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ABSTRACT : Conversion and oil-yield of a used automotive tire sample in supercritical
decompositon and extraction for three solvents such as water, 28% ammoina solution and am-
monia, were compared. Supercritical extraction with ammonia gave the highest conversion and
oil-yield at the same temperature and pressure. In this paper, supercritical ammonia was used
as major solvent and tetralin acting as hydrogen-donor, was used as cosolvent. As the amount
of tetralin increased, oll-yield was increased. When a tire sample was extracted by supercritical
ammonia, oil-yield was 48.8% at 280°C, 22.3MPa. But when the weight ratio of tetralin to tire
sample (weight of tetralin/weight of tire sample) was 5, oil-yield was 61.2% at 280°C and 22.3
MPa. These phenomena indicate that as radicals produced in supercritical decomposition become
stable, the polymerization and the second decomposition of products may be inhibited.
Supercritical extraction of a tire sample swollen by tetralin gave high oil-yield although the
amount of tetralin was a little.
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Table 1. Proximate and Ultimate Analyses of
Tire Sidewall Rubber

Ultimate analysis Proximate
(wt%) analysis(wt% )
C 84.94 Volatiles 65.26
H 7.37
N 0.37 Fixed Carbon  31.24
S 1.26
Ash 2.
0 33 * 7
Ash 2.76 Moisture 0.74
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6. Heating Furnace  11. Thermocouple
2. High Pressure Valve 7. Impeller 12. Autoclave

3. 1SCO Solvent Feed Pump 8. Basket 13. Metering Valve
4. 3-Way 2-Stem Valve 9. Sampling Port  14. Cold Trap

5. High Pressure Gauge 10. Stiqarrer 15. Flow Meter

16. Wet flow Meter

1. Solvent Reservoir

Fig. 1. Schematic diagram of the micro-scale SFE
apparatus.
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1. Temperature programable oven - Sample bottle 7. Cooling water
2. Thermocouple 5. Heating band 8. Water bath
3. Baffle plate 6. Liebig's condenser 9. Receiver

10. Vacuum pump

Fig. 2. Schematic diagram of distillation apparatus
under reduced pressure.
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Table 2. Effect of Solvents(Water, 28% Ammonia
Solution, Ammonia) as Subecritical and
Supercritical Fluid on Conversion and
Qil-yield of Used Automotive Tire for 4-
hr Extraction Time at 22.3MPa

Water 28% An‘lmoma Ammonia
Temp. solution

(C) Conver- 0Oil Conver- 0Oil Conver- Oil
sion yleld sion yield sion yield
(%) (%) (%) (%) (%) (%)
280 - - - - 689 488
350 500 187 614 342 69 363

380 594 336 69.0 417 - -

425 688 314 689 379 - -
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Fig. 3. Conversion and oil-yield in supercritical ex-
traction according to temperature and pres-
sure variation with ammonia.
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Fig. 4. Oil-yield for 3-hr supercritical extraction
according to temperature and pressure vari-
ation with weight ratio of 1.5 [weight of
tetralin/ weight of used automotive tire].
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Fig. 5. Oil-yield for 3-hr supercritical extraction
according to temperature and pressure vari-
ation with weight ratio of 5 [weight of
tetralin/weight of used automotive tire].
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Fig. 6. Oil-yield for 3-hr supercritical extraction
according to temperature and pressure vari-
ation with weight ratio of 2.14 [weight of
tetralin swollen/ weight of used automotive
tire].
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Table 3. Major Components of Oil Extracted from Used Automotive Tire at 280°C, 22.3MPa in Supercritical

Ammonia

component MW Component MW

1. Butylaldehyde 72 12. 2,5-dimethylindan 132
2. Tropilidin 92 13. p-Cymene 134
3. p-Xylene 106 14. Benzylacetaldehyde 134
4. Ethylbenzene 106 15. trans-Decalin 138
5. m-Xylene 106 16. cis-Decalin 138
6. 1-Methylbutylcyclopropane 112 17. 2-Methylnaphthalene 142
7. Allylbenzene 118 18. 1,2-Dimethylindan 146
8. s-Trimethylbenzene 120 19. 2-Methyl-1-phenyl-1-butene 146
9. Octenal 126 20. 1,4-Dimethylnaphthalene 156
10. Naphthalene 128 21. 4-Methyl-2,6-di-tert-butylphenol 220
11. 2-phenyl-1,3-butadiene 130 22. 2,3-bis(trimethylsiloxy)propyl ester 418

