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Abstract—In order to maximize the utility of vacuum residue, supercritical solvent extraction technique
where n-pentane was used as a supercritical solvent was applied to obtain deasphaited oil from vacuum
residue. Oil-extraction yield at various temperatures and pressures and the contents of metal complex
and sulfur of extracted oil were investigated. In supercritical state, extraction yield of deasphalted oil
was found to be strongly dependent on the n-pentane density, and the metal complex content of extracted
oil was effectively lowered when compared with that of vacuum residue. However, the sulfur content
of extracted oil showed little difference when compared with that of vacuum residue.
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Table 1. Physical properties of vacuum residue obtai-
ned from Yukeng Co

Specific gravity(15/4C) 1.0177
Gravity, °API 742
Conradson carbon residue, wt% 183
Pour point, T 40.0
Softening point, T 40.0
Asphaltenes, wt% 20.70
Maltenes, wt% 79.30

Table 2. Elemental analysis of vacuum residue -obtai-
ned from Yukong Co

Elemer}tal Vagu UM Maltenes? Asphaltenes?

analysis? residue
C, wt% 85.03 85.13 85.15
H, wt% 10.07 10.82 7.79
N, wt% 0.39 0.29 1.09
S, wi% 451 3.76 5.96
H/C atomic ratio 142 1.52 1.09
V, ppm 230 51 780
Ni, ppm 80 25 290
Fe, ppm 40 10 110
Zn, ppm 35 3 15
Mg, ppm 15 <1 60
Cu, ppm 18 0.2 5

aC, H, N, S analysis normalized to 100%
YAs determined with n-pentane
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Fig. 1. Experimental apparatus
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1. n-Pentane Cylinder 9. Autoclave

2. Metering Pump 10. Electronmagnetic Stirrer
3. Solvent Reservoir 11. Metering Valve

4. Regulator 12. Extracted 0il Bottle

5. Check Valve 13. Water Condenser

6. Pressure Gauge 14. Solvent Traptl)

7. Preheater 15. Solvent Trap(ll)

8. Heating Tape

16. Flowmeter

17. Chemical Pump
18. Washing Bottle
Vi - V2 : Valve

11 - 12 : Ice Bath
TI : Temperature Indicator
TC : Temperature Controller
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Fig. 2. The extraction yield of atmospheric residue(100
g input) as a function of average flow rate at 210°C,
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Fig. 3. The extraction yield of vacuum residue at
various experimental conditions
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Table 3. Calculated density of n-pentane using BWR

equation (Unit: g/em®)
PressuI:(rS;g - 210 230 250
42 0.2226 0.1345 0.1081
80 - 0.3426 0.2876
83 0.4005 - -
119 0.4362 0.4031 -
122 - - 0.3710
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Fig. 4. The extraction yield of vacuum residue as a
function of n-pentane density

Fala gl 1F SEE 5 A AES AYHeR
228 5 ole BAld £2E2He 408 Ao
Bala 4 9lcH{10]. =& 80 bar 949 % 120 bar <
AolA LEZvle e FE5EE 227t UM
wz} & Aojr g Hol i ich of9h & dL
Table 30l 4] H.&= wje} 7o) 42 barel| X 257} 713
w) 80 bar 4 H 120 bar FHe AR} ule] U
HaZo] & ApolE Holr] wiFolzt ARl =7
42 barefl 4] 230C 9 250T A] wj$- 3 FE5EE
Bolx gledl ol U} - ¥ FAld dx ¥
3Zo] zt7] wjfoje}l HAIE Ut

z2gzHelA n-pentane?] Wx o FEE3le] FH
AE Fig 4ol vehiigdct 2gelxe 2u)" ol

2 F&78¢ b3 4 (polynomial).o. & A 1M 3 500
g9 n-pentane-g A¥]EHYE A9 FE2TES npen-
tane®] Y=o 2 et 5542 npen-
tane®] WX Frlo] wep F713-5 Beolx low, I
571 0270 Aol e vl ¥ F718 Belx 9lond,
0.150]8lell A= wi§ @& 8§ Bl Qo

