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Hy,BTA 45 >99% , 4t 5T 3 T. K= ; TGA/DSCI1
RVPRER /22 7% 1 4 1 AR AL R HS82 YA & | #y F
H-FER 2 B PR Y ( ) AR w5 FTIR Nicolet
6700 B B nf 21 4h 6 3% 4, Thermo Fisher Scientific
(P ED A Hp SRS R ) TGA-FTIR A 44 th Fff
F; GAM 200 BY 5384, 657 Fi 142 4 3 ) o
2.2 XEHEH

TG-DSC.: i#f i 2 ~3 mg, M 5 b ik K5 7F B
SR 40 CF T 24 h, IR B 5,10,15,
20 °C - min™' R JETEF 50~400 °C, 4 @48 40 pl
W, 8RR He X0, AT L e % 43 i 7 ) 1 - 3l Skt
TG i RS S 40 mL - min™'

FTIR . SARLLAM AR IR FE 180 °C, 1% i 45 18
HEE 170 °C, He Hi#k 50 mL - min™", 47 4 I # 00 Fl
400~4000 cm™"  FIREABER R WG JE A HEK 2 em ™
FHE 29 WAL 2.

MS: FLF 2l CEL) B U, DS L 43 B 4, R
FHZ B 7K (MID ) 82X, Y 75 1S &% (SEM) HL
1000 eV, FFE TR 150 °C (L EEE 170 °C,
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Hy,BTA 7EFH I =10 °C - min™" H {1 #45)
fik M2 LI 1. DI 1DSC il £k v iy W 9 28 b v] LR
FNZACE Y ST R 4 AR, A RTINS )
PR IR AN Bk 144,62 °CHI 233.71 °C,7E 110~
160 “CHI 200 ~240 °Cyti [l Py Jit 41 2k R HE A — 3, 43
S 12.5%H1 12, 6% ; Ji WA S 2 22 el 72 0 T
4y Rk 246,97 °C 1 263. 80 °C, 7E 240 ~ 254 °C il
254 ~300 °C 3 B N JT 3 e 23R40 52K 13, 5% 24. 9%,
Xt IO A S B Ry 604.8 ) - g7 BkAM  Hy,BTA 7
JE 5 T 400 °CH A5 23 ) 4% 5T ik 43 5029 30% 1 5 B 4
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Fig.1 TG, DTG and DSC curves of Hy,BTA at a heating rate
of 10 °C + min™
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Fig.2 DSC curves of Hy,BTA at different heating rates

®1 AEFHEERT Hy,BTA i DSC %
Table 1 DSC data of Hy,BTA at different heating rates

process  B/°C - min~'  T,/C AH/) - g™ mass loss/%

5 136.13 —274.86 13.1

10 144.62 -273.95 12.6

! 15 148.88 —272.40 12.2
20 152.73 —274.45 12.9

5 226.94 -159.18 12.7

10 233.71 -156.37 12.6

2 15 238. 41 -162.26 12.2
20 241.56 -156.12 12.9

5 242.88 295.83 10.8

10 246.97 190.19 13.5

3 15 250. 11 212.15 15.4
20 251.86 196. 88 17.2

5 257.29 579.91 26.3

10 263.80 414.61 24.9

4 15 267.80 377.21 22.6
20 270. 40 246.72 20.3

Note: B is heating rate. T,is decomposition peak temperature. AH is enthalpy.
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BB — PR 22
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G B s AL BB B2 9 55 1 A B, AR AT BE X N T
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Fig.3 The images of microscope heating stage at 210~240 °C

