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Abstract: Thermal degradation behavior of CR (chloroprene) —modified NR (natural rubber) compounds,
having different sulfur/accelerator compositions, was studied by non—isothermal TGA method. Data
were analyzed using both Kissinger and Flynn—Wall—Ozawa analysis to assess the activation energies.
Activation energy obtained from Kissinger analysis was 147.0+2.0 kJ/mol for all samples, showing little
effect of sulfur/accelerator composition changes in the samples. On the other hand, activation energy
from Flynn—Wall-Ozawa analysis exhibited much variations with conversion, showing average value
of 211.6£19.0 kJ/mol. From the results, it was considered that whole thermal degradation processes
of the samples were composed of complex multiple step processes, of which reaction mechanisms were
different from each other.
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Table 1. FMB Formulation Obtained by Roll Mixing with the
Base CMB

) ) Contents (phr)
Funct h
tpetion Chemicals Samplel Sample2 Sample3 Sampled
Thiurams 1.0 1.0 1.0 1.0

Sulfen amides 3.25 3.05 2.95 2.8
Dibenzol thiazyl
disulfide 0.5 0.5 0.5 0.5
Cross—linker Sulfur 0.50 0.70 0.80 0.95

Accelerator
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Figure 1. TGA thermograms for the samples with several different heating rates.
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Figure 2. DTG thermograms for the samples derived from Figure 1.
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Figure 3. Peak temperature, at which maximum reaction rate
occur, for the samples as a function of heating rate.
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Figure 4. Kissinger plot of TGA results, showing that the acti—
vation energy of degradation may be obtained from the slope.
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Figure 5. Flynn—Wall—Ozawa plot of TGA results for Samplel,
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Table 2. Activation Eenergies for the Samples at a Constant Con-
version Obtained from Flynn-Wall-Ozawa Analysis

Conversion Activation Energy, &, [k]/mol]
(o) Samplel Sample?2 Sample3 Sample4
0.05 124.19 123.48 189.87 141.72
0.10 156.85 17252 204.44 171.69
0.15 155.99 195.52 213.72 191.33
18241 19097 21081 18914
18241 19388 21409 = 19989
19442 21918 22974 216.09
21463 23957 . 26870 240.30
0.40 24758 249.40 310.57 276.89
a
od | 5 Samee)
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Figure 6. Activation energy variations of the samples as a
function of conversion obtained by Flynn—Wall—Ozawa analysis.
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Appendix: Flynn—Wall-Ozawa?l 9] §%

Flynn—Wall—Ozawaell &Jgt slaPbHe A 3)lgol o]z
Lot MZ UL 524% o9 252 A =4 4849 )
& F3lo REgEAs) olix|g} wksAEE ARIRE S Q= AHo) g)
Ch'® mAge] nEAISe] AMECE aA(s)—bB(s) +cClg) 9] ¥
oz FRANFS-S Loty 719 v, L5o) upE ARFHES
< 29 4 (AD SE BAE &= Qlek

da da - L
—=g——==Ae *Tf
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N7, A f&), B} &= ol Faksia w5 A% B aoll st
thar 7Fgei, el gJsled A (AD S Hskg 0oME o7t
A ARehd 4 (A2)F A9t

_edx T B
Fla)= jo” —rg = A jﬁ(a BRTYG T

Eq

~(AE./aR) e/ (E, /RT)+ [ e ) dx)
~(AE,/qR)N(E,/RT) (A2)

AN, x=B/RTOITE A2 Toode) Aje] sk FAJe 1
sh1z ool 218 Hehd ohe ) o] EaE 5 Yok

=clM, #3379 A53%, 20094

HRTES

log Fla)=log(AE,/R)—log g+ p(E,/RT) (A3)

@8, Doyle 4 (A3) A (E,/RT)220% 3%+
log p(E,/RT)E TH] A (A0S Zo) 5 5 ka8
sy

o rlr

log (E,/RT)=2.315—0.457(E,/RT) (A4)
ulebd, A (A3) &= U] 4] (AD) 9 Zo) EA1E & ik
log Fla) =log(AE,/R)—log q—2.315—0.457 (E,/RT) (AD)
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