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Abstract The most serious thermal decomposition process of CYHPO cyclohexanone peroxide
is investigated by accelerating rate calorimeter ARC . The curves of thermal decomposition
characteristic parameters versus time for the systems are obtained. The reaction kinetic parameters
are calculated by the rate constant method. Modified by the thermal inertia factor the temperature
related parameters at the worst condition is obtained which can reflect the intrinsic thermal hazard
of CYHPO. Based on reaction kinetic parameters and Semenov thermal explosion theory the
thermal hazard parameters such as TMR,, 6 SADT which are crucial in industry are
calculated. It is proved that the influence of instrumental error of ARC on the results can be
neglected. The loading quality of CYHPO should not be exceeding 25 kg and the optimal package
is type K for this kind of package the control temperature and emergency temperature should be
lower than 59. 7 C.

Key words cyclohexanone peroxide CYHPO  accelerating rate calorimeter ARC  thermal
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Table 2 Measured thermal decomposition
characteristic data of CYHPO
1 2 3
1
m/g 0.3427 0.3523 0.5016
6, /C 75.98  77.05 70.36
0/ C 132.15 147.88 154.18
CYHPO AG, /T 56.17  70.83  83.55
1.
1 do/de , ./ C min”' 0.038 0.038 0.023
Table 1 Testing conditions
do/dt ./ C min”' 36.563 54.026 66.699
1 2 3
m/g 0.3427 0.3523 0.5016 6. /T 13215 125.95 137.38
m,/g 17.9462 17.9466 17.9471
. 181.3 172.01 299.9
foax o/ TN
e/ kb ke ! K 0.523 0.523 0.523
¢/ kKFkg' K 1.53  1.53  1.53 0.02 C- min™'
/C 60 60 60 CYHPO -
s/ C min™' 0.02 0.02 0.02 1 2
3 - ARC
3 1 2
2. 2 3 172.01 min 299.9 min
3 0.038 54.03 - min™'
0.038  0.023 C min"' 66.7 C- min "’ 125.95 C
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137.38 C 0.038 ~4.689 C min~'
172. 83 min 300. 31 min 3 - 70. 36
147.88 C 154.18 C ~110.69 C
10.46 C- min~" 34.15 C min~"' . 1 0.023 ~ 6.187 C min ™' .3
181.3 min 74. 46
36.563 C min "' 132.15 C T3 110.63 C
1 74.46 C 110.63 C
1 CYHPO
2 3 Arrhenius
: 1 2
- 75.98 ~111.5 C
0.038 ~ 6.653 C min "' ’
2 _ 3.
77.05 ~109.7 C
3
Table 3 Calculated kinetic parameters
/g n=1 n=2 n=3 /C
0.3427 0.995 03 0.993 53 0.992 09 75.98 ~111.5
0.3523 0. 998 06 0.997 76 0.997 39 77.05 ~109.7
0.5016 0. 998 62 0.998 33 0.997 97 70.36 ~110. 69
0.3427 56.3 66. 4 76. 6 75.98 ~111.5
InA 0.3523 53. 4 60. 4 67. 4 77.05 ~109. 7
0.5016 53 58.9 64.8 70.36 ~110. 69
0.3427 -22241.3 -25820.2 -29399.2 75.98 ~111.5
-E/R 0.3523 -21298. 1 -23771.3 -26244.5 77.05 ~109.7
0.5016 -21080. 1 -23109. 4 -25138 70.36 ~110. 69
. . ™R, =K 1
1 E, “70 6 E,
184.9 177.1 175.3 kF mol ™ InA 4 CYHPO
56.3 53.4 53 min"". Table 4 Modified thermal decomposition
CYHPO characteristic data of CYHPO
® 1 2 3
4 ¢ 18.9 18.41 13.23
' 8,/ C 60.6 60.1 56.5
4 3 0.,/ C 1122.2 1382 1165.5
CYHPO Ag,,/C 1061.6 1322.6 1109
856 C min " do/dt ,/ €min™" 0.7182 0.7 0.304
1223C 46/d ./ C min”! 691 994.9 882.5
59.1C
0. /C 1122 979 945
3 . 165.7 156.6 279.2
£ e/ TIN
3.1 TMR,, Arrhenius
Townsend TMR,, 7 0 6
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Fig. 3 Comparison of TMR,, determined by experiment
and simulation

3 TMR,,
6 TMR,,
TMR,,
3
6 TMR,, 5.
4 56.5 C TMR,,
4.65h 5 CYHPO 56.4 C

TMR,, 4h .
TMR,, =8 24 h
ADT, ADT,,
52.6 C ADT,, =46.7 C
CYHPO

ADT, =

5 TMR,
Table 5 Simulated TMR,, and its temperature

TMR,/h 72,7 48 24 12 8 4 2

6/C 41 43.1 46.7 50.4 52.6 56.4 60.4

3.2 SADT CT ET

r
_mc, 7
=TS
Semenov Ok Oxr
SADT !
0 Ed Aaad A ( Ea ) 8
=——— T1Aexp| -
NR R R HNR
R 6;
SADT =6, —273 —E—NR . 9
8 Matlab
CT ET SADT !

CT =SADT -20 ET=SADT-10 SADT<2 C
CT =SADT -15 ET =SADT -10 20 <SADT<35 C

CT =SADT-10 ET=SADT -5 SADT>35C.
10
SADT Dewar test DWT
25 kg 0.481 2 m’
Uinosie = 2.838 6
W/ m* K °.
0.5W/ m K CYHPO
K B
3 mm U=4.8544
W/ m* K 0w SADT
CT ET 6.
1-~3
UN25 kg 6y SADT 3
9 SADT 65 C
64.7 C ) K

25 kg
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CYHPO SADT =69.7 ~ K CYHPO
70.7 C. B 25 kg K
SADT B SADT
6
Table 6 Simulated thermal hazard parameters for different packages
/L / x /m /m’>  7/min  6w/C SADT/C CT/C ET/C

UN 25 kg” — — 0.4812 466 70 64.7 54.7 59.7

UN 25kg™ " — — 0.4812 466 70 64.5 54.5 59.5

UN25kg™ "~ — — 0.4812 466 70 64.4 54.4 59.4

18 0.266 m 0.334 0.5579 169. 5 76 70.2 60. 2 65.2
K 20 0.270 m 0.36 0.6104 172.1 75.5 69.7 59.7 64.7
25 0.317 m 0. 447 0.8899 147.6 76.5 70.7 60.7 65.7
5 0.17 m x0. 125 m 0.27 0.1593 164.9 76 70.2 60. 2 65.2
B 20 0.30 m x0.25 m 0. 387 0.4257 246. 8 73.5 67.8 57.8 62.8
25 0.29 m x0.29 m 0. 402 0.466 3 281.6 73 67.3 57.3 62.3
* ok k% k% 1 2 3
4 710 -714.
3 3
I 2005 22 1 1-4.
Sun Zhan-hui Wang Yu Sun Jin-hua. Evaluation of
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Arrhenius 1 . Chinese Journal of Applied Chemistry 2005 22 1
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5 Grewer T Fruip D J Harrison B K. Prediction of thermal
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3 Semenov D 2002
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