1

of Hy,BTA at a heating rate of 10 °C - min~

55 3 Ak RN R R, ML Coats-Redfern J7 7kt
B 240~245 °CHy I L RE R 305.98 k) - mol ™, & Al
JUMLEeRECN 1.5 G n . FIH Kissinger 35304 i Ak 1y
FWIEALAE S 334.16 K) - mol ™, E 4 m T—C—N—
Hefr B Ee " (295.81+10.46) k) - mol ™", i B % 1 Fi
A B R A —C—N—4 ) W7 24 11 Bl 25 T 308 7 3% 1) 1
N, 2 5 B A T 8 AR AR AR, 2 i R b B I B
AL A 00 A R 14 o 2 i s A R . — 5 TR T BE
Tk TR B, AN it 3k R I R R A BT R T Al
PR TEASAFIRBE s 53— O W iy FiZad B AR T BB IR A
W A3 fige ah A 7 1) T T S A R T O A s R Y
AT, A5 5% B % S M A B, a0 1T 3 BOZ 0 Bl I
A TR

554 A R N, FL ] Coats-Redfern Jy ik
256 ~262 CHYEMIGILAE N 218.64 k) - mol™',
B AT JLBLFE o8 B0h 3 92 o B FH Kissinger 11 80 i

Table 2 Kinetic parameters of four decomposition processes of Hy,BTA

” Coats-Redfern (=10 °C - min™") Kissinger
decomposition ] 3 B » 3 B
processes al/% T/°C /K - mol” In(A/s™") Q Gla) = o) /- mol”! In(A/s™)

1 1-6 125-140 143.83 36.82 0.9992 0.034 =In(1-a) 115.12 28.85

) 1-6 203-230 126.71 24.65 0.9987 0.104 =In(1-a) 193.75 41.76
6-14 230-240 175.91 37.25 0.9982 0.013 =In(1-a)

3 14-21  240-245 305.98 66.90 0.9994  0.002 [-In(1-a)]"? 334.16 73.53

4 32-36  256-262 218.64 44.46 0.9999 0 [=In(1-a)]® 243.40 50. 44

Note: « is the conversion degree. G(a) is the integral form of mechanism function. E_ is apparent activation energy. A is pre-exponential factor. ris linear correla-

tion coefficient. Q is standard deviation.
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Fig. 4 IR spectra of the decomposition gas products of

Hy,BTA with increasing temperature at 10 °C - min™'

100
= 9% \I/ HN, / HCN
§ HN, HN,
5 92l
£ NH,
2 NH,NH,
= 88f HN

3 HN,
84

3500 3000 2500 2000 1500 1000 500
wavenumber / cm’

5 F£10°C - min™' 1 250°CHT Hy, BTA 4 fif 44 7= ) 1) 41
b A
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Thermal Decomposition Behavior of Dihydrazinium Salt of Bis( 5-amino-1,2,3,4-tetrazolium)

WANG Liang-liang, LIU Yan, ZHAO Shou-tian
( Research Institute of Chemical Defense, Beijing 102205, China)

Abstract. In order to understand comprehensively the thermal decomposition behavior of dihydrazinium salts of bis(5-amino-1,2,
3,4-tetrazolium) (Hy,BTA), thermal decomposition curves at different heating rates and the types of decomposition gas products
and their content change of the compound were measured by combined method of thermogravimetry-differential scanning calorime-
try-Fourier transform infrared spectroscopy-mass spectrometry (TG-DSC-FTIR-MS). Results show that the thermal decomposition of
Hy,BTA includes two endothermic processes and two successive exothermic processes with temperature increasing, corresponding to
the broken of first ionic bond in Hy,BTA with the expulsion of NH,NH, , the tetrazole rings began to release N, with the rupture of
—N-—N— during the break of the second ionic bond in Hy,BTA, gas products N,, HN,, NH, and HCN were generated by the
cleavage of tetrazole rings and the further decomposition of residual skeleton, in addition, the polymerization of decomposition prod-
ucts and pyrolysis of residual skeleton can be occurred which produce polymer containing nitrogen and HN,, N, and NH, , respec-
tively. The apparent activation energies of four processes calculated by Kissinger’s method are 115.12 k) - mol™', 193.75 k) - mol ™',
334.16 kJ - mol™ and 243.40 kJ - mol™' respectively.

Key words: dihydrazinium salt of bis(5-amino-1,2,3,4-tetrazolium) ; TG-DSC-FTIR-Ms coupled technique; thermal decomposi-
tion; gas products
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