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A1 micro reactorollX] 9% F&E AT 9 FEE 250 dHQlo] gl TS Tl e, 53
297 GGelx 571 NERESCll Sl AR Aol 3l A9 o] 348 SISt QA 71 YR
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Abstract — Bitumen extraction and sulfur removal from Athabasca oil sand were conducted using water in sub- and
supercritical condition. Bitumen yield in micro reactor was investigated in the pressure range of 15~30 MPa, the tem-
perature of 360 and 380 °C and water density 0.074~0.61 g/cm?> for 0~120 min. Bitumen yield increased with reaction
pressure irrespective of temperature and dramatically increased in especially supercritical region due to hydrogen
formed from water gas shift reaction. Total amount of gas product decreased with reaction pressure but the portion of
sulfur and hydrogen increased a little with increasing pressure to 25 and 30 MPa. It is seen that supercritical condition
was favourable to the hydrogen formation and sulfur removal. Bitumen yield and sulfur removal from original oil sand
reached a maximum 22% and 40% respectively in supercritical condition(the reaction time of 60 min at 380 °C and 25
or 30 MPa).
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Fig. 2. The procedure of product analysis.
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Total conversion(wt%) = 100— (-Vit-?-f-—re“i‘li) %100 @)
wt. of oil sand

Table 1. Bitumen and sulfur contents in oil sand

Oil-sand (g) Toluene soluble (g) Toluene insoluble (g) Bitumen contents (%) Average (%) Sulfur content (%)
1.927 0.259 1.668 13.44
2425 0.385 2.040 15.88 14.54 0.6
2.746 0.393 2.353 1431
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Fig. 3. Total conversion of oil sand extraction and pressure change of
micro reactor according to reaction time.
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Fig. 4. Bitumen yield according to reaction temperature and pressure.
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Fig. 5. Close-up view of oil sand samples: (a) original oil sand, (b) 360 °C, 15 MPa, (c) 360 °C, 20 MPa, (d) 360 °C, 25 MPa, (e) 360 °C, 30 MPa, (f)
380 °C, 15 MPa (g), 380 °C, 20 MPa (h), 380 °C, 25 MPa (i) and 380 °C, 30 MPa.
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Table 2. Effect of pressure on composition of gas products at 360 °C

Pressure Component
(MPa)  H,(%) Cl1(%) H,S(%) Others (%) Total gas (ml)
15 - 31.78 1.7 66.52 28
20 9.7 50.66 1.65 37.99 17
25 9.49 42.75 1.14 46.62 16
30 9.59 42.04 1.21 47.16 13

Table 3. Effect of pressure on composition of gas products at 380 °C

Pressure Component
(MPa)  H,(%) C1(%) H,S(%) Others (%) Total gas(ml)
15 9.68 56.90 1.05 3237 259
20 9.57 4470 1.16 44.56 21.4
25 11.47 53.59 225 32.69 17.31
30 10.69 59.05 1.71 28.56 16.61

Table 3N 7R Qo] 7K AA) 7k e
FOIEA Bolt e 29 el 9] ol Z7HITH
RS % % ek ol 290 el okl 4 7y B 5%
7) ANESe) S7kste] A Af Felel OV RS F7pII
o 0] Arke) 2 et

CO + H,0 H, + CO, )

oo 7k A Eol tist A= TUe HhET|E Aehs EE
FE3 o] AFA9)9} Bl S v 257 STV TR
Agero] S7Fth= AelMe Akt 42 S7tell wiet 7k
Adeo] FhAadth= Aol 2dnke AxE Helck. ¢k S7tef uk
B 7R 2ol dieh A gkeh A1 o] o = gl A
A7t QUAMERNE BAfE FESh=t] ARE o ZA 7
g G- FolEUS Fo ST

Fig. 6o CO 7}~9] 73§, &5of Aiglo] o} e ofvlo)

(
(

]

0.8 0.30
CH o]
07 S ons co
= O =
0.6 - o
E . o E o2
© 05F O B
2 oa 3 o
- O
o o ... e -0
S 03 g o1
w [}
T 0.2 © 0.05 -
S /\‘—4 S
0.1 000 &—0 —0 U
0.0 . . . ,
15 20 25 30 15 20 25 30
Pressure (MPa) Pressure (MPa)
16 3.0
[ole) H
“t o 3250 O 2
E - E 20 TO O
S ERE f\a\’
g 3
= = 1.0
a . S
a & o5 -
(&) 6 (O] —&— 360 °C
00 @ O~ 380°C
4 .
15 20 25 30 15 20 25 30

Pressure (MPa) Pressure (MPa)
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