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Abstract

The combustion reaction of polyvinylchloride(PVC) was investigated using a thermogravimetric technique
under an air atmosphere condition at several heating rates from 10 to 50C/min. To obtain information on the
kinetic parameters, the dynamic thermogravimetric analysis curve and its derivative were analyzed by a variety
of analytical methods such as Kissinger, Friedman, Chatterjee-Conrad, Ozawa and Coats—Redfern methods. The
combustion reaction of PVC proceeded in two steps; the first step was caused by the dehydrochlorination
process in PVC, and the second step by the combustion of polyene. The comparative works for the kinetic
results obtained from various methods should be performed to determine the kinetic parameters, because there
are tremendous differences in the calculated kinetic parameters depending upon the mathematical method taken

in the analysis.
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Item Condition
Scan temp. Room temp. ~ 1000T

Heating rate 10, 20, 30, 40, 50°C/min

Purge gas Air (02 21%)
Purge rate 30mL/min
Sample weight 10+1mg
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——e e 50°C

300 400 500 8O0 700 300
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—————— 20°C min
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Temperature ( T)
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(E : Activation energy, r2 : Correlation coefficient)

Step E [k]/moll 1
Ist step 307.87 0.649
2nd step 120.22 0.894
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E © Activation energy, 12 : Correlation coefficient)

10 Cmin
201°CAnin

T 2=l BN

30°C/min
40 CAamn
S0°CAnin

In(der/dt)-nlng 1-c2)

4 4 2nd step (0.63<00.9) Lt step (0. 1<0v<0.6)

0.9 1.0 1.1 1.2 13 1.4 1.5
1000°T (K™

<219 4> Chatterjee-Conrad ol 23 =

<& 4> Chatterjee-Conrad Wl 23] Aikel
A3} A] (n @ Order of reaction, 3 : Heating
rate[ C/min], E : Activation energyl[kJ/mol],
12 . Correlation coefficient)

Step a | E [kJ/mol] P

0.1 222.45 0.981

0.2 385.52 0.985

Ist step 0.3 361.72 0912

0.4 319.19 0.924

05 264.26 0.982

0.6 157.94 0.842

Average 285.18 0.938

0.65 176.11 0.592

0.7 89.87 0.783

ond 0.75 81.73 0.864

step 0.8 85.43 0.905

0.85 65.30 0.802

0.9 73.99 0.945

Average 95.40 0.815
e 01<a<069! A HA @Ale] A3

Hi gk 28.18k)/mol, ¥ WAl A= 9540k]/mol =
Kissinger el o3 el A sloluR]et nlwE)
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ABE Hol A HA GAlE o] Whe] # Hawr)
NI g% )=

4.2.3 Chatterjee-Conrad ol ¢]3t s)jA
Chatterjee-Conrad ¥l 98] dAawrg EAS 3
Aab7] el ln(da/dt)—nIn(1—a)t 1/79 7
AL EAFoEX A UAE et <y
Pofl= WSAlE n=1549 wo A2
B ia, Zzhe] dhgalaeet 7 é—T— ol A ef &zl
Y= <§L 4>o JePRITE ol e slgdEol
Chatterjee-Conrad ol A= AHH wkg-xk4 & 7}

n ﬁ 1st step . 2nd step ,

E r E T
10 263.72 0.984 147.16 0.981
20 157.97 0.94% 104.17 0.855
05 30 142.50 0.979 83.09 0.985
’ 40 219.90 0.906 89.33 0.989
50 213.09 0.924 98.94 0.948
Avg. 199.44 0.948 104.54 0.951
10 279.18 0.977 199.04 0.971
20 218.41 0.972 12712 0.994
10 30 176.67 0.986 129.03 0.997
’ 40 238.70 0922 137.35 0979
50 263.64 0.962 131.03 0.987
Avg. 235.32 0.964 144.71 0.986
10 322.67 0.989 206.19 0.988
20 232.63 0.978 180.00 0.988
15 30 218.99 0.990 175.01 0.997
’ 40 290.49 0.956 185.24 0971
50 314.27 0.981 163.20 0.998
Avg. 275.81 0.979 181.93 0.989
10 341.21 0.981 363.40 0.979
20 264.63 0.978 268.79 0.993
20 30 261.23 0.991 204.03 0.990
’ 40 268.96 0.913 233.21 0.966
50 327.24 0.963 185.65 0.995
Avg. 292.65 0.965 251.02 0.985
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<a<09)9 Hit FFNIAAE ZHzE 26447k ]/mol
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Ozawa WYL A8 7Md&moe Adge ol
sto] doje] HhgolAe FAFNASE F& = )
o o] gloy Wk E el gojA] ol
0] k= ol Y17

