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Abstract: The time lag prior to explosion of six trinitromethyl explosives: 2, 2, 2-trinitroethyl-N-nitromethyl
amine (TNMA ), bis (2, 2, 2-trinitroethyl-N-nitro) ethylene diamine (BTNEDA), 2, 2, 2-trinitroethyl-4, 4, 4-
trinitrobutyrate (TNETB), bis(2,2,2-trinitroethyl) formal (BNTF), 1,1,1,3-tetranitropropane (TETNP) and bis
(2,2, 2-trinitroethyl-nitramine (BTNNA) at different temperature was measured by an explosion temperature test
apparatus. The apparent activation energy (E.) and pre-exponential constant (A,) of the explosive decomposition

reaction and the value of T corresponding to t=5s, T,—s, in Semenov’s equation for the relationship governing the

time lag ¢, prior to explosion after heating to a temperature, T (K): Inti,,; = —InA. were calculated. The

- B
RT;
values of E. obtained by integral isoconversional non-linear method were used to check the values of E, obtained

by plotting Intyg,against 1/7;. With the help of thermodynamic formulae, the thermodynamic parameters of activ-
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ation [free energy of activation (AG”), enthalpy of activation (AH”) and entropy of activation (AS”)] for the

explosive decomposition reaction were calculated. The results show that: (1) the relative error between the values

of E.by plotting method and E.is within +5%; (2) the fact of E,=E,by the linear least-squares method indicates

that: (a) the fraction of material reacted during the time lag prior to explosion at different temperature is equal;

(b) the values of E, and A. obtained are acceptable and (c) assumption of adopting A.>>G (@) in derivation of

Semenov’s formula are tenable; (3) using T,—ssand AG” as criteria, the heat-resistance ability of six trinitromethyl

explosives decreases in the order TNETB>BTNF>BTNEDA>TETNP>TNMA>>BTNNA.
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Table 1 The experimental data of t,,at various temperature and calculated values of E., lgA., E.,

and T,—s, for six trinitromethyl explosives

Intie= —lnAa+l§—,} E./ AG*/ AH#/ AS#/
Explosives  T/K Hag/s v min T—s5/K _ _ _ _
BT e mol™! lg(A/s™) (kJ+ mol™) (kJ« mol™) (K« mol ™) (T + mol ™2+ K1)

TNMA  475.15 14.5 118.08 11. 82 0.9988 118.08 0. 0042 492. 70 129. 32 113.98 —31.12
479. 15 11.5 (104. 60)
485. 15 7.66
489. 15 6.27

BTNEDA 481.15 17.33 114. 47 11.21 0.9912 114. 47 0. 0845 502.10 131. 86 110. 30 —42.96
486.55  11.80 (113.00)
492. 55 7.65
497. 85 6. 26
502. 55 5.15

TNETB  496.15  42.75 268. 04 25.21 0.9933 268. 02 0.1826 540. 41 142. 26 263.55 224. 44
499.15 17.4 (280. 30)
501.15 22.2
507.15 12.2
512.15 5.1

BTNF 492,15 11.50 102. 49 9.82 0.9561 103.90 0..3086 508. 96 133.72 98. 26 —69. 68

497.15 7.90 (100. 40)
503.15 7.29
508. 65 5.95
514.15 3.40

TETNP  481.65 20.3 181. 91 18. 41 0.9898 181.91 0.0379 497. 27 130. 56 177.78 94. 96
483. 65 18.5 (196. 60)
486. 75 12.4
487.75 11.9
489. 75 10.0
499. 25 4.2

BTNNA  464.55 7.35 114. 45 11.73 0.9986 114. 45 0.0032 481.01 126.15 110. 45 —32.64
467. 55 5.98 (108. 80)
470. 85 5. 05
475. 95 3.58

Note: T, the explosion temperature; #.,, the time lag, prior to explosion after heating; E., the apparent activation energy
of explosive decomposition reaction of explosive; The data in parenthese are obtained by plotting method; A. the pre-
exponential constant; r, the linear correlation coefficent; E., the apparent activation energy obtained by integral
;

. . . . o . . O Lie )
isoconversional non-linear method; min, the value of min in Equation min= 2 2 w*n(ﬂ*l) yi=1,2,",n;
o/, j
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T.—s»the explosion temperature at t=>5s; AH” ,the free energy of activation; AG” the enthalpy of activation; AS”, the
entropy of activation.,
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