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F 1 E%FIE DSC IS Na, (BNT) (H,0), JFUA R Kissinger 1% \Ozawa JHIJ5 B (27) | (28) B A5 B0 4 6 52 NE 1 3 1 2 5 4K
Table 1 The original data of Na, (BNT) (H,0O), determined by non-isothermal DSC and kinetic parameters of exothermic decom-

position reaction obtained by Kissinger’'s method, Ozawa’s method and Eqs. (27) 2] and (28) "

initial data calculated values of kinetic parameters!) Eq. (27) Eq. (28)
B Kissinger’s method Ozawa’s method
/Kemin =1 To/K - To/K ag To/K Too/K Teo/K Tpo/K Ey e(As 1) Eop . Eoe . beo?) Teo prZ) 50 2,03 reo ap03> o
/k) - mol —1 B/ K /k) - mol =1 Op /k) + mol 1 Oe

5 649.96 666.87 0.1232 674.00 0.6880 643.26 652.10 656.79 191.31 12.46 0.9993  192.82 0.9993 189.97 0.9968 0.0516 0.9958 0.0513 0.9990 34.21 0.9963 34.39 0.9992
10 660.76 678.72 0.1028 686.86 0.6980

15 677.29 685.51 0.0678 694.23 0.6652

20 684.13 693.30 0.1127 701.22 0.6791

25 687.17 697.90 0.1434 705.13 0.6050

Note: 1) E: apparent activation energy; A: pre-exponential constant; Subscript K, data obtained by Kissinger’s method[4]; Subscript O data obtained by Ozawa’s method [5].

2) The value of byg p0 is from Ing;vs. Tjor Tpirela(ion in Eq. (27). 3) The value of ayy o p0 is from Ing;vs. T or Tpirela(ior\ in Eq. (28).

®2 AFETHRESE(B) T i DSC KU MIAE L% F A 3% (NLINT) V18 8119 Na, (BNT) (H,0) , JUH A fif S % [ 7 0L 1 1 fig
Table 2 Data of Na, (BNT) (H,0), determined by DSC at different heating rates (8) and apparent activation energies ( E,) of

thermal decomposition obtained by an integral isoconversional non-linear (NL-INT) method'®’

. initial data Ext iNT —sv3 .
data point 3 Min
« T, /K T, /K T,s /K Ty /K T,s /K /K - mol

