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Tab.1  Non isothermal kinetic parameters
E/ E./
RE 5 B/_ » T./K T /K AH/_ , k A /s r @ r,
(K+min™") (Jeg™) (kJ-mol™") (kJ - mol™")

5.0 606. 32 628. 66 1 290.36
10.0 626.50 637.79 1430.79 u

2 150 629,01 64246 1 026. 66 274.73 1.64 x10 0.994 3 271.32 0.994 7
20.0 633.67 644.53 1 126.61
5.0 553.61 577.29 910. 14
10.0 556.61 586. 14 990. 45 19

3 15.0 558,56 591 77 1 080. 32 202.48 4.64 x10 0.999 7 201.72 0.999 7
20.0 565. 68 596.02 1 085.05
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Tab.2 Activation energy of thermal decomposition of two kinds of complex by the Ozawa method
i & W 2 B & % 3
a TR TR T/K K En/l RN K TR TOK TR EIZ RN
0.05 609.759 618.332 628.646 629.777 190.37 0.958 8 559.461 567.547 565.002 571.128 276.11 0.673 0
0.10 613.325 623.003 631.746 634.455 192.46 0.986 2 563.305 572.137 569.966 575.462 272.42 0.697 7
0.15 615.570 625.721 633.713 637.163 195.87 0.993 6 567.393 576.325 573.123 578.272 283.14 0.609 1
0.20 617.233 627.611 635.135 638.980 197.17 0.997 2 569.780 578.889 575.809 581.116 272.24 0.6118
0.25 618.593 629.073 636.256 640.301 197.17 0.997 2 571.318 580.541 578.943 584.795 256.22 0.769 8
0.30 619.811 630.319 637.239 641.454 200.09 0.9999 572.472 581.758 582.374 588.051 239.62 0.9197
0.35 621.035 631.544 638.220 642.589 200.09 0.9999 573.417 582.728 584.799 590.179 228.38 0.967 8
0.40 622.384 632.901 639.254 643.691 200.09 0.9999 574.232 583.540 586.491 591.660 216.36 0.9713
0.45 623.739 634.278 640.308 644.494 207.94 0.999 4 574.957 584.252 587.780 592.795 216.96 0.983 9
0.50 624.275 635.409 641.244 645.223 207.94 0.999 4 575.626 584.900 588.833 593.729 210.00 0.990 1
0.55 625.784 636.280 641.911 646.188 216.17 0.997 1 576.260 585.514 589.749 594.548 208.49 0.997 1
0.60 626.529 636.954 642.277 647.334 216.17 0.997 1 576.871 586.101 590.583 595.306 208.54 0.997 3
0.65 627.165 637.489 642.605 648.409 211.68 0.9922 577.477 586.710 591.378 596.039 208.52 0.997 4
0.70 627.725 636.956 643.031 649.276 210.45 0.9903 578.096 587.328 592.165 596.776 202.88 0.994 3
0.75 628.234 638.434 643.689 650.053 211.68 0.9922 578.742 587.991 592.975 597.551 201.34 0.999 0
0.80 628.721 638.950 644.742 650.865 203.65 0.9938 579.443 588.735 593.852 598.402 202.50 0.998 8
0.85 629.231 639.557 646.043 651.739 201.52 0.997 6 580.246 589.617 594.863 599.440 197.40 0.999 3
0.90 629.819 640.305 647.349 652.721 201.52 0.997 6 581.250 590.784 596.167 600.814 194.91 0.999 5
0.95 630.565 641.360 648.772 653.985 195.09 0.999 2 582.745 592.703 598.252 603.081 191.32 0.999 7
1.00 634.800 651.705 654.390 660.464 179.82 0.9439 588.805 601.966 608.132 613.806 159.40 0.997 0
300 Co-LLM-105 20 Cu-LLM-105 ﬁj\ﬁ?ﬁﬁfﬁﬂ? 284.48 C ,Fﬁ%tlﬁjﬁl 1:9 H#,{qu%/l\
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Fig.7 E,-o curves by the Ozawa method
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Tab.3 Decomposition temperature of mixed explosives with different proportions

Bc&¥r 2 : HMX T,(dec)/C AT /C Bc&¥r 3 : HMX T,(dec)/C AT /C
0:10 284.48 — 0:10 284.48 —
1:9 284.57 0.09 1:9 283.35,306.96 -1.13
2:8 284.38,365.26 -0.10 2:8 280. 82,298. 68 -3.66
3:7 284.38,362.92 -0.10 3:7 282.60,297.93 -1.88
4:6 284.12,366.78 -0.36 4:6 280.25,298.49 -4.23
5:5 283.92,367.99 -0.56 5:5 276.49,296. 14 -7.99
6:4 283.82,367.62 -0.66 6:4 277.99,298. 40 -6.49
7:3 283.90,367.90 -0.58 7:3 278.20,298. 68 -6.28
8:2 283.95,366.49 -0.53 8:2 280.33,304.48 -4.15
9:1 282.60,367. 88 -1.88 9:1 282.98,306. 87 -1.50
10: 0 364. 85 — 10: 0 312.87 —
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Fig. 8 Compatibility of Cu-LLM-105 complex and HMX
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Cu( ) and Co( IIl ) Energetic Complexes of LLM-105 .
Thermal Decomposition Characteristics and Compatibility with HMX

JIN Yong, LU Ming
School of Chemical Engineering, Nanjing University of Science and Technology( Jiangsu Nanjing, 210094 )

[ ABSTRACT] In order to research the thermal decomposition characteristics and compatibility of the transition metal Cu
and Co complexes of LLM-105 (2,6-diamino-3 ,5-dinitropyrazine-1-oxide) , Cu( Il ) and Co( Il ) complexes of LLM-105
were synthesized and characterized by fourier transform infrared spectroscopy ( FT-IR) and powder X-ray diffraction
(PXRD). The decomposition temperatures of complexes at different heating rates were tested by a differential scanning
calorimetry(DSC). The kinetic parameters of the first exothermic process such as apparent activation enrgy ( E) and pre-
exponential factor(A) were predicted by the Kissinger’s and Ozawa-Doyle’s methods. Curves of activation energy changing
with temperature at the different conversion rates were acquired by using the conversion degree (a) and its corresponding
temperature (7). The decomposition temperature of mixed explosive under different mass ratios of Cu( Il ) and Co( Il )
complexes and HMX were tested by DSC, and the compatibility of them were analyzed . The results reveal that the compati-
bility between the Cu( Il ) complex and HMX is good, and superior to Co ( Il ) complexes with HMX.

[KEY WORDS] LLM-105 (2, 6-diamino-3, 5-dinitropyrazine-1-oxide ) ; Cu( II ) complex; Co( Il ) complex; thermal

decomposition; compatibility



