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Abstract — This study investigated the effect of addition of aromatics such as Toluene/LCO/resin on the coke
depression and asphaltene conversion. The experiment was carried out with vacuum residue as a feedstock with
Molybdenum dispersed catalysts under the slurry-phase hydrocracking condition (Temp. of 425 °C, H, pressure of 80
bar at 80 °C, reaction time of 4 hr, Mo-concentration of 500 ppm). As results, the coke reduction was shown to be
similar irrespective of types of aromatics, while asphaltene was more converted to gas and maltene when LCO and
resin with higher dipole moment were added. The addition of aromatics with change of reaction time showed no dif-
ference in terms of depression of coke formation. But the addition of LCO rather increased the coke yield after 2 hr.
And it was found that asphaltene in liquid phase had the higher aromaticity index so that asphaltene is difficult to
disperse in oil phase.
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Table 1. Properties of Vacuum residue, LCO, Resin

Properties Vacuum Residue LCO Resin Methods
API Gravity 5.84 8.48 8.48 ASTMD5002-99, ASTM-D4052-11
Dynamic Viscosity, mPa 3200~30,800 (70~100 °C) ASTM-D445-15 Converting
Micro Carbon Residue, wt.% 20.5 0.15 0.15 ASTM-D4530-06
Sulfur, wt% 6.70 0.99 6.06 ASTM-D4294-03
Nickel, wt.ppm 40.0 0.00 44.0 ASTM-D4294-03
Vanadium, wt.ppm 126 0.00 207 ASTM-D4294-03
ASTM Distillation Curve ASTM-D7213
Naphtha (IBP~177 °C), wt% 0.00 0.00 0.00
Middle Distiilate (177~343 °C), wt% 1.30 77.0 0.00
Vacuum Gas Oil (343~524 °C), wt% 17.0 214 20.2
Vacuum Residue (524 °C+), wt% 81.8 1.60 79.8

SHAL 40 g, S0 500 wi.ppm(FH AR ohu] Bl Bl e
FI712)% B, oF=elE £ A7 A3 Rkt
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WA S SR W) Aol B i =
17) 8138l 27 80 °CollA] 422 19} 80 bar, W HFEE 1500 rpm &

1 2592 A1 7 2E (045 pm)E A3 53 B
Ao L2 w|714] toluenes Al& S+ Th. Z—r'élﬂ A& 107 °C
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Fig. 1. Extraction procedure of asphaltene in the liquid phase.
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Table 2. Dipole moments of aromatics (Toluene, LCO, Resin) and
asphaltene in feedstock (Vacuum Residue)

Material LCO
Dipole moments (D) 1.52

Resin
2.55

Toluene
0.36

Asphaltene
6.14

Table 3. Structural parameters of aromatics (Toluene, LCO, Resin)

Toluene LCO Resin
Ct 7 20.5 56.3
Ht 8 23.5 79.0
Nt 0 0.06 0.35
St 0 0.08 1.39
Ot 0 0.05 0.36
Cs 1 6.81 34.0
CCH3 1 2.81 13.0
CA 6 13.7 22.3
CN - 0.40 3.98
Ca 1 3.22 6.04
Ccp 6 10.7 13.5
A - 1.29 1.25
Rt 1 2.89 6.63
RA 1 2.81 5.67
RN - 0.08 1.01
RA,U - 2.18 4.55
CAU - 10.6 17.9
RN,U - 0.06 0.81
BR - 0.39 9438
CA/Ct(fa) 0.86 0.67 0.40
CP/CA(x) 1 0.78 0.60
Ca/CP 0.17 0.30 0.45
Cs/Ca. 1 2.11 5.63
H/C 0.1 0.10 0.12
Avg. M.W, g/mol 92.1 272 812
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Table 4. Definition of structural parameters

A - ol Al

Symbol

Description

Ct, Ht, Nt, St, Ot
HA, Ho, HN, Hp, Hy

Numbers of carbon, hydrogen, nitrogen, sulphur, oxygen atoms in an average molecule
Numbers of hydrogen atoms per average molecule