0 0.000 649.96 660.76 677.29 684.13 687.17

1 0.025 660.28 672.41 683.57 689.55 692.42 170.48 0.0064
2 0.050 662.97 675.47 684.82 690.98 694.16 180.88 0.0228
3 0.075 664.70 677.47 685.76 692.05 695.46 186.60 0.0089
4 0.100 665.96 678.62 686.55 692.91 696.49 189.58 0.0064
5 0.125 666.93 679.44 687.21 693.65 697.35 191.22 0.0064
6 0.150 667.67 680.12 687.80 694.29 698.08 191.99 0.0067
7 0.175 668.24 680.70 688.32 694.86 698.73 192.04 0.0070
8 0.200 668.73 681.21 688.80 695.37 699.31 191.94 0.0072
9 0.225 669.16 681.68 689.24 695. 84 699. 84 191.73 0.0073
10 0.250 669.54 682.10 689.64 696.28 700.33 191.39 0.0076
11 0.275 669.90 682.50 690.02 696.69 700.78 191.14 0.0077
12 0.300 670.23 682.86 690.38 697.07 701.21 190.81 0.0079
13 0.325 670.55 683.21 690.72 697.43 701.61 190. 60 0.0081
14 0.350 670.85 683.53 691.05 697.77 701.99 190.35 0.0081
15 0.375 671.14 683.83 691.36 698.09 702.35 190.15 0.0083
16 0.400 671.42 684.12 691.66 698. 41 702.69 189.95 0.0086
17 0.425 671.69 684.40 691.94 698.71 703.03 189.75 0.0089
18 0.450 671.94 684.66 692.21 699.00 703.35 189.50 0.0092
19 0.475 672.19 684.92 692.48 699.27 703.66 189.35 0.0093
20 0.500 672.43 685.17 692.73 699.54 703.96 189.17 0.0097
21 0.525 672.66 685.40 692.98 699. 80 704.25 188.96 0.0099
22 0.550 672.89 685.63 693.22 700.04 704.54 188.82 0.0102
23 0.575 673.10 685.85 693.45 700.28 704.81 188.61 0.0104
24 0.600 673.31 686.07 693.68 700.52 705.08 188.42 0.0107
25 0.625 673.51 686.28 693.89 700.74 705.33 188.28 0.0110
26 0.650 673.71 686.48 694.11 700.96 705.58 188.13 0.0111
27 0.675 673.90 686.68 694.31 701.18 705.81 188.00 0.0114
28 0.700 674.09 686.87 694.51 701.40 706.04 187.86 0.0118
29 0.725 674.27 687.06 694.70 701.60 706.25 187.80 0.0119
30 0.750 674.45 687.25 694.89 701.81 706.46 187.71 0.0121
31 0.775 674.62 687.42 695.08 702.00 706.66 187.62 0.0121
32 0.800 674.79 687.59 695.25 702.19 706.85 187.58 0.0124
33 0.825 674.96 687.76 695.42 702.37 707.04 187.57 0.0127
34 0.850 675.12 687.91 695.58 702.55 707.21 187.54 0.0130
35 0.875 675.26 688.06 695.73 702.72 707.37 187.47 0.0131
36 0.900 675.40 688. 20 695.86 702.88 707.51 187.50 0.0135
37 0.925 675.57 688.34 695.99 703.04 707.63 187.78 0.0140
38 0.950 675.81 688.46 696.10 703.18 707.71 188.67 0.0154
39 0.975 676.31 688.59 696.20 703.31 707.75 191.34 0.0201
40 1.000 682.74 689.34 696.77 703.63 708.29 230.92 0.2800
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¥ 2 th JE 44 . T e z
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w(u)(a)T
Z(a) =
(a) 3
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3.7 FESEEREENSTANESRY f(a) ™
Shy i T 52 1) B T LALEE R AR () L 347 T 48 =0.100 ~0. 975385 Bl N 9B . B, T, Ml o, (i=1,2,-+,36)
FISCERI8] 41 ARUME R HLHE %L, A Satava-Sestak 52 ( 5 #E3(31))

AL, 2.315 -0.4567 £, (31)
RB - . - .

logG(a) =log RT

ROEM AR AR NS 3 ~ 3R 5 IR

%3 i Satava-Sestak /-7 1 H15, 10 K - min 7" B} Na, (BNT) (H,0), #4450 1 45 5
Table 3 Analysis results of the thermal decomposition data at 5, 10 K - min "' of Na, (BNT) (H,0), in Table 1 by Satava-Sestak

