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2 °f: SBR3} elojoje) SR 2H H4E £357) A5t AR ejelA A2 5, 10, 15,20°C/
mine 2 J¥AE 5835 Kissinger, Friedman, Ozawa utlol| 23] &A3} =9} wh-gap4
& AAstict. Friedman @l s 4453 243} =)= SBRE 247.53k]/mol, Ele]oj=
230.00kJ/mole]%lem, Ozawa o] <3k &A% Hix= SBRe] 254.80kJ/mol, ete]o7}
215.76kJ/mol & Jelygtl. 4242 437 A7} u]Ewe) Friedman W3 A8 el Ozawa ¥y
°) SBR} ejoloj} $u g 4ol o HYY o vebdeh F¥H TAE ol4shod SBRa
gololg E8e A% 27} FUlete) meh A ARES Fgo] AR Fishe A%E BY
on, 7}d4 57} 20C/min¥ w SBRE 7% 700°CAA A4 AAHE) Sgo] 86% 2 o) ghe
Bglon, elo]ojo] 7% 700°Cell A A} HHES F-80] 56% = HHtE RHch o]=2FE SBR
3 gfolo] BT HoH Qs £59 STt Fog AFE FE4PS ¢ £ gon, B A7)
A& 70°C, 20C/ming AL A A ¢ Ut

ABSTRACT : The thermal degradation kinetics of SBR and tire were studied using a conven-
tional thermogravimetric analysis in the stream nitrogen at a heating rate of 5, 10, 15, 20°C/
min, respectively. Thermogravimetric curves and their derivatives were analyzed using various
analytical methods to determine the kinetic parameters. The degradation of the SBR and tire
was found to be a complex process which has multi-stages. The Friedman method gave average
activation energies for the SBR and tire of 247.53kJ/mol and 230.00kJ/mol, respectively. Mean-
while, the Ozawa method gave 254.80kJ/mol and 215.76kJ/mol. It would appear that either.
Friedman’s differential method or Ozawa’s integral method provided satisfactory mathematical
approaches to determine the kinetic parameters for the degradation of the SBR and tire.
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Approximately 86% and 55% of oil products were obtained at a final temperature of 700°C and

a heating rate of 20°C/min for the SBR and tire respectively.

Keywords : thermal degradation, potential energy recovery, thermogravimetric analysis, activation energy.
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1. Cylinder 2. Forward pressure regulator
3. Metering valve 4. Sample boat

5. Furnace 6. Temperature controller

7 Cooling trap 8. Vessel

9. Wet gas meter

Fig. 1. Schematic diagram of pyrolysis apparatus.
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Fig. 2. Typical TG curves for SBR(a) and tire(b)
heated in nitrogen atmosphere at various
heating rates.
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Fig. 3. Typical TG curves for SBR and tire heated
under nitrogen atmosphere at 20°C/min
heating rate.
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Fig. 4. Kissinger plots of SBR and tire degraded
under nitrogen with heating rates.
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Fig. 5. Friedman plots of SBR(a) and tire(b) de-
graded under nitrogen with heating rates.
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Fig. 6. Ozawa plots of SBR(a) and tire(b) degrad-
ed under nitrogen with heating rates.
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Table 1. The Activation Energy Determined by
Kissinger, Friedman, and Ozawa Methods

Fractional SBR Tire
Method loss (kJ/mol) | (kJ/mol)
Kissinger 246.43 267.88
0.1 257.03 128.89
0.2 299.21 190.75
0.3 267.67 246.17
0.4 290.34 245.94
. 05 217.52 252.21
Friedman| ¢ 232.29 289.55
0.7 233.07 239.05
0.8 225.49 243.15
0.9 205.19 233.78
Average 247.53 229.94
0.1 236.03 100.17
0.2 293.61 155.27
0.3 283.20 214.25
0.4 280.76 218.52
0.5 256.51 228.14
Ozawa 0.6 24553 275.04
0.7 239.74 243.17
0.8 233.71 250.13
0.9 224.09 257.19
Average 254.80 215.76
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Teble 2. The Frequency Factor and Reaction
Order Determined by Kissinger, Fried-
man, and Ozawa Methods

Frequency Reaction
Method factor order
SBR Tire SBR | Tire
Kissinger L77x10'7 | 137101 0.70 | 3.47