3-3. =YxA| WE FEF0 BRI Y= ok

e, 25 % M7 HY

o~ e).e okl Hy}Al(alkyl side chain)e} v}zel
TEj(naphthene ring)7} Ao = el oat
whek= H(polycyclic aromatic nucleus)g z+z} 71x| 3
A WHE-ybw G Z(cross-linked structure) A&
TR 28R AdFol, olegt ¥xMEe] M2 A
Hel A} T2 vz 22 AYEAE o)Fx Af
Aol A% 11]. A4} A F d& ks
= olagul e A~ B F kg azkE e
wd2H-8-5 A Ho] Fhd S F7HA71A BhaL o] 24
S5 7kde] doji} Aol ME R Qlste] & g
FAL27 YAE 5 vk g AERANR F ok
Ze& A Q5] Felshd 2 FAY MgAFoR o] 8%
T Qlck

AYdGol 2hdx Al B2 F5F
kS Table 49 vyeha gt} old
2gEle] ks 15 A7 Fok 21 2
o2 Jehdded, ol 16417 o]Fe| €
2YE FEo] vy Ho] FEF F F otdule]
gtefol] daks w|A =] 47| wEoltt FEF F ol
g e gAY FE25E vl S ol
Ak F, o) £, 27} S E of gl ek
Z7} g}, 25 42 baro) A 2£.9) Z7}e) afa} 1.02
wt%eldte) FFE 28 F Uk

gubd o 2 2Ag F FH3L ol v FES
& A2 F71F4538E<] 9™ (porphyrin)2HEE
A5 dREL free metal® EAjgch AL F
r}edo) Fh-Ee] sl whE 2 JAN 2L 54
F& Zujo 2AE F4HS JEAFSEZ N ol
B 3 12]5 o}7] A1 20 ek AR Fof| el e
2 o) ¥-§-2 thiophene 3ele] #FERA 33} &
27 dd A e H heterocyclic ringS o} F3
5 3 FAE] EAFA HYE Q44 wEEHE
3atslEo] o) 7] Fol) EA4ste AA ) AR G2
A ®at ohel i3 Agksie] ARl E =S
2 AFdA AER AHS-E 3HkabAL el Table 2
Ny Bz wpe} o] FEHAE RV, Nie] 713 wo)
gaso) A FEF F 5 AAE(RF53, deme-
tallization)2 V, Nig] W3z, 482 C H N, S&

2 do o §

Table 4. The asphaltene contents for extracted oil from vacuum residue at experimental conditions

Conditions 210 230T 250
Variable 42 bar | 83 bar | 119 bar | 42 bar | 80 bar | 119 bar | 42 bar | 80 bar | 122 bar
Asphaltene
1.02 331 5.46 2.16 428 031 1.71 3.17
contents, wt%
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Table 5. The metal complex and sulfur contents for extracted oil from vacuum residue

Conditions 210T 230T 250
Variables 83 bar 119 bar 80 bar 119 bar 80 bar 122 bar
V, ppm 66 90 52 89 46 71
Ni, ppm 28 38 22 37 19 30
S, wt% 3.86 4.09 3.77 3.99 3.62 397
Demetallization(V), wt% 7391 60.87 77.39 61.30 80.00 69.13
Demetallization(Ni), wt% 65.00 52.50 72.50 53.25 76.25 62.50
Demetallization(V+Ni), wt% | 69.68 58.71 76.13 59.35 79.03 67.42
Desulfurization, wt% 1441 931 1641 11.53 19.73 11.97
aC, H, N, S analysis normalized to 100%
BAR B9 FA I VNS Gdepm)—FEH 99 FA 2 VHNiS $aHppm)

ABAR &8 FA & V4+Nigl s ppm)

100 wt%= A4+ 3 3} 2] A -&(2+33}, desulfurization)
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