l

O

1.8
* L] e o =01
o o.=02
161 4 | =03
a o=04d
A g=03
1.4 4 A g =6
= ® o =003
&b o =07
1.9 4 ® ¢ =073
B oo=08
& g=085
* =09
1.0 4 *AHOO
2nd step (0,63 7a0.9) Ist step (0. 1adg)
[eR< T T T T T
1.0 1.1 12 1.3 1.4 1.5

1000 T (K
<I9 5> Ozawa 2ol &3k g =
<& 5> Ozawa el 93] Axke Hehgol wpe

A3l A] (o : Fractional weight loss,
E © Activation energy, 12 : Correlation coefficient)

Step o E [kJ/moll r
01 189.81 0.995
0.2 226.61 0.997
1st 0.3 282.62 0.990
step 0.4 308.92 0.967
05 306.82 0.965
06 272.06 0.998
Average 264.47 0.985
0.65 179.78 0.988
0.7 161.28 0.981
2nd 0.75 13875 0.971
step 0.8 127.27 0.973
0.85 118.61 0.978
0.9 107.74 0.976
Average 138.91 0.978

A2 4

13 4

14

-16

n=1.5

i

Il step (0.63-00.9)

Lst step (0]

® O m O @

<g0.6)

«no

10°C min
20°CAnn
30°C
40°C min
30°Cnin

095

<% 6> Coats—Redfern

100 105 110 145 1200 126 130 135

1000:T (K

-1

)
Holl 28k gz

<3t 6> Coats-Redfern ¥l 23 Axkd
A3t =] (n : Order of reaction, 3 : Heating
ratel ‘C/min], E : Activation energylk]/mol],
12 © Correlation coefficient)

T 1st step 2nd step

" s E . E r
10 185.09 0.974 51.31 0.971
20 226.34 0.990 36.12 0.980
30 226.34 0.990 2711 0.992
0 40 283.06 0.951 28.02 0.993
50 288.05 0.961 21.82 0.970
Avg. 241.78 0.973 32.88 0.981
10 202.75 0.965 88.11 0.971
20 248.09 0.994 64.87 0.994
10 30 244.13 0.988 50.91 0.983
40 310.96 0.961 52.40 0.983
50 316.19 0.970 42.95 0.972
Avg. 264.42 0976 59.85 0.981
10 221.68 0.994 137.06 0.981
20 271.43 0.997 103.17 0.998
15 30 267.39 0.993 82.59 0.994
40 340.96 0.990 84.85 0.984
50 346.46 0.977 71.08 0.979
Avg. 289.58 0.990 95.75 0.987
10 241.88 0.973 197.26 0.963
20 296.35 0.998 150.30 0.982
30 292.24 0.996 121.56 0.967
20 40 373.06 0.977 124.76 0.968
50 378.83 0.963 105.70 0.958
Avg. 31647 0.981 139.92 0.968
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Activation energy [k]/mol]

Method
1st step 2nd step
Kissinger 307.87 120.22
Friedman 285.18 95.40
Ozawa 264.47 138.91

B=10 p=20 p=30 p=40 pB=50 | B=10 pB=20 pB=30 B=40 pB=50

322.67(232.63 | 218.99

290.49 | 314.27 | 206.19 | 180.00 | 175.01 | 185.24 | 163.20

Chatterjee-Conrad (n=15)

Average : 275.81 Average : 181.93
221.68|271.43 |267.39 | 340.96 | 346.46 | 137.06 | 103.17 | 82.59 | 84.85 | 71.08
Coats-Redfern (n=1.5)
Average : 289.58 Average : 95.75
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