515.72x10'*11.92x10% | 1.66 | 8.84
10 {5.99x10'7| 9.81x10'°| 1.74 | 7.82
15]6.55x10'9 [ 1.18x 10% | 1.65 | 7.97
20 | 6.52x10'°| 1.03x 10% | 1.88 | 7.80
0.18.62x10"%| 2.04x10% | =
0.2] 3.48x10% ] 2.21 x 102
0.31 1.13x 107 | 4.41x10'6
Fract- 0.4 | 3.11x10% | 4.97x10'¢
Ozawa | ional |0.5]2.62x10'®|1.25%10"
loss |0.6|2.53x10'7 | 2.43x10%
0.7 ]6.36x10'¢ | 4.24x 10"
0.8] 1.59x10'6 | 7.63x 10"
0.9(2.11x10'%|1.37x10'¢

» First order reaction is assumed in Ozawa method.
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Fig. 7. Yield of oil products with final temperature
at 20°C/min for SBR(a) and tire(b) pyrol-
ysis.
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Fig. 8. Yield of ol products with heating rates at
700°C for SBR(a) and tire(b) pyrolysis.
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Table 3. Composition of Pyrolytic Oil from Tire Analyzed by GC-MSD

Heating rate(°C/min)
Compound MW 10 20 ‘ 40 r 80
1 styrene 104 3550 | 4.621 | 0.958 | 9.388
2 ethylbenzene 106 1.002 | 2.559 1.382
3 1H-indene 116 0.985 | 0.534 | 0.352 | 1.614
4 2-propenylbenzene 118 0.326 1.025 | 0.356 | 0.631
5 propylbenzene 120 1.632 1.541
6 1-methylene-1H-indene 128 5.834 8.163 |13.775
7 azulene 128 15.609 8.553 | 10.002 | 11.651
8 2-butyltetrahydro-furan 132 8.457 5.623 6.643
9 (2-methyl-2-propenyl)benzene 132 0.985 1.205 | 0.813
10 5,7-dimethyltetracycolo[ 3.3.0.0(2,4).0(3,6 Joct-7-ene 132 | 12.230 |10.953 | 5.961 |13.073
11 1-methylnaphthalene 142 5.190 4999 | 5.137
12 2-methylnaphthalene 142 6.349 7.468 | 5.805 8.679
13 1,1-dimethyl-1H-indene 144 2.582 3.184 | 2.995
14 1-ethyl-3H-indene 144 6.953 | 3.332 | 7.187 | 3.762
15 cyclopentylbenzene 146 5.219 | 2.916 | 7.406 1.340
16 2-ethenylnaphthalene 154 2.649 1.326 4.166 4.839
17 1,1’-biphenyl 154 | 5539 | 7.725 | 4.110 | 7.715
18 1,3-dimethylnaphthalene 156 2.526 4.295 2.397
19 3-cyclohexen-1-yl-benzene 158 5.5653 |10.493 8.804 8.961
20 cyclohexylbenzene 160 2.674 2.465 5.142 3.547
21 cis-5,6-diethenylcyclooctene 162 0.668 0.558 1.829 1.094
22 benzenepentanal 162 2.514 | 0.673 3.348
23 (1-bromoethyl)-benzene 184 0.687 1.352 1.845 0.195
24 1,1'-(1,3-propanediyl)bis-benzene 196 1.126 0.795
25 5,6-dimethyl-bicyclo(8.2.2)tetradeca-5,10,12,13-tetraene 214 2.658 0.317
Table 4. Molecular Weight and Polydispersity of o] 7td&E ol w2 EAl AESES go%d}e U
Pyrolytic Oil with Various Heating Rate g el 131' w3 E]— °] SERCL H A M 250 e
ol e ST BARE TS A Table 4of o}
M, 1,707 770 757 785 b gich. Fol Uehd vl o] 387 BRI
M, 3,180 | 1,249 | 1,337 | 1,405 AFF Blko] 4,000 o3k e velldiz, +
Polydispersity 1.86 1.62 1.77 1.79 AT o_:}}\] 1.62~1.86 }\}.o]_,} x% Hice 4-%%

g 4 g9tk
20°C/mine| 7 G848 £57} 700C Y o A AA

Eo J3F GC-MSD 24472 total ion chroma- v. Z B

togram 2.2 ke itk 7 me] e oy

AT ZHS YR wEE ©5)53)180) wo) 3 Az 2Y7)04 7}d4 T w2 SBR3Y} Ele]o}8)
R A 39T 4 ARod, dYAeR 507 TGA dRAs 9Ty dgozid iR 2
8 f713ee] AsE Ao vehidet. Table 3 < BES e 7l
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