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Abstract — Effects of metal stearates on kinetics of first stage carbonization of PVC were studied on the
2 reaction mechanism of S + gG — g’G’ + 1R, that is, one gram of PVC (S) is decomposed to the g’ grams of
gas (G") and r gram of residue (R).
0 The reaction rate was obtained by analyzing the thermogravimetric curve measured under a constant
heating rate. Pure PVC has the reaction order of 3/2 with respect tc residual solid weight, while PVC with a
metal stearate has first order reaction. From these results, a new reaction mechanism is suggested to explain
the thermal decomposition of PVC with metal stearates.

As the oxygen concentration increases, all samples except for PVC with zice stearate has lower activation
energy and easily decomposes while PVC with zinc-stearate shows higher activation energy in the low oxygen
concentration range because the probable formation of zinc oxide suppresses the formation of zinc chloride
which accelerates dehydrochlorination.
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Table 1. The value of reaction order and acti-
vation energy of thermal decomposi-

tion of PVC with metal stearate.

. [tems N, 9%0, Air 33%0, 30%0, 7040, 100%0,
Sample

Reaction 2 3 3 a a2
order (n) 2 2 z 7z =z k3 El
PVC

Activation
energy (E) (32,7 28.8 21.5 25.7 247 215 4.7
(Kcal/gmole)

Reaction

order (n)

P-Ca

Activation
energy (E) |24.5 24 239 19 16.45 13.1 9.9
(Kcal/gmole)

Reaction

order (n}

P-Zn L
Activation
energy (B! | g4 116 117 124 148 86 84

(Kcal/gmole}

Reaction

order (n)

P-Ca/Zn Activation
energy (E, [13.6 7.46 4.8 4.76 293 272 268

(Kcal/gmcle)

Heating Rate 10C /min
Condition [

Metal Stearate 5 wt %
o] Eoll M MAH AEL AiAle At A
offut 2 Harjue JdBe) Kineticst AHthA 4t
Sof challAut 2Abskeiek Table 1o ZA1" A
#ANE o] FFEE ALk BAIgle] #4549
PVC¥ 3/2 2}, Metal Stearate 7} 35 PVC+ 1
apel ubgat4E vhelddch o] 7122 Metal Stea-
rate’} PVC ¢l d¥l mechanismol oj®l  oddk&
) g o+ AUk

Fig. 1 & #4-38 PVC, Calcium Stearate & &

g PVC, Zinc Stearates 3-%3 PVC, Calcium 3}
Zinc Stearate® 72 v]§32 {3 PVC o AH

Ay aeg-

w . T dT
chA| dRs] zpAol ek Alog )(9+ Alog X
9] “‘:’_"ﬁl\—‘:" (11) é}on _g]g}ﬂd Z_“Ad O] 5—]0‘] 0': 6]“43

HWAHAK KONGHAK Vol. 23, No. 5, October 1985



284 A
100
80
60 -
40 I~
20r
L 1 L L
50 100 500 1000
(a)
60
0r
201
<
~ L I i 1
?.é|[" 10 50 100 500 1000
'° (b)

Alog (-

o>
(=)

20

50 100 500
(c)

60 |-
40

s o 1 i i 1 1
50 100 @ 500 1000 2000
d

(A (1/T)/AlogX]) X 10°
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versus Alog(—dX/dT)/Alog X for four

samples,
(a) : pure PVC, (b) : P-Zn,
(c) . P-Ca, (d) : P-Ca/Zn.
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NOMENCLATURE
C : char produced in second stage carboni-
zation
¢ : stoichiometric coefficient for char
E activation energy (Kcal/gmole)
G : gas supplied for first stage carbonization

(c¢/min)
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stoichiometric coefficient for gas G
evolved gas during first stage carboni-
zation (cc/min)

stoichiometric coefficient for gas G’

rate constant

frequency factor

rate constant defined in eq. (7)

rate constant of the reaction (12)

rate constant of the reaction (13)

rate constant of the reaction (14)

rate constant of the reaction (15)

rate constant of the reaction (16)

heating rate (°C/min)

gas constant

solid to be carbonized (g)

temperature (°K)

time (min)

weight fraction .of solid to be carbonized
concentration of gas G

concentration of the argument A
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