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Abstract

The relationship between coking reactivity with the properties of supercritical fluid extraction
fractionation (SFEF) subfractions was studied in this paper. The results showed that the products
yield can be related to Ky, good linear relationships are existed between them. Coke yield was in-
creased with the SFEF subfractions becoming heavier, while the light oil produced in coking de-
stroyed the stability of subfraction system and led aromatic rings including in aromatic and resin
convert to coke. Hence, except CCR, the coke yield is also closely related to SARA. During coking,
almost all asphaltene and 65.52% CCR were covered to coke, the contribution of aromatics and re-
sin for coke were exceeded 15%. Furthermore, the coke yield was increased with the increasing of
Ni + V content, but it was reduced with the increasing of sulfur existed in subfractions.
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BEAE VT P . T AR B RN, ASRER AL T 2T R N T, R AR A T
SHEBERNE .. AT HEIRNT BIERIEEN . MRS ARG R, A LB JFURE 2 i 1 2H ik
ITRAE, Sawarkar ZE[11& 3K T R F IR MR,

Gary Z5[2]E 57 1 i ELTR TR o) 1 A AR 2 5 JEURL A R (CCR) M EL AR KU — RAK R, IF HAEMM
BEN T Z M. Maples ZF[3IRIL T AR ICE . CF SR A FLHmfeR 5 BRI 2 B KR
Chen ZE[4)RBUFERIWCER 5 CCR Z [RAFTE RUFINR ML R, HLMAELE 0.9~1.66 2 [A11h. FiATAE
PR B A 2 5 JFRHE CCR &Y. — AN AR SCHt . RE SRR S CCR M A B RIFHIKER, (HIK
ME S CCR A R BE A KK .

DY SRR RO 7 e PR, TN e A F 22T . Schabron 45 [5] 30 & H S A 1 AN 1 R
J S B S T 0T B T A B TR B ORI AR RIS o [T I HRAR HH T AR A [6] RN 8 BRI YA Y
[7]. #ifr, Fan SF[814R¥E 5 Fhrb ERA B EIR4ER, 1R TAS HIC JEFI. #TFiE. FEM%E
FEE PRI RS AR S A TR R A R AR I R B X

R T SRR 5 R M T B ORI A, I AL T IR RSP I A S R RS .y T B E . CCR.
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CaH N TG 58 BT A FE A I A2 b S SR [10] [11] [12] [13]. Favre %%
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ER2 IR A A AT A (I A A PRV o ) AR AT Dl R R e R 2 (6 ) T R B B I SR 0 8
AR, AT PAEA SR ah S5 M T ER R, R 43 B3 O [F] B 42 18 43 [17] [18], Zhao S5[19] [20]% 2 HU A= 1
G PR BT B R RERE R AT TR AN 5T . COR R M SCHER[20] [21]H DRI T A 8] 42 08 43 (10 in 2L B
(HDS). InE M Z (HDN) M ZLAL(FCC) 1 RE, (HZ B IR AT T8 AV REIE A RS TE
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2.1. EESEHIE

K B IR S RE B 43 B8 1) J7 466 = MRl Bh4T 0 85, % B 7 iR B TE AN B SCHk A i A [17)
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Figure 1. Flow sheet of batch coking reactor
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2.3 MERSHEMSTH

FR4E ASTM D2007-11 Frifk /7 ERHI VD215 (SARA) , i S FLAEBUAE 18 40 (17 1) 4y T i & 4F 60°C,
DL RN 59), SR B E /R K-7000 Y3235 AN E, {81 Flash EA 1112 5 Antek 7000 7t 3 7 Hr3GH#HAT
TCENT, RABBRGEE T RIDGEO T &E S8, FIHWERZENE %L, FH HEFmkas
AR PRI YT-30011 435k A8 . I UNITY INOVA 600 MHz A% i AR {0 45 A bk 1) B-L it 54
T3 I D5
3. BR5V
3.1 EHREERNFEEIMER

PETRTRE ALV IR A IR S 23 P S b ek FR PR DL 1

MR G H, = FIRE R R R, 2R 1 glem®, = RREH Ni & AL (45 105.7
ng/g, 166.8 pg/g A1155.1 pglg), 1H2E V SEZERIRK, 53514 582.3 pg/g. 714.3 pglg 1 3.5 pglg. LIRS
TR TR 0T N 5.61 Wit%, T EA TRk 5 23 P S b g s R0 5 5 25 B 40l 0 32.96 wit9o 1 15.94 wi%.
BeAh, =R, ZNERRAIE S B, AF] 4.8 Wi%. KFHMIG AR, B T LIS E] 10 A
gy, THARPEREGE ] LIS 2] 13 N1, B 2 FIH TR 5 R HIC 1Lk CCR AP35y Tl &

MR CLE AU 3 R . CCR A1 ot s 34 il 7 13 40 A AR JE TG 16K, 17 45 198 3 (1) HIC JRF
Pe R R =Fiscd, 7ER R BRI, ST S A A EU S 140 1) CCR fELERAR,  HATT ki 25
ROy (R dis o =R I AU TR 3 I AR AL S B 45 R 2 P .

32 BEONENEERES CCRIXER

WRIESCHR[23] 5 1 2 0K, ek CCR AR A MR E 2 2, B sl = 8 ) i AR A R
Pz i K. FERICRS CCR Z IR & ILIA 3.

