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Abstract

Liaohe vacuum residue (Liaohe VR) and Venezuela Orinoco atmospheric residue (Orinoco AR)
were separated into 13 and 15 narrow subfractions respectively using supercritical fluid extrac-
tion fractionation (SFEF) with n-pentane as solvent, and the properties of subfractions were cha-
racterized. The catalytic cracking reactions of different SFEF subfractions were conducted in a
fixed fluidized bed reactor system. The results showed that coke yield increased as the SFEF sub-
fraction became heavier, and the yields of naphtha and diesel decreased. Except Concarbon resi-
due (CCR) of feed, the coke yields were affected by aromatic carbon rate (fa) and the parameter of
aromatic ring condensation (Hay/Ca). The coke yield was inverse exponentially correlated with the
CCR content, fa and Hay/Ca. A catalytic cracking product yield model was derived based on satu-
rates/aromatics/resins/asphaltenes (SARA) contents of SFEF subtraction to determine the maxi-
mum resins content of feedstock for catalytic cracking process.
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Table 1. Properties of Liaohe VR and Orinoco AR
= 1 WARES ZEARALE BRI R

Liaohe VR Orinoco AR
Density at 20°C (g-cm ™) 1.0271 1.0303
CCR (wWt%) 24.01 18.44
Molecular weight (VPO), g-mol™ 1190 866
Saturates 20.55 20.15
SARA (wi%) Sromfitics 26.20 40.69
Resins 38.53 26.95
Asphaltenes 14.72 12.21
C 87.06 84.00
Elemental analysis H 9.88 10.11
(wt%) s 0.48 4.40
N 1.55 113
H/C 1.36 144
Ni 175 126
Metal content (ug/g) v 36 540

250°C, PAIEREEAER, ¥ 1 ATHEREANBIREI S, EIYIEIE /1% E N 4.0 MPa, F£LL 1 MPa/h
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0: steam furnace; 1: constant temperature box; 2: feedstock; 3: electronic balance; 4: oil pump; 5:
water tank; 6: water pump; 7: preheater; 8: reactor furnace; 9: thermocouple; 10: reactor; 11: in-
let and outlet of catalysts; 12: filter; 13,14: condenser; 15: collecting bottle for liquid products;
16: gas collection; 17: filter; 18: suction flask; 19: vacuum pump; 20: gas sample bag

Figure 1. Schematic diagram of fixed fluidized bed catalytic cracking reactor
system
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Table 2. Properties of LHO-1 catalyst
2. EAUF LHO-1 MR

Properties Value
Na,O (Wt%) 0.16
Re;0s (Wt%) 58
Specific area (m*g *) 261
Pore volume (mL-g™) 0.38
Apparent density (g-cm ) 0.74
Micro-activity (800°C for 4 h) (%) 83

Table 3. Process operating parameters of FCC experiments

3 EURUTERESH

Parameters Value
Reaction temperature ( °C) 500
Steam flow rate (mL-min™*) 2
Amount of catalyst (g) 60
Catalyst to oil ratio (wt/wt) 6
Steam to oil ratio (wt/wt) 0.07
Residence time (s) 1.5~4
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Figure 2. Properties of Orinoco AR and Liaohe VR SFEF subfractions: density; hydrogen to carbon atomic
ratio; number average molecular weight; CCR and SARA
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Table 4. Calculated and experimental values for naphtha yields (wt %)
=4 RHWENIRESITEELR

Cuts No.

(<2 ) B

© ~

10
11
12
13
14
15

Liaohe VR SFEF series

Orinoco AR SFEF series

Exptl
36.77
36.01
35.09
33.88
31.76
30.72
27.31
24.82
23.97
22.83
22.17
21.53
20.64

Calcd
35.04
34.83
34.38
32.20
32.03
31.00
28.51
26.07
24.66
23.18
21.44
20.54
19.07

Exptl
37.49
37.25
37.46
36.42
34.35
31.37
32.03
3117
31.82
31.50
25.58
26.24
23.95
21.17
19.73

Calcd
38.07
37.42
35.93
35.53
35.31
34.60
33.46
32.62
31.68
28.56
26.65
23.77
22.85
21.61
20.92

Table 5. Calculated and experimental values for light oil yields (wt %)

5 BMEERIBRESHEMERR

Liaohe VR SFEF series

Orinoco AR SFEF series

Cuts No.

Exptl Calcd Exptl Calcd
1 57.33 55.72 60.61 59.74
2 55.52 55.62 59.90 59.38
3 54.43 55.00 59.80 58.10
4 53.44 52.34 59.00 57.74
5 50.52 52.34 57.25 57.52
6 48.72 51.25 54.38 56.51
7 45.92 48.05 54.46 55.56
8 43.94 45.02 53.95 54.62
9 42.16 43.32 54.54 53.55
10 40.27 40.90 52.29 50.09
11 38.04 37.93 46.23 48.08
12 36.95 36.12 44.86 43.64
13 34.22 32.52 42.76 41.82
14 40.71 38.67
15 37.06 36.91
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Figure 3. The relationship of naphtha and coke yield to Ky, for narrow cuts

B 3. EAMUHREREERS KX R

65
© A Liaohe VR SFEF series
£ 60F = Orinoco AR SFEF series P
= F A n’
2 55} . é.-
—~~ B -
g 50 L A
Q2
k=] r
£ a5 T
g 40t "k
E/ I A”/,k
- 30 . [ 1 . 1 . 1 . 1 . 1 . 1 .
20 30 40 50 60 70 80 90 100

Content of Saturates+aromatics, Wt%

Figure 4. Relationship between light oil yield and saturates plus
aromatics contents
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Figure 5. Relationship between coke yield and resin plus asphaltene
contents
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BRI, S T I A2 IR 184y, RATTHR T > Coke/CCR 5 CCR x (Hau/Ca-0.5)" FIF8 5 Bk 3 (4)-
Coke yield %/CCR % =a+bx eXp(CCR x(Hay/Ca -0_5)fa ) AC 4)
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