method
B=5K-min~" B=10K - min~"
IF\luon.Ctlon ka - mol ™' lg(A/s™") r Q-10* d-10° FNU(:].C“On ka - mol ™! lg(A/s™") r Q-10 d-10°
22 202.11 13.28 0.9967 1.030 3.360 22 204.68 13.48 0.9980 0.6454 1.319
23 269.48 18.63 0.9967 1.830 5.974 23 272.91 18.79 0.9980 1.147 2.346
3 487.97 36.06 0.996 0.644 0.2268 3 493.20 36.04 0.9989 2.010 2.207
4 1951.9 154.2 0.996 10.31 3.629 4 1972.8 153.3 0.9989 32.16 35.32
520.91 38.65 0.9987 2.761 3.649 5 526.07 38.58 0.9971 5.985 17.16
10 297.58 20.96 0.9933 4.619 31.03 10 299.99 21.00 0.9900 6.874 68.85
1903.2 149.9 0.9997 7.320 1.924 7 1924.3 149.0 0.9934 18.29 12.01
8 1452.6 112.9 0.9945 89.27 487.4 8 1471.5 112.5 0.9960 65.00 258.2
35 2330.2 23.54 0.9188 77.30 6274 35 335.54 23.76 0.9231 73.40 5644.8
1 1616.9 127.4 0.9967 65.89 215.0 1 1637.5 126.9 0.9980 41.30 84.44
11 396.77 28.93 0.9933 8.211 55.16 11 399.99 28.88 0.9900 12.22 12.24
12 476.13 35.32 0.9933 11.82 79.43 12 479.99 35.21 0.9900 17.60 17.63
13 595.16 44.94 0.9933 18.47 124.1 13 599.99 44.72 0.9900 27.50 27.54
14 793.55 61.00 0.9933 32.84 220.6 14 799.98 60.61 0.9900 48.88 48.96
15 892.74 65.04 0.9933 41.57 279.2 15 899.98 68.57 0.9900 61.87 61.97
16 1190.3 93.19 0.9933 73.90 496.4 16 1200.0 92.46 0.9900 1099 1102
17 1785.5 141.6 0.9933 166.3 11.7 17 1800.0 140.3 0.9900 2475 2479
18 2380.6 190.0 0.9933 295.6 198.6 18 2400.0 188.2 0.9900 4400 4407
19 3571.0 286.9 0.9933 665.1 446.8 19 3600.0 284.2 0.9900 9899 9915
20 4761.3 383.9 0.9933 1182 794.3 20 4800.0 380.1 0.9900 1760 17.63
21 - - - - - 21 - - - - -
6 2083.6 154.7 0.9987 44.18 58.38 6 2104.3 163.5 0.9971 95.76 27.45
2 1816.0 143.4 0.9994 14.93 8.792 2 1837.2 142.7 0.9996 10.12 4.039
24 404.23 29.41 0.9967 4.118 13.44 24 409.36 29.50 0.9980 2.581 5.278
25 808.45 61.97 0.9967 16.47 53.76 25 818.73 61.86 0.9980 10.33 21.11
26 1212.7 94.65 0.9967 37.07 121.0 26 1228.1 94.34 0.9980 23.23 47.50
27 1616.9 127.4 0.9967 65.89 215.0 27 1637.5 126.9 0.9980 41.30 84.44
28 1076.8 83.30 0.9978 19.94 44.49 28 1087.0 82.79 0.9958 37.49 157.4
29 1041.8 80.57 0.9987 11.04 14.59 29 1052.1 80.12 0.9971 23.94 68.63
30 1041.8 81.04 0.9987 11.04 14.60 30 1052.1 80.59 0.9971 23.94 68.63
31 975.94 75.36 0.9996 2.578 0.9072 31 986.40 75.02 0.9989 8.040 8.830
32 975.94 75.66 0.9996 2.578 0.9072 32 986.40 75.32 0.9989 8.040 8.830
33 576.45 43.31 0.9755 6.481 1585 33 585.08 43.43 0.9789 55.95 1179
34 429.33 31.49 0.9474 8.077 4246 34 436.16 31.68 0.9516 74.56 3610
9 2723.5 217.2 0.9834 968.8 16056 9 3740.4 214.7 0.9783 1265 27.45
36 959.83 75.04 0.8463 1403 215706 36 954.20 73.44 0.8318 1523 256313
37 1768.3 140.5 0.9557 1140 50524 37 1772.9 138.5 0.9473 1349 71.08
38 479.92 35.91 0.8463 350.8 53926 38 477.10 35.26 0.8318 380.9 64.08
39 - - - - - 39 - - - - -
40 - - - - - 40 - - - - -
41 191.7 153.61 0.8463 5612 862823 41 1909.4 150.1 0.8318 6094 1025252
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% 4 J Satava-Sestak B:43HrE 1 115, 20 K+ min "B Na, (BNT) (H,O), #4354 i 25 5
Table 4  Analysis results of the thermal decomposition data at 15, 20 K - min ™' of Na, (BNT) (H,0), in Table 1 by Satava-Sestsk

