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Analysis of Thermal Degradation Process of Commercial
Rubber for Environmentally Benign Process

Hyung Jin Kim - Soo Kyung Jung
Dept. of Environmental & Civil Engineering, Kimpo Coliege, Kimpo 415-870, Korea

Abstract

The kinetic analysis was carried out for commercial rubbers such as NR, IR, BR, SBR
1300, and SBR 1700. Kinetic analysis for the commercial rubbers was performed using the
thermogravimetric method, with which the activation energies of NR obtained by Kissinger,
Friedman, and Ozawa’s method were 1950, 1983, and 186.3kJ/mol, whereas that of SBR 1500
were 2464, 247.5, and 254.8k]J/mol, respectively. It was shown that the vield of pyrolytic oil
was generally increased with final temperature increasing, vet slightly decreased or increased
over 700°C. Considering the effect of heating rate, it was found that the yield of pyrolytic ol
was not consistent for each sample. The number average molecular weight of SBR 1500 was
in the range of 740~2486. The calorific value of SBR 1500 was 39~40k]/g, which were
made comparative study of the conventional fuel such as kerosene, diesel, light fuel, and
heavy fuel. Therefore it was essential that the selection of the suitable kinetic model and the
mathematical solution because of the difference in parameters obtained from each method It
was proposed that the range of 600~7007C in final temperature and high heating rate due to
short run time. It was suggested that the pyrolytic oil be available to use to the fuel,
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Table 1. A Series of Methods for Thermogravimetric Analysis®

Method Equation X-axis Y-axis
8 _ AR\ _E
. e = (%) - %z, . s
Kissinger T, : Temperature at maximum conversion T 75,
B Heating rate
: _dx ]y _ L _L dx
Friedman m( dt)—InA-i-nln(l x) — E/RT L ln( a,t)
log F{x) |
O N
e = log(42 )~ logg—2.315 - 0L T log 5
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1. Cylinder -

3. Metering valve
5. Furnace

7. Cooling trap

9. Wet gas meter

2. Forward pressure regulator
4. Ceramic boat

6. Temperature controller

3. Vessel

Fig. 1. The schematic diagram of pyrolysis apparatus.
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Fig. 2. Kissinger plots of commercial rubbers
degraded in nitrogen with heating rates.
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Fig. 4. Ozawa plots of NR(a) and BR(b) de-
graded in nitrogen with heating rates.
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Table 2. Activation energy determined using various analytical methods

Method Fractional NR R” BR SBR 1500  SBR 1700”
Loss (k]/moal] [kJ/mol] [kJ/mol] [kJ/mol] [k]/moll
Kissinger 195015 181.785 261.816 246.429 239.919
01 194811 196.593 446.985 257.032 49,054
0.2 178678 211.016 236.371 299.212 72.316
0.3 181.733 214.494 250.206 267.669 135.260
04 208,985 213.330 260924 290.336 190.762
. 05 224955 233.385 269.930 217517 256.715
Friedman
06 217134 257.038 262.438 232.292 199.266
07 227.113 293.4%4 254.754 233075 231.924
08 240582 307977 241.934 225492 227019
09 110.899 221592 217.062 206.188 214635
Average 198.321 239.324 271.168 247535 175.216
0.1 143.413 201.590 332358 236.025 50,773
0.2 169.866 204.590 351.209 293.606 58.233
0.3 185,987 207.143 293703 283.203 89.232
0.4 187.205 207.343 268.234 280.760 136.262
Ogawa 05 201.582 211.153 285295 266.510 199.770
06 195115 219.598 277.496 245534 219.809
0.7 202.184 235.480 264.751 239,739 220.858
0.8 216.961 266.972 253.479 233.705 222036
09 169.565 260.984 240547 224,087 220.120
Average 186.320 223.872 286.342 254.79% 157.458
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Fig. 5. Comparison of rate constants for com-
mercial rubbers with Friedman method.
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Table 3. Composition of pyrolytic oil from SBR

1500 at 700C

Compound MW — Heating Rate[ C/min]

v 20 40 %

Benzene 8 03 -, - 08

Toluene 92 172 178 71 127

Styrene 14 9 294 284 318

Ethylbenzene 06 137 113 88 81

Other benzenes - 167 179 173 155

Polycyclic compound ~ 224 162 338 215

Others -~ 38 74 46 96
Total 1000 1000 1000 1000
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Fig. 8. Total ion chromatogram of SBR 1500 pyrolytic products with 20°C/min up to 700°C.
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