Y8 2954 F 4 9 H239) Hzd] 3
st @Rl s HERs) AR g oY
$38 FE 0USPEE S5 9] 2uTE o
sohld) 9 39 4 9t Phol T 5 U
BAEYe 93 Hud 439 e AFE ¢
Adsiri$"s) 9723NE B9 deaal 2
Aol 259 H=AAY ool vl L 29
£ ZEvka Bsge Fig 72 7 obol o3
3449 049 FTIR #4730l A 2439
B2 sppol A9 QAT ghek iAo 2¥H Sl
& AH5HA B2 sieteloldl Y 2 92
Aol 2ASAS G2 F5E oikd 47 2
YA F24EF FIIAGT H9T 5 ol
A4 29 242 Az S BR4L
o AWA] FaY HRUL T 5 Y2 B4R 2
9| F24%0) o BH4 238 Table 3o o}
shuhsi.

Iv.

L 293244 924 ol 5oz
C

AHHE o 2978 dE HA2AL 280ColH
GEol 378 297 EE dE FTkag

AdetrEw A 34F A 43F, 1999

2 2AYEol] F4ol2A Aeie
B¢ A H=ae g vt 095 3
5

3. sfetelol] o Heeke) $AU} 59 o
280C, 22.3MPad 299§ 612%E dey
.

4 A=A Aefolol BEAA 2UAFEE
29448 3¢ o9 d=ad Wi g2 3503
2% e 4 A d=ale] sust.

AH

7}3]

4715
T. YAL=
BRLE
94
B
2439 sJelolo] F(g)
IR FH()
2230 g ko)) A)THE(g)
REE5T 3o e AR %)
QLAAREY 44
A24EA 44
seolole] Mg

=



ZYAFA A A Heto]o] oo}t FEoA edste] £A4 359

2 1

Mo
rot

CBAR ST 499 (1988).

. S. D. Kim, “Pyrolysis of Scrap Tire Rubbers”,
Ph.D. Thesis, University of Wisconsin-Madison
(1995).

. Thiele, R., Dietz, K. H., Kerres, H,
Rosenbaum, H. J., and Stemn, S., U.S. Patent
4141829 (1979).

. Thomason, T. B., and Modell, M., Hazard.
Waste, 1, 453 (1983).

. Ogasawara, S., Kuroda, M., Wakao, N., Ind.
Eng. Chem. Res,, 26, 12, 2552 (1987).

. Juan, A. C, R. Font, Antonio, M., Energy &
Fuels, 10, 134 (1996).

. Mastral, A. M., Murillo, R., Callen, M. S,,
Perez-Surio, M. J.,, Energy & Fuels, 10, 941
(1996).

. Thomas, J., Houser, T. J., Zhuangjie, L., Ind.

10.
11.

12.

13.

14.

15.

16.

17.

Eng. Chem. Res,, 31, 11, 2456 (1987).

. Funazukuri, T., Takanashi, T.,Wakao, N., J. of

Chem. Eng. of Japan, 20, 1, 23 (1987).

Joseph, J. T., Fuel, 60, 240, (1991).

Kershaw, J. R. and Overbeek, J. M., Fuel, 63,
1174, (1984).

Shishido, M., Mashiko, T. and Arai, K., Fuel,
70, 545, (1991).

Salim, P. H., and Trebble, M. A., Fluid Phase
Equilibria, 65, 59 (1991).

Funazukuri, T., Takanashi, T.Wakao, N.,
SmithJ. M., J. Chem. Eng. Japan, 18, 455
(1985).

Anderson, L. L., Callen, M., Ding, W., Liang,
J., Ind. Eng. Chem. Res., 36, 4763, (1997).
Cancel, M., Hedden, K., and Wilhelm, A., Fuel,
69, 471, (1990).

Adschiri, T., Tanaka, S., Abe, S., and Arai K.,
Fuel, 75, 1124, (1996).

Elastomer Vol. 34, No. 4, 1999



