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Study on Thermal Decomposition Kinetics of N,N"-Bis-
(5,5-dimethyl-2-phospha-2-thio-1,3-dioxan-2-yl) ethylene diamine

REN, Yuan-Lin* CHENG, Bo-Wen ZHANG, Jin-Shu
(Tianjin Municipal Key Laboratory of Fiber Modification and Functional Fiber, Tianjin Polytechnic University,
Tianjin 300160)

Abstract The thermal decomposition kinetics of the N,N’-bis(5,5-dimethyl-2-phospha-2-thio-1,3-di-
oxan-2-yl) ethylene diamine (DPTDEDA) in N, were studied by TG-DTG techniques. The kinetic parame-
ters, including the activation energy and frequency factor of the decomposition process for the title com-
pound were calculated through the Kissinger and Flynn-Wall-Ozawa(FWO) method and the thermal de-
composition mechanism of DPTDEDA was also studied with the Satava-Sestak method. The results show
that the activation energy and pre-exponential factor are 137.37 kJemol ' and 1.45X 1012 s ' with the Kiss-
inger method and 139.83 kJemol ' with the Flynn-Wall-Ozawa method respectively. The thermal decompo-
sition mechanism of DPTDEDA is phase boundary reaction and the kinetic equation can be expressed as
G(a)=1—(1—a)", and the reaction order is n=4.

Keywords N,N-bis(5,5-dimethyl-2-phospha-2-thio-1,3-dioxan-2-yl)ethylene diamine; thermal decompo-
sition kinetics; activation energy; mechanism
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Figure 1 TG curves of DPTDEDA in N, at different heating
rate
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Figure 2 DTG curves of DPTDEDA in N, at different heating
rate
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Table 1 The base data of the kinetics of TG

T 141:(52/1?:;;/25 FWO i
eminy K xioy PO

10 5754 174 —1041 1

20 5920 169 —9.77 1.301

30 5978 167 —9.39 1.477

40 6003 1666 —90.11 1.602
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Figure 3 Plots of In(f/ T} )-1/Tp by Kissinger method (a) and
lg -1/T by FWO method (b)
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Table 2 30 Types thermal decomposition mechanism function

BT S W TR ML R EL, flo) AR B KL, Go)
1 120" o’
2 —[In(1—a)] ! at+(1—a) In(l1—a)
3 32[(1—a) B—17" (1—203)—(1—a)*?
4,5 3m(1—a) [1—(1—a)"1 " Y (n=2, 1/2) [1—1—a) """ (n=2, 1/2)
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17~22 Un(1—a) " D (m=1/2,3,2,4, 1/3, 1/4) 1—(1—a)" (n=1/2,3,2,4,1/3, 1/4)
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Table 3 The 9 kinetic equations and the results of Satava method (8= 10, 20, 30, 40 Kemin")
G(a) B E Ig 4s R SD [(Eo—Es)/Eo| [(lg As—lg Ax)/1g Ak|
9 10 149.50 13.00 —0.9977 0.0259 0.0692 0.0691
17 149.84 12.71 —0.9875 0.0599 0.0760 0.0452
18 141.37 12.67 —0.9982 0.0213 0.0110 0.0419
19 144.04 12.76 —0.9980 0.0229 0.0301 0.0493
20 138.72 12.52 —0.9983 0.0206 0.0079 0.0296
21 148.89 12.45 —0.9975 0.0260 0.0648 0.0238
22 148.09 12.26 —0.9985 0.0224 0.0591 0.0082
23 146.74 12.72 —0.9978 0.0242 0.0494 0.0461
29 152.40 13.28 —0.9974 0.0278 0.0899 0.0921
9 20 170.58 14.63 —0.9911 0.0501 0.2199 0.2031
17 171.58 14.41 —0.9847 0.0663 0.2271 0.1850
18 161.20 14.20 —0.9911 0.0471 0.1528 0.1678
19 164.28 14.32 —0.9911 0.0430 0.1749 0.1776
20 158.14 14.03 —0.9909 0.0468 0.1309 0.1538
21 169.81 14.09 —0.9907 0.0510 0.2144 0.1587
22 169.46 13.93 —0.9909 0.0557 0.2119 0.1456
23 167.39 14.32 —0.9911 0.0490 0.1971 0.1776
29 173.89 14.98 —0.9909 0.0515 0.2436 0.2320
9 30 160.13 13.63 —0.9986 0.0197 0.1452 0.1209
17 160.86 13.63 —0.9908 0.0512 0.1504 0.1209
18 151.25 13.66 —0.9982 0.0213 0.0817 0.1234
19 154.17 13.65 —0.9984 0.0207 0.1026 0.1225
20 148.37 13.67 —0.9980 0.0221 0.0611 0.1242
21 159.47 13.63 —0.9986 0.0198 0.1405 0.1209
22 158.92 13.29 —0.9988 0.0207 0.1365 0.0929
23 157.10 13.70 —0.9985 0.0201 0.1235 0.1266
29 163.27 14.31 —0.9987 0.0198 0.1676 0.1768
9 40 152.08 13.65 —0.9965 0.0313 0.0876 0.1225
17 154.63 13.52 —0.9929 0.0451 0.1058 0.1118
18 145.20 13.67 —0.9990 0.0162 0.0384 0.1242
19 127.97 13.73 —0.9989 0.0167 0.0848 0.1291
20 142.47 12.68 —0.9989 0.0162 0.0189 0.0428
21 150.95 12.66 —0.9968 0.0300 0.0795 0.0411
22 150.79 12.66 —0.9968 0.0297 0.0784 0.0411
23 147.73 12.66 —0.9969 0.0290 0.0565 0.0411
24 154.56 13.65 —0.9969 0.0301 0.1053 0.1225
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