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Abstract— The kinetics of the pyrolysis reaction over three kinds of dialkylperoxides were investigated at temperatures
353.15-453.15K and at pressure 1013.3 hPa in the modified adiabatic bomb calorimeter. The pyrolysis reaction has been car-
ried out using the very-low-pressure pyrolysis technique(VLPP) in the presence of helium gas. The pyrolysis reaction rate
constants were determined to be 7.482%x 10 *s ' for di-methyl peroxide(DMP), 7.980x 10 *s ' for di-ethyl peroxide(DEP)
and 3.155x 10 *s ' for di-tert-buty!l peroxide(DTBP) at 453.15K. In addition, the pyrolysis reaction rate of dialkylperoxides
were found to be apparently 1st order over 353.15K and its activation energies was determined by Arrhenius plot. From
this results, the Arrhenius equations are as follows:

Koona=3.079 % 10" exp( - 152.832k]/8.314T) (DMP)

Kymi=7.938 % 10" exp(- 156.109k]/8.314T) (DEP)

Kyoni=7.568 % 10" exp( - 159.419kJ/8.314T) (DTBP)

It has been also shown that the free energies of activation were 191.991 kJmol™ for DMP, 198.836 kJmol™' for DEP and
201.965 kJmol™ for DTBP at 453.15 K. Therefore, the activation energies and free energies of activation for the O-O bond
dissociation of dialkylperoxides were found to be increased in the order of DMP < DEP < DTBP from the reaction system.
This results can be used to develop an industrial application process aiming for high productivity and rational safety guard.
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Table 1. Summary of decomposition rates and activation energies of dialkyl peroxides in the literature

Parameter . o -1 ) -1
Workers Peroxides Solvent T(C) kds™) E (kJmol ) References
Hanst et al. Dimethyl peroxide vapor TIK] 1.6x 10" exp(-147.7kJ/RT) 10,11
Takezaki et al. Dimethyl peroxide methanol TK] 4.1x 10" exp(-153.9kJ/RT) 11,12
Pryor et al. Diethyl peroxide styrene 60 1.2x107 1473 11,13
Harris et al. Diethyl peroxide vapor 140.2 1.75x 107 131.8 14,15
Rebbert et al. Diethyl peroxide vapor(toluene) 200 358%10° 132.6 16
Huyser et al. Di-tert-butyl peroxide benzene 120 1.10x 107 147.7 17
Offenbach et al. Di-tert-butyl peroxide styrene T[K] 2.8x10" exp(-146.4kJ /RT) 18
Lossing et al. Di-tert-butyl peroxide vapor(He) 280 7.7 1548 11,19
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Fig. 1. Schematic diagram of pyrolysis apparatus.

1. Helium gas 9. Pressure gauge

2. Three-way valve 10. Safety valve

3. Fine needle valve 11. Hot wall heater

4. Solenoid valve 12. Sample injection port

5. Pressure generator 13. Digital thermometer

6. Rotameter 14. Syringe pump

7. P.ID. controller 15. Gas chromatography(TCD)
8. Thermocouple
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Fig. 2. Rate constants as a function of pyrolysis temperature for
DMP, DEP and DTBP(DMP: C, DEP: (1, DTBP: A).
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Fig. 3. Arrhenius plot for pyrolysis in DMP, DEP and DTBP(DMP:
O, DEP: [0, DTBP: A).
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Table 2. Rate constants at various pyrolysis temperatures for DMP,

Table 4. Internal energies of activation at various pyrolysis tem-

DEP and DTBP peratures for DMP, DEP and DTBP
Pyrolysis 1/Tx10° Ky X 10%s ' Pyrolysis AU [kJmol ']
temperature("C) (K™ DMP DEP DTBP temperature("C) DMP DEP DTBP
80 2.833 0.007720  0.006353  0.001900 80 146,960 150.237 153.547
100 2.681 0.1250 0.1101 0.03600 100 146.627 149.904 153.214
120 2.545 1.531 1.426 0.4931 120 146.295 149.572 152.882
140 2.421 14.72 14.42 5.236 140 145.962 149.239 152.549
160 2.309 114.8 117.5 44.67 160 145.630 148.907 152.217
180 2.208 748.2 798.0 3155 180 145.297 148 374 151.887

Table 3. Entropies of activation at various pyrolysis temperatures
for DMP, DEP and DTBP

Table 5. Free energies of activation at various pyrolysis tempera-
tures for DMP, DEP and DTBP

Pyrolysis AS[Jmol 'K ] Pyrolysis AG [kImol ']
temperature('C) DMP DEP DTBP temperature( 'C) DMP DEP DTBP
80 88.486 96.359 95.960 80 184.081 190.138 193.307
100 88.029 95.9(2 95.503 100 185.680 191.805 193.056
120 87.596 95.470 95.071 120 187.270 193.643 196.796
140 87.181 93.054 94.655 140 188.851 195,381 198526
160 86.790 94.663 94.264 160 190.425 197.112 200.249
180 86.416 94.289 93.890 180 191.991 198.836 201.965
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(1) 453.15Kell4] &8 vhS-E 5 5= DMPE 7.482x10 s |,
DEP 7.980x 10 s ™' z18]. 3 DTBP+= 3.155% 10 *s 'o]ic}h.

(2) DMP$} DEF 18] 7 DTBP2] ArrheniusA]-& ch2-3) zgic).

Ky on=3.079 % 10" exp(~ 152.832k]/8.314T) (DMP)
Ky a=7.938 X 10" exp( - 156.109kJ/8.314T) (DEP)
Kios=7.568 X 10" exp(— 159.419kJ/8.314T) (DTBP)

(3) 453.15Ko) 4 FF 843} AF§oll i 2]i= DMPE 191.991 kimol ',
DEPX= 198.836 kJmol ' 28] 2 DTBP= 201.965 k¥mol ‘'o]¢ich.

4) $1 A4 g aabslERe] A& 243 urie)
YA} Aoz = G A7)l apelbs] W Esle, DMP<
DEP < DTBP2| 4] & Z7}sbgdc).

AlE7|12
A :frequency factor [s ']
E, :activation energy [kJmol ' K ]

AG’  :free energy of activation {kJmol ']

AH'  :enthalpy of activation [kJmol ']

K :equilibrium constant of activation [-]

k, :decomposition rate constant [s™']

kyma :experimental decomposition rate constant {s ‘]
K. :thearetical decomposition rate constant [s ']
An  :mole change of reaction [-]

R :ideal gas constant [kJmol ' K ']

AS"  :entropy of activation [kJmol 'K ']

T : absolute temperature [K]

AU’ :internal energy of activation [kJmol ']

b = [ Eo
h : Planck constant [Js]
k : Boltzmann constant [JK ']

AHAL

* : activation condition

gk

[Qk
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