Table 1. Properties of three different VRs
F 1 ZMAEREE#MER

Feedstocks
Properties
Tahe VR Orinoco VR Liaohe mix VR

Density, g/cm® 1.0530 1.0502 1.0271
CCR, wt% 35.01 26.19 18.11
Molecular weight (VPO), g/mol 1036 3382 1190
Saturate, wt% 19.93 7.98 16.42
Aromatic, wt% 28.70 35.38 36.88
Resin, wt% 18.41 40.70 41.09
Asphaltene, wt% 32.96 15.94 5.61
H/C atomic ratio 1.30 1.40 1.49
S, wt% 3.58 4.80 0.50

N, wt% 0.82 0.98 151

Ni, ug/g 105.7 166.8 155.1

V, ng/g 582.3 7143 35

¥ Tahe VR, Orinoco VR, Liaohe mix VR 73 S QRIS YR . 2% P B RLIRIE AL 0] YR A Ik
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Table 2. The coking results of subfractions from three VRs
2. ZHREEREBINEXT RO MER

Coking products yields, wt%

Number
of Gas + loss Liquid products Coke
subfractions B A ) : . .
Tahe Orinoco Liaohe Tahe Orinoco Liaohe Tahe Orinoco Liaohe
1 5.30 11.20 8.41 80.50 71.40 79.67 14.20 17.40 11.92
2 6.60 13.00 8.69 79.80 72.30 79.38 13.60 14.70 11.93
3 9.00 13.40 8.46 78.50 71.20 78.43 12.50 15.40 13.11
4 9.80 13.90 8.78 76.70 69.70 76.59 13.50 16.40 14.64
5 11.20 14.90 10.28 72.10 67.50 73.61 16.70 17.60 16.11
6 9.50 15.30 10.23 69.20 65.30 71.67 21.30 19.40 18.10
7 10.10 15.10 10.92 63.80 63.40 69.20 26.10 21.50 19.88
8 12.20 14.10 11.56 59.50 60.90 66.87 28.30 25.00 21.57
9 9.60 16.90 11.25 56.80 58.70 64.76 33.60 24.40 23.99
10 12.30 13.80 11.60 53.90 56.60 61.42 33.80 29.60 26.98
11 13.80 12.28 52.30 59.37 33.90 28.35
12 10.70 12.68 51.20 55.60 38.10 31.72
13 11.30 12.46 48.90 52.49 39.80 35.05
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Figure 2. Property of SFEF subfractions for Tahe VR, Orinoco VR and Liaohe VR: density, CCR, hydrogen to carbon
atomic ratio, average molecular weight
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Figure 3. The relations between coke yield and CCR
B 3. ERWERSHRRENXRE

BEERIFEIE, WA BUE I, MR CCREMELL T, FERIE 4 18 ) 1)L AR iR K. XA
FAEW], CCR IARE A MEEAIME KR, AR T CCR 4b, R IEZIFLER KL ? Jyitt
ARSI A U A3 DU AL 53 o3 T A RN T, W E DU 290 AR AR B (R . =Pl 42 123 1K) SARA 43 #t
SR 4.

VUZH 73 o M 45 R WY, G BT 78 W80 vh O 7 o & A, Tt 2y o 95 0 BB i & 22
B BRI S B = R A R B, BEI AR A (MR > B S R TR AR Y, L
R R AR, AL AR R & B e, HIDW R 07 & 2 i (R, 5 AT CAHEWT, 3]
TR RS 7 B R S o R v 2 R R e S A5 A PE R R A AR BRSSP 2% T B L R
FEUR SR P57 EIA R G AR AR R R LA 5.

MR DA R A B, AR RN AE T, A0 A A R AR, BT 7 v 2y i R AL Rl iR
FERARHS o FATHEN, TR RS, BT &0 & B, A SR 4 R 17 7 LA
AEE, R B S R AR A e A g E ok, I B A AR HRN TR
FIERES AR T, B THRERSER, B E0 ik, LERIRIRES F ISR HE, &
BUE BGRB[0 507 8 ok, AT hn A £

MRIGALGU AL, FERICE—E S CCR &5, NI AL CCR MR A FREIT TiH5E, 49R
WK 6.

MR AT A HY, = Fh i A 1 o0 v, STV 5 U A 1 20 PR B e R R AR R B A K, T AT T
VR IR KB R R D o BRI AR B, SRR AE BRI, Coke/CCR HAZALEK, S5&4HE
1.6 AHZERCK, i 45k R —{E)5, Coke/CCR (HAMELE, IHBEWiHIL — K EHL. %4 UL
A1 CCRE T A R R R A o

NI, AICHETE T AR AL CCR BRI FER S5 M 7Bk [t CCR A MIRHER, HARKHRE,

B 7 iR,
& 7 TLAEH, #A7 CCREMAERESFRA CCR . Fik%E fa 2 A HA RIFHICEE, B3
VNP AW

Coke%/CCR% =1.6580+ 488.7946 x exp (—3.9208 x CCR A fa)
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Figure 4. SARA components of Tahe VR, Orinoco VR and Liaohe VR SFEF series
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Figure 5. Light oil yield of three VRs subfractions
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Figure 6. Coke yields per unit CCR for three VRs subfractions
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from three different VR
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Figure 8. Coking product yield as function of H/C atomic ratio for SFEF se-
ries from three different VR
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Figure 9. Coke and total liquid yield as function of KH for
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Figure 10. Ni plus V and S content of SFEF subfractions for
Tahe VR and Orinoco VR and Liaohe VR
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