava-Sestak J5 & :
Ig[ G(a) ] =1g(A,E,/BR) —=2.315 —0.456E,/RT (5)
Agrawal & .
In[G(a) /T ] =In{ (AR/BE,)[1 =2(RT/E,)]/
[1-5(RT/E,)*]} —E,/RT (6)
The General Integral J5#% .
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Fig.5 Measured results of continuous specific heat capacity

of poly 5-vinyltetrazole

R5 ARNRETER 5- L5 UM R R BS T A S A
Table 5 Theoretical calculation and experimental determina-
tion of specific heat capacity values for poly 5-vinyltetrazole at

various temperatures

C,/)-g7 oK™
temperature X K elative
/K theoretical experimental deviation/%
calculation value value
283.0 0.934 1.129 17.28
293.0 1.086 1.308 16.98
303.0 1.194 1.432 16.62
313.0 1.288 1.538 16.24
323.0 1.392 1.655 15.87
333.0 1.496 1.770 15.49
343.0 1.529 1.801 15.11
353.0 1.548 1.819 14.88

(1) TG-DTG Jr it ¥ 5-C M A M1 77 1
AT AR S5 A 30 0 D5, 0 T 4
BB B LI B 99 2% B g = 10

%(1 —a)[ =In(1 —a) ] exp( =2.292 x10°/RT) ,
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Thermal Behavior, Specific Heat Capacity and Adiabatic Time-to-Explosion of Poly 5-vinyltetrazole

PANG Wei-giang, FAN Xue-zhong, LIU Qing, LI Ji-zhen, SHI Xiao-bing, FENG Li-min

(Xt'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Thermal behavior of poly 5-vinyltetrazole was studied by thermogravimetry-derivative themogravimetry (TG-DTG). The
specific heat capacity of poly 5-vinyltetrazole was determined by the micro-thermal method and theoretical calculation. The results

21.03
show that the thermal decomposition reaction kinetic equation of the second (main) decomposition stage is: % =1OB %(1 —a) X
[ -In(1 —a)]'?exp( —2.292 x10°/RT), the critical temperature of thermal explosion is 588.63 K, the adiabatic time-to-explo-
sion of poly 5-vinyltetrazole was calculated to be 251.4 s.
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