method
B=15K - min~' B=20 K+ min~'
L”O“.C“O” /Ekj ol lB(ASTY Q-10°  d-10° FN“(:C“O” fkj gl lB(ASTY Q-10° d-10°
22 209.24 13.82 0.9959  1.303  5.382 22 220.74 13.14 0.991 1.230  4.793
23 278.98 19.20 0.9959  2.316 9. 567 23 267.65 18.24 0.9961  2.186  8.522
504.99 36.71 0.9984  2.871  4.503 3 484.61 34.85 0.9990  1.942  2.060
10 307.63 21.51 0.9910  6.173  55.50 4 1938.4 147.6 0.9990 31.07  32.9
538.92 39.30 0.9972  5.885  16.59 5 517.24 37.32 0.9978  4.559  9.953
6 2155.7 165.9 0.9972  94.16  265.4 10 295.34 20.45 0.9919  5.537  44.62
7 169.9 151.1 0.9987 37.38  50.19 7 1890.3 143.5 0.9991  24.87  22.21
8 1503.2 113.9 0.9933 1094 732.8 8 1442.2 168.1 0.9936  105.2  677.5
35 339.88 23.98 0.9128  82.80 7223 35 326.25 22.79 0.9135  82.18 7111
1 1673.9 128.5 0.9959  83.37  344.4 1 605.89 122.0 0.991 78.69  306.8
11 410.17 29.50 0.9910 10.97  98.67 11 393.79 28.04 0.9919  9.843  79.32
12 492.21 35.92 0.9910  15.80  142.1 12 472.55 34.14 0.9919  14.17  114.2
13 615.26 45.57 0.9910  24.69  222.0 13 590.68 43.31 0.9919  21.15  178.5
14 820.34 61.68 0.9910  43.90  39.47 14 787.58 58.62 0.9919 29.37  317.3
15 922.89 69.75 0.9910  55.56  49.95 15 886.02 66.29 0.9919  49.83  401.6
16 1230.5 93.99 0.9910 98.77  88.80 16 1181.4 89.33 0.9919  88.58  713.9
17 1845.8 142.6 0.9910 222.2 1998 17 1772.1 135.5 0.9919  199.3 1606
18 2461.0 191.1 0.9910  395.1 3552 18 2362.7 181.7 0.9919  354.3 2855
19 3691.6 288.4 0.9910  889.0 7992 19 3544. 1 274.1 0.9919  797.3 6425
20 4922.1 385.7 0.9910 1580 1421 20 4725.4 368.6 0.9919 1417 11422
21 - - - - - 21 - - - - -
1880.0 144.6 0.9985 37.78  56.30 6 2069.0 157.6 0.9978  72.95  159.3
2020.0 155.4 0.9984 4593  72.06 2 1803.8 137.3 0.9989  28.71  32.50
24 418.47 30.03 0.9959  5.211  21.53 24 401.47 28.52 0.991  4.918  19.17
25 836.94 62.75 0.9959  20.84  86.11 25 802.94 59.58 0.991 19.67  76.70
26 1255.4 95.60 0.9959  46.90  193.7 26 1204.4 90.77 0.991 44.26  172.6
27 1673.9 128.5 0.9959  83.37  344.4 27 1605.9 122.0 0.9961 78.69  306.8
28 1113.9 84.13 0.991 34.81  135.7 28 1069. 1 79.90 0.9968 28.52  91.05
29 1077.9 81.39 0.9972  23.54  66.35 29 1034.5 77.30 0.9978  18.24  39.81
30 1077.9 81.87 0.9972  23.54  66.35 30 1034.5 77.78 0.9978  18.24  39.81
3 1010.0 76.19 0.9984 11.48  18.01 31 969.22 72.34 0.9989  7.767  8.240
32 1010.0 76.48 0.9984 11.48  18.01 32 969.22 72.65 0.9989  7.767  8.240
33 598.13 43.96 0.9737  69.71 1835 33 571.85 41.73 0.9738  69.38 1818
34 443.03 32.01 0.9436  86.55 4885 34 425.09 30.40 0.9439  86.03 4825
9 2812.7 218.2 0.9802 1156 22.88 9 2701.2 207.40 0.9814 1083 20091
36 985.48 75.24 0.8386 1467 23685 36 948.42 71.72 0.8414 1444 228950
37 1822.4 141.0 0.9506 1268 62.65 37 1751.4 134.2 0.9524 1222 58125
38 492.74 36.24 0.8386  366.8  59.21 38 474.21 34.55 0.8414  360.9 57237
39 - - - - - 39 - - - - -
40 - < - - - 40 - - - - -
41 1971.0 153.6 0.8386 5869 947391 41 1896.9 146.4 0.9414 5774 915798

