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1008, 956, 888, 747, 645, Anal. Calcd for
C.,H,N,, - 0.5H,0: C, 28.17; H, 2.36; N, 65.71;
Found:; C, 28.21; H, 2.20; N, 65.49,
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Table 1 Synthetic methods of H,BTI

method Mircea Dinca * Min Guo'®! this paper
methanol /toluene

solvent (V/V=1:4) DMF DMF

catalyst N(Et), - HCI NH,Cl NH, Cl

n(catalyst)/n(DCl) 6 1.1 2.2

n(NaN;)/n(DCl) 6 1.5 2.2

reaction time 3d 8 h 8 h

yield/% 93.50 759 94.60

Note: a) theoretical yield.

3.2 H,BTI ASRITARR
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DSC il & i 47 B o0 11 5 5 15 B W o fid R 2 ol
208 k) - mol =", F ] H, BT 782 6B & 28 T i 2104 il
P N . DSC £k 1 J0 B 8 05 12 72, 106 B K
PR Ry H BT A [ AH 23 ff ook # . P4 &l 2
AN HTE 2 RO B R R SRR EE Dy 337.5 °CL &
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M 2 g5 1m0, i Kissinger J5 53458 0 26 WL 1%
AkEE 193.66 k) - mol 7' F1 g Flann-Wall-Ozawa J ¥
ARG AL RE 193.40 k) - mol 7 A — 3, H4k
PERR DG RBCHR AL L T 1, RUITHR S R AT (5, JF LU AE
R AT v — B AR E . TR, H R LT
FEHEAE T 20, H, BT a8 M

PR TR E AT DSC il T, Ml o, (i =1,2,
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Table 2 Kinetic parameters of the exothermic decomposition reaction of H,BTI obtained by the multiple heating methods
B/K + min~! T./K T,/K E./k) - mol 7! IgA, r E,/ k) - mol ™! r, Epean/ kI - mol 7!
2.5 552.50 578.25
5 562.74 587.74
193.66 14.94 0.99996 193.40 0.99997 193.53
10 573.27 597.77
15 580.56 603.81

Note: B, Heating rate; T,, onset temperature in the DSC curve; Tp, maximum peak temperature; E, apparent activation energy; A, pre-exponential constant;

r, linear correlation coefficient. Subscript k, data obtained by Kissinger’s method; subscript o, data obtained by Flann-Wall-Ozawa’s method.

R 3 i DSC 245 2 /Y #1407 2 Kt
Table 3 Thermodynamics results from DSC curves
T./K
data point @ — —< — — E,/K + mol ™'
B=2.5K:min B=5.0K:min B=10.0 K+ min B=15.0 K- min

1 0.05 536.50 552.49 564.02 567.06 134.66
2 0.10 549.25 561.49 572.52 577.31 157.65
3 0.15 555.75 566.99 577.52 583.06 167.27
4 0.20 560.25 570.74 581.27 587.06 173.15
5 0.25 563.50 573.74 584.02 590.06 177.28
6 0.30 566.00 576.24 586.27 592.56 179.48
7 0.35 568.25 578.49 588.27 594.56 182.84
8 0.40 570.25 580.24 590.27 596.56 183.67
9 0.45 572.00 581.99 591.77 598.31 185.43
10 0.50 573.75 583.49 593.27 599.81 188.13
11 0.55 575.25 584.99 594.77 601.06 190.52
12 0.60 576.75 586.24 596.02 602.56 191.67
13 0.65 578.00 587.74 597.27 603.81 192.98
14 0.70 579.50 588.99 598.52 605.06 195.64
15 0.75 581.00 590.49 599.77 606.31 198.86
16 0.80 582.50 591.99 601.27 608.06 198.28
17 0.85 584.25 593.99 603.02 609.81 199.94
18 0.90 587.25 596.74 605.27 612.81 203.24
19 0.95 593.75 603.24 609.27 618.81 214.85
20 0.975 603.25 611.49 613.27 625.31 242.32
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ISR E, =197.62 k) - mol ™' |IgA =16.16,

