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Abstract — In this study, fluidized-bed pyrolysis has been conducted in order to recover the bitumen contained in the
oil sand. Canada Alberta oil sand contains 11.9% of bitumen and the bitumen-derived heavy oil produced in fluidized-
bed tends to be upgraded relative to the bitumen. The continuous operation has been performed using N, as a fluidiza-
tion gas at 1 atm and 500 °C in a reactor of 170 cm height. The results showed 87.76% of bitumen conversion, where
liquid products are 74.45% and gas products are 13.31%. H,, O,, CO, CO,, CH,, and NO and C,~C, hydrocarbons in
the gas products were analyzed by on-line gas analyzer and gas chromatography, respectively. The pyrolysis oil was ana-
lyzed by using proximate analysis, heavy metal analysis, SIMDIS, asphaltenes, and heating value. By SIMDIS analysis,
naphtha was 11.50%, middle distillation was 44.83% and heavy oil was 43.66%. It was obvious that the pyrolysis oil
was upgraded compared with bitumens.
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Table 1. Proximate analysis of oil sands

Alberta Jordan [13] Chinese(Tumuji) [11]
Moisture(%o) 0.09 0.23 1.55
Volatile(%) 11.87 8.50 13.55
Ash(%) 87.28 88.66 84.62
F.Carbon(%) 0.84 2.61 0.25
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Fig. 1. Experimental apparatus.
1. Heat Chamber
2. Screw feeder
3. Gas flow mater
4. Gas chromatography

5. Fluid Gas Input
6. Free Board
7. Reactor

o] Z+ (column)> Porapack Q, 80/100, o] 12 ft, Y74 2.0 mm,
217 1/8 inEs AMESIATE 471 A (carrier gasye Hesr ARE-51S)
om @B (oven) &5 45~200 °C]™ 20 °ColA 3.5 min F<F F+
AR} S SEE 40°C/min E A8 1 F+907] (injector)
L= 150001 HE7) &5 200°CE 28I s dRa)
28-S E3lo] AL G| @Y SIMDIS(Simulated Distillation)
[15,16] ¥4 AASIITE SIMDIS 2418 7fAT =nkE 7392
ARE8E B2 © 2 %7 FID(Flame lonization Detector)S A}
L3139t} B0l AMgE 7lA~F2nlE 73] HP HEWLETT
5890 PACKARD Series’} AF&-5] 31 0H 2H17]A= He, HE7] &
3= 98 H,, I 5 3715 ARSItk 23S DB-2887 FAI%
Zog 7ol 10 m, W3 0.530 mm, B& 74 3 umo|t}. 2&
L 40~320 °CO]™ 320 °COllA 20 min B4t SAGKIT S
£EE 10 °C/min® = Ao 7] &5+ 350 °C, 7971
252 250 °Co|th. A|RS] A UM BFAIRE HIFCE v
A "ol E-& ZMdelom HolE 2 Al ARSE XFAIEE ASTM
(American Society for Testing and Materials) D-2887, ASTM D-6296-
CALIOIt} 3¢ 42 55 488l 49 T8 F i ¢
Bl 9hg-o] BakEel 5T 9 JME9] E-S HESY] R

3lerast w48 15 20104 22

Hr

8. Distributor
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10. Condenser
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13. Gas Analyzer
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Fig. 2. Temperature profiles.
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Fig. 3. Differential pressure profiles.
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Table 2. Oil sands pyrolysis product yields and analyses results
Fluidized-bed Vaccum Rotary kiln Fixed bed

[this study] [7] [8] [11]
Temperature (°C) 500 500 500 500
Product Distribution
Conversion (wt.%) 87.76 91 78.5 82.6
Liquid yield (wt.%) 74.45 84.5 65.5 77.8
Gas yield (wt.%) 13.31 6.5 13 4.8
Coke yield (wt.%) - 9 21.5 -
Gas Analysis (vol.%)
H, 11.1 0.4 0.4 40.87
Cco 153 - - 7.76
Co, 20 - - 39.76
CH, 22 17.7 7 3.98
C,Hy 42 12.8 12.9 3.98
C;Hy 8.5 134 1 -
N-C,H;, 2.1 9.7 10.3 -
Ultimate analysis (wt.%)
C 82.79 - 87.2 81.99
H 13.55 - 11.9 11.82
N 0.18 - 0.6 0.21
S 3.49 - 0.3 5.98
0 - - - -
Gravity, °API 13.79 26.4 21.6 -
Asphaltenes (wt.%) 1.78 7.3 33 -
Liquid Product
Volatile (vol.%) 100 85.6 100 -
Naphtha (vol.%) 11.50 1.30 7.7 -
Middle Distillate (vol.%) 44.83 33.80 243 -
Heavy Oil (vol.%) 43.66 50.50 68.0 -

3] WelE %71 470 mmH,0014 681 mmH,0= ©F 200 mmH,O
9] alol& FASAE. et TorxlE o] Ak sbtel] screw
feeders AA3to] o5 Fall S-S AHKA R Zﬂﬂ st s
O AAE A= 4] o]% )‘U\]ﬂ,i DpE 151 screw
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ez 70M 9] §E= AR weAs Aol 7SS (Temp
500 °C, Solid retention time 30 min)[7], ZEI2] ZE(Temp 500 °C,
Solid retention time 20 min)[8], 17§55 (Temp 520 °C)[ 11114 2] A
A AE vusiSich. frseld SdM=e] disl Adddt @
AME=9] X3 (Conversion)> 87.76%C1tt. ©1F 7k~ AdE=EE
1331%C]7 2 WEZE 7445%2) AvE At A3 A7)
AL EF AT A AolE Holx| ¢gkon REE] AES]
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78.5%9} 1Z2] 78.5%°] Hlste] HA 5% o)Ate] AsES 1Y

o IRMHFETY 91%ell= 22 & v|XE= A9E Btk
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sk Aal] 7t SF7 ol AAPFe® oststA] dt o]
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7ro 7 RS BXsle] ukeo] BAL golaigitt. A o)Al
AT A o] TXF AR ARE Slito] dits) Y T 9
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Fig. 4. Pyrolysis gas analyses results.
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2 CHYF 718 Wars Holith. Gl ike 2710l 2 s
o FITb w2 ol WheR] 2 Mg FRIG) 7] o
ol JUNH O R & FEE WOl Zoth. Table 201 W) 7}
0] |l A Avks eI sl 7k 5 ¢t G
HlEo] =& 2hE & 5 oo IkHES, 2EE] Al B4
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Table 3. Comparison between extracted bitumen and pyrolysis oil

Bitumen Bitumen  Fluidized-bed

by Toluene [12] by THF [12] [this study]
Heating value [kcal/kg] 9,970 9,930 10,220
Asphaltenes [%o] 12.69 12.56 1.786
Gravity, °API 8.25 - 13.79
Density [g/cm?] 0.9994 - 0.97301
Ultimate analysis [wt.%]
C 85.75 85.00 82.79
H 13.30 13.10 13.55
N 0.66 0.64 0.18
S 5.46 5.20 3.49
Heavy metal analysis [ppm]
Arsenic N.D. N.D. N.D.
Vanadium 203.0 195.5 26.3
Nickel 71.7 70.2 11.9
Calcium 253 8.26 3.04
Cobalt 0.80 0.53 <1
Copper 0.73 0.63 236
Iron 139.2 33.8 37.47
Magnesium 26.2 8.1 1.53
Manganeses 32 1.0 0.58
Molybdenum 10.0 9.4 <0.5
Sodium 15.1 9.3 15.1
Zinc 1.0 0.7 10.6

*N.D.: Not Detected.
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