P, & B AT APLEE R ECP AT 40 MU eR BT E (B4 AE B RB AL IE R AW Ak, RIBE (B AE IR S
LA 5 1923 2%k, E=246.40 kJ - mol ™' 3G 8] Ey_r_svs =189.34 kJ - mol ™' J& A4 BE, @}ijells[i%o =}
5522 SERBOTEN EM A SRR R E R A B IE % Y5 (80 ~250 k) - mol ' F1107 ~10™ s™") Py, 2 4
PEPER TR0 E=200.31 kJ - mol ™' (2 6) LI Ey_pyos, =189.34 ki - mol ™', [t , ¥ 4 1 4 45 BLAY d 7]
JUMLEE PR B 22 SR8 G(a) =o', f(a) =4a’",

PEIL , HITE o L 0.100 ~0.975 (75 FEIM ,Na, (BNT) (H,O), Jl i [z R TR E =107’ e 20T
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%5 JH Satava-Sestak B:43HrE 1 1 25 K+ min "B Na, (BNT) (H,O) , $43 fif BU 4 (1 245 5

Table 5 Analysis results of the thermal decomposition data at 20 K + min ™' of Na, (BNT) (H,0), in Table 1 by Satava-Sestsk method

B=25K-min~'

Function No. E/k) - mol ! Ig(A/s™") r Q-10° d-10°
22 184.80 11.93 0.9973 0.850 2.290
23 246. 40 16.58 0.9973 1.511 4.071
3 445.13 31.68 0.9979 3.893 8.284
4 270.56 18.50 0.9983 8.052 94.56
5 474.69 33.88 0.9959 8.552 35.05
6 1898.8 143.4 0.9959 136.8 560.8
7 1736.9 130.7 0.9984 44.31 70.54
8 1328.4 98.66 0.9953 77.48 367.0
35 302.36 20.90 0.9207 75.58 5994
1 1478.4 111.4 0.9973 54.41 146.6
11 360.75 25.41 0.9883 14.32 168.1
12 430.90 30.95 0.9883 20.61 242.1
13 541.12 39.29 0.9883 32.21 378.2
14 721.49 53.22 0.9883 57.26 672.4
15 811.68 60.19 0.9883 72.47 65.10
16 1082.2 81.15 0.9883 128.8 1513
17 1623.4 123.1 0.9883 289.9 3404
18 2164.5 165.2 0.9883 515.4 6052
19 3246.7 249.3 0.9883 1160 13616
20 4329.0 333.5 0.9883 2061 24207
21 - - - - -

4 1780.5 134.5 0.9979 62.28 132.5
2 1658.5 125.2 0.9988 30.27 36.14
20 369.60 25.97 0.9973 3.400 9.160
25 739.21 54.35 0.9973 13.60 36.64
26 1108.8 82.85 0.9973 30.60 82.44
27 1478.4 111.4 0.9973 54.41 146.6
28 980.75 72.61 0.9945 49.48 274.3
29 949.39 70.29 0.9959 34.21 140.2
30 949,39 70.76 0.9959 34.21 140.2
31 890.25 65.94 0.9979 15.57 33.14
32 890.25 66.14 0.9979 15.57 33.14
33 528.18 38.18 0.9782 57.96 1266
34 393.43 27.85 0.9501 76.80 3833
9 2470.1 188.2 0.9760 1396 33510
36 856.91 64.25 0.8268 1564 270984
37 1596. 1 121.3 0.9440 1433 80241
38 428.46 20.89 0.8268 391.1 67746
39 - & - - -

40 - - - - -

41 1713.8 131.3 0.8268 6257 1083937

R6 JHEBMBELERINE3 ~K 5 Na,(BNT) (H,0), #4750 30 J1 2 Kb i 45 21

Table 6 Analysis results of the thermal decomposition kinetic data of Na, (BNT) (H,0), in Tables 3 —5 by logical choice method