W e R R BIL B ek AR 1Y o3 X B SR AR 1Y E, (1gA
RATFHE(7) v A5 3] H BT 3G fif 52 2 1) 3l ) 2% 5
A (8) s

do_( A\ g ok

ar=( )t 7
d(X 1.927 16 jT 72,377T><m4
E_ZTX‘IO (1 —a)[—|n(1 —a)] e (8)

N T 5 H BTl i o0 i 2 BV JE I AT
AT H AR E G PR EE (T, M T,,) K 3R 2 B,
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Table 4 Calculated values of kinetic parameters of thermal decomposition reaction for H,BTI

B/K + min~! Eq. Mech. funct. no. E /K - mol™' logA r sD d

2.5 4 15 179.97 17.33 0.9992 8.17 x10 73 6.54 x10°°
5 15 178.10 13.54 0.9992 8.17 x10 73 6.54 x107°
6 15 177.75 13.47 0.9991 1.87 x10 72 1.68 x10~°
7 15 177.75 13.53 0.9991 1.87 x10 72 1.68 x10~°

5 4 15 194.76 18.72 0.9994 7.05x10 3 4.23 x10°°
5 15 192.06 14.54 0.9994 7.05x10°° 4.23 x10°°
6 15 192.26 14.81 0.9993 1.61 x10 72 1.13 x10°°
7 15 192.26 14.87 0.9993 1.61 x1072 1.13 x10°°

10 4 15 213.11 20.39 0.9992 8.24 x10 73 6.59 x10~°
5 15 209.39 16.33 0.9992 8.24 x107* 6.59 x10~°
6 15 210.33 16.45 0.9991 1.89 x10 72 1.70 x10~°
7 15 210.33 16.51 0.9991 1.89 x10 2 1.70 x10 ~°

15 4 15 210.82 20.15 0.9990 8.89 x10 3 8.89 x10°°
5 15 207.22 15.41 0.9990 8.89 x10 3 8.89 x10°°
6 15 207.94 16.21 0.9989 2.04 x10 72 2.24 x10°°
7 15 207.94 16.26 0.9989 2.04 x1072 2.24 x107°
mean 197.62 16.16 0.9992 1.33 x10 72 1.17 x10~°

Note: SD is standard deviation, d, confidence factor.
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Synthesis and Thermal Decomposition Properties of 4 ,5-Bis( 1 H-tetrazol-5-yl) -1 H-imidazole

Bl Fu-qgiang, LI Ji-zhen, XU Cheng, FAN Xue-zhong, GAO Hong-xu, KANG Bing, GE Zhong-xue, LIU Qing
( Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: 4,5-Bis(1 H-tetrazol-5-yl) -1 H-imidazole (H,BTI) is a high-nitrogen azole compound which may be suitable as ingredi-
ent for low signal propellant and gas generator. The synthetic technology of H,BTI was optimized with the yield of 94.6% as
following. the molar ratio of 4,5-dicyanoimidazole, sodium azide and ammonium chloride, 2.2 : 2.2 : 1,solvent DMF, reaction
temperature 90 °C,and reaction time 8 h. The thermal behavior and non-isothermal decomposition kinetics of H,BTI were studied
with DSC and TG/DTG method. Results show that the kinetic parameters of thermal decomposition reaction, are the activation
energy and pre-exponential factor are 197.62 kJ - mol ~' and 16. 16, respectively, and the critical temperature of thermal explosion
of H,BTl is 556.38 K,which indicates that H,BTI has better thermal stability than that of RDX, and activation entropy, activation
enthalpy and activation Gibbs free energy of the thermal decomposition are 35.72 J - mol™ - K™, 193.66 kJ - mol~' and
173.33 kJ - mol ™', respectively.
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