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Abstract — Characteristics and synergistic effects of the coliquefaction of Alaskan subbituminous coal,
wasted tire, and polypropylene were investigated in a tubing-bomb reactor at 410°C, and the coliquefaction
reactions were performed at 370°C~450°C to evaluate the coliquefaction mechanism. The coliquefaction
kinetic model based on the free-radical theory was proposed and simulated by the non-linear parameter esti-
mation method. Simulated results represented experimental ones successfully with the correlation coefficient
of 0.99. When a catalyst was not used, the conversions were decreased as tetralin increase due to the
decrease of liquefaction of polypropylene. When naphthenate catalysts of Mo, Co, and Fe were used, the
coliquefaction conversions were increased with the increase of the liquefaction of polypropylene. When Co-
naphthenate catalyst was used, the increase of the coliquefaction conversion were as high as 21~23%.
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Table 1. Proximate and elementary analysis of coal
and waste tire.

Coal (Wt%) Tire (wt%)
EC. (as received) 36.91 23.40
H,O (as received) 12.10 041
V.M. (as received) 43.07 72.19
ASH (as received) 7.92 4.00
C (daf) 59.50 81.10
H (daf) 4.89 8.17
N (daf) 0.79 2.38
O (daf) 34.69 6.92
S (daf) 0.13 143

*daf : dry and ash free basis.
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Fig. 1. Schematic diagram of coliquefaction reactor
with the tubing-bomb reactor in a fluidized sand bed.
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Fig. 2. Forward sequential solvent extraction proce-
dure for product distributions.
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Fig. 3. Conversions without catalysts in tetralin at
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Fig. 4. Conversions with Mo-naphthenate catalyst in
tetralin at 410°C (reaction time : 30 min, coal+tire+
PP=4 g).
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Fig. 6. Conversions with Fe-naphthenate catalyst in
tetralin at 410°C (reaction time : 30 min, coal+tire+
PP=4 g).
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Fig. 12. Kinetic results of coliquefactions at 410°C.
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Fig. 13. Kinetic results of coliquefactions at 430°C.
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Fig. 14. Kinetic results of coliquefactions at 450°C.
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Fig. 15. Correlations between calculated and experi-
mental conversions of coliquefaction.
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Table 3. Frequency factors and activation energies of coliquefaction rate constants.

rate constant k, ks k,
; factor (k) 1.19880 0.08199 0.03125 0.06447
requency tac [7 -+ g? - min™] [-g' - min"] [l-g" * min’] [min™'}
o 6.19417 2.35681 0.63223 9.88211
activation energy () [KJ - mol] (KJ + mol] (KJ * mol™] {KJ - mol']
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