B/K + min~! E/k) - mol ™! Ig(A/s™") r Q-10° d-10°
5 202.11 13.28 0.9967 1.030 3.360
10 204.68 13.48 0.9980 0.695 1.319
15 209.24 13.82 0.9959 1.303 5.382
20 200.74 13.14 0.9961 1.230 4.793
25 184.80 11.39 0.9973 0.850 2.290
Mean 200. 31 13.13
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3.8 AG™ AH™#1 AS"EREE

H 2 R (32) (33) MI(34) 841G T=T, =656.79 K,E=E, =191.31 kj - mol ' JA=A, =10""if,
Na, (BNT) (H,O), Uit R Y iE AL I ) 22 S 800 &1k A B BE AG™ =199.81 kJ - mol ™' iG {1k ks AH”
=185.85 k) - mol ™' | 3H{bi AS” = =21.26 ) - (K - mol) ',

Ah
AG” =E- RTIn(kT) (32)
AH” =E-RT, (33)
P =
A5 JAH” -AG (34)

TpO

Ak, &y Boltzman # %i,1.3807 x10 % J - K™'; h Jy plank #%4,6.626 x10 " )« s7',

i AS™{H, IE AH™ 1 AG™ H,36¥INa, (BNT) (H,0), 5 B4 iy % FAAKHTRE T -
3.9 FAREIMERAE

InA 5 ERZLMRRNIR 823 ) #AMERON . HBCH KRB N

InNA=aE+b (35)
Krf,a f b AMES L, a B mol -

36 1 EFIAE, AHHE(35) ﬁNaz(BNT)(H O)  JBCHRAY i I 1) Bl 7 2 R RN, Ty

InNA=0.1790E -=5.5953 (36)
BTRRRW A X E AR A5 B 4 M3 AT R (36) TME%H Eximrsys =189.34 kJ - mol =" Hi
A=10""% s T, Na, (BNT) (H,O), JH A i 52 17 o 2R 5 1 . H= 101352 4@ ~2277417
3.10 C.BRNFAFSHNEE
0% 2 4« =0.100 #| o, B9EHE: B.a,, T, %7’% 30} i=1,2,j, NS n G (C,B) BTy i
A (1 —a) (1 + K ya0) G

27 P SR
i, A Na, (BNT) (H,0), 4 C,B HARJy & « %ﬂom'“e'm“””“ —a)" (1 +11. 4a)

®7 Na,(BNT)(H,0), Bt n M (C,B) M3l 124
Table 7 The kinetic parameters of the n-order autocatalytic reaction (C,B) for the thermal decomposition of Na, (BNT) (H,O),

B/K + min~! E/k) - mol ™' lg(A/s™") n Keat
5.0 169.84 10.37 0.299 12.30
10.0 170.55 10.48 0.251 11.43
15.0 169.66 10.52 0.366 9.97
20.0 169.62 10.50 0.305 9.37
25.0 169.72 10.38 0.495 13.95
Mean 169.88 10.45 0.34 11.40

4 ZREHREE(T,)H Na,(BNT) (H,0), MIFFRMANBRENINNETAH

PREET PAYREEE (B Tois Teiorpin Qerorpin i =1,2,,5) , AT (14) ~ (22) 1338 8 Al b Jr 72 (1 3k
/\rrhenlussz)'JSzA H:lg(A,/s™ ) a.b Eff,fUxse a b Ef, AB7 7 (39) ~(47)" 143 9 i #ug ke
. HIrRGO)MENMN T, T M5 (40) ~ (47) Fifd iy T T HAAW) & A UEA TAESE 119
KH%@@%TE’J DSC il Ze %54 11550 /1 72 7% BB A B BCIA A3 i S i Arrhenius/9E Arrhenius 3 2 S 500 ik
BT
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®8 JHEERGIEMGFN Na, (BNT) (H,0), BRI SHIAE Arrhenius 8 ) 23 255"

Table 8 The non-Arrhenius kinetic parameters of the exothermic decomposition reaction of Na, (BNT) (H,O), obtained by an

overdetermined system method"

kinetic parameters Eq. (14) Eq. (15) Eq. (16) Eq. (17) Eq. (18) Eqg. (19) Eq. (20) Eq. (21) Eq. (22)
values of kinetic parameters obtained by data (8;, Ty;, T.;, @, i=1,2,---,L) in Table 1 and c =0
Ig(Ay/s™") 19.66 18.03 17.88 -245.95 16.25 -23.75 -143.7
El 0.5 0.5 0.5 49.98
b 0.003 0.0725 0.003 0.0732
E/k) - mol 7! 283.54 280.70 271.93 269.10
values of kinetic parameters obtained by data (8;, Ty, Tois @pis 1=1,2,--,L) in Table 1 and ¢ =0
Ig(Ay/s ") 16.90 15.26 15.10 -22.28 13.46 -21.08 -126.2
a 0.5 0.5 0.5 43.72
b 0.003 0.0627 0.003 0.0634
E/k) - mol 7! 250.50 247.64 238.65 235.79
values of kinetic parameters obtained by data (B;, To;, Ty, ap;, i=1,2,-+,L) in Table 1 and c=0.15
Ig(Ay/s™") 16.25 19.67
a 0.5
b 0.003
E/k) + mol ! 269.21 283.66
values of kinetic parameters obtained by data (B;, Ty;, Ty, i, i=1,2,-+,L) in Table 1 and ¢=0.15
lg(Ay/s™") 13.47 16.90
a 0.5
b 0.003
E/k) + mol ™! 235.89 250.61

Note: 1) a=0.5 and b=0.003 in Table 5 are setting values!'0].

9 JHFE AT BHALH AN Na, (BNT) (H,0), 0 HRKE i 7 i 1
Table 9 The critical temperature of thermal explosion of Na, (BNT) (H,O), obtained by data in Tables 8 and Tables 1

Eq. with T, Eq. without T
;r:’: °r PP Arrhenius non-Arrhenius Arrhenius non-Arrhenius
Eq. (39) Eq. (40) Eq. (41) Eq. (42) Eq. (43) Eq. (44) Eq. (45) Eq. (46) Eq. (47) Eq.(48) Eq. (49) Eq. (50)
The 661.31 661.32 661.30 661.32 661.68 661.32 661.30 661.68 661.49 671.86 671.49 671.74
pr 666.56 667.78 667.76 667.78 668.15 667.78 667.76 663.53 663.37 676.52 676.28 676.47
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A Method of Computing /Determining the Arrhenius /non-Arrhenius Kinetic Parameters of the Exothermic
Decomposition Reaction of Energetic Materials from Data of DSC Curves at Different Heating Rate

HU Rong-zu'”’, MA Hai-xia’, YAN Biao’, ZHANG Hai’, HAN Lu’, GAO Hong-xu', ZHAO Feng-qi', YAO Er-gang',
ZHAO Hong-an’

(1. Science and Technology on Combustion and Explosion Laboratory, Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. College of Chemis-
try, Northwest University, Xi'an 710069 , China; 3. Department of Mathematics/ Institute of Data analysis and Computation Chemistry, Northwest University , Xi'
an 710069, China; 4. College of Communication Science and Engineering, Northwest University, Xi'an 710069, China)

Abstract: A method of computing/determining the Arrhenius/non-Arrhenius kinetic parameters of the exothermic decomposition
reaction of energetic materials (EMs) was presented from initial temperature (T,), peak temperature (T,), conversion degree
(aeforpr') at T,

eior pi

and data (B;.T,,;, i=1,2,---,L) corresponding to isoconversation degree (a,) for DSC curves under different
constant heating rate (g8) conditions. The Arrhenius/non-Arrhenius kinetic parameters of the exothermic decomposition reaction of
sodium cis-bis(3-(5-nitro-1,2 ,4-triazolate tetrahydrate) [ Na, (BNT) (H,0), ] were obtained by this method. The critical tem-
perature of thermal explosion (T,) of [ Na,(BNT) (H,O), ] was calculated by the non-Arrhenius kinetic parameters obtained and
compared with the value of T, obtained by Arrhenius kinetic parameters. The validity and reliability of non-Arrhenius kinetic pa-
rameters of [ Na, (BNT) (H,O), ] obtained in this work were verified.

Key words: physical chemistry; exothermic decomposition reaction; non-Arrhenius kinetic parameters; energetic materials; con-
stant heat rate; DSC; critical temperature of thermal explosion
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