CS Number of saturated carbon atoms per average molecule
CCH3 Number of methyl groups per average molecule
CA Number of aromatic carbon atoms per average molecule
CN Number of non-methyl carbons fto aromatic sheets (in that naphthenic ones)
Ca Number of carbon atoms ¢to aromatic sheets
Cp Number of peripheral aromatic carbons per average molecule
A Number of units (aromatic sheets) per average molecule
Rt Total number of rings per average molecule
RA Number of aromatic rings per average molecule
RN Number of naphthenic rings per average molecule
RA,u Number of aromatic rings per unit (sheet)
CA,u Number of aromatic carbons per unit (sheet)
RN,u Number of naphthenic rings per unit (sheet)
BR Number of branchings in aliphatic substituents of aromatic sheets, per average molecule
k Coefficient (H/C ratio) in non-methyl aliphatic groups
CA/Ct (fa) Aromaticity index
Cp/CA (x) Condensation index of aromatic sheets
Ca/Cp Substitution index of aromatic sheets
CS/Ca Average number of carbons in aliphatic substituents of aromatic sheets
H/C Total hydrogen-carbon atomic ratio

Zo)7} Z7V8FaL aromaticity index (f)& 43S B3, 53]
resin®] 7§~ Aol £ & A1 2] NG BRY Bo-S 2ol
b, A7 A ARESE 3 F0] ofmetE it 7] Bt
&7 ARN(C/C 2l Hol7} 71 A, =2 A ET}F - resin®]
Ao R kAR HA Afeta ok~dEl T v=4g
ARJNE ZHA SF 2N of g rIo] @ YAt ZEakd 5 Qs
O R 3k QI TH 1.

1000 — 77—
H—a— O
— O
90.0 \D\\ﬁg
80.0
70.0 ’l
9 60.0 (&}
E- 50.0 O Gas
]
o OLiquid
> 400 —
A Coke
30.0
20.0
10.0 O @
0.0 A A AM

40.0 50.0 60.0 70.0 80.0 90.0 100.0
Vacuum Residue conversion(524'C+, wt.%)

Fig. 2. Change of gas, liquid, and coke yield with vacuum residue con-
version.
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510] 71228 5 2 0] Sk o e £
TS BAITh e 1188 oF 80%4 ] o Fol A 8
87} 27 ek, 58] 48 o &mﬂﬂﬂ$¥ﬂ S

3]
S7PE i EA ey Albeke, o] el gk A 8] SR of
2] SHof i @0 By vk k23], whEbA of=

3.0

2.5

2.0

1.6

=
wn

14
15

1.0

Coke yield, wt.(%)

0.5

DA\

0.0

No additive toluene LCO resin

toluene MLCO Ciresin
Fig. 3. Change of coke yield with addition of aromatics.



Sejeld RS WheollA] ofEnte ft el WhE A A% 9 ofAgEl gk 54 249

nhe] - A7kl i 73 Az a s g 8 1] 918 Za7t 100.0 Vo TS e P
A= 2 A (S 425 °C, 7] 80 °COllA] 4222912 80 bar, 90.0 —RAAA == —_— ===
WA 2 4178, Zoll 512 500 ppm)ell A ohmhe] S 1AL A 88 80.0 1 ]
QAT 2 coo

ofzule] f4 Hrbel 2 315 58 W8S Fig. 390 HER Y % 500
T} Fig. 3014 ¥.i= nfs} o] oz wbe] {5 H7hekA] o2 74 = 400
G T FE0] 24 wt% R Ukl ob2ebY s 37k & > 300
I FE0) 1.4~1.6 wi% tAH 02 ok | wt% J5% AZLETHE ¥ 200 —|
Tk A o)A okzule] fi Yool wheE 5)4] EHE 0] 24 100 1
QL ARV 5151 550] 0.16 wih T2 7H2 T ok 5 9lon], o] 0 o additive tol ) )
£ ghbslol - obwrle 452 WS o 72 A% Aok 9l o e e
=5 ?%]LOJ}%L & 3}?} AR 3.1@041]/\1 f'_—jj ::P O}EU}‘%‘L 2l Basp. in sediments cok;e

Z 9 F32 B E 2jo 2 4748 79 A7 gk
271] ; éﬁﬁ Z]}%%D}_ ol B e Fig. 5. Comparison of products converted from asphaltene with addi-

tion of different aromatics.

33.Ol=0fE! R E7joll e O EEle| HiIS S | 7= ¢

i)
J
-

|.

ofZwute] i 7Yl upE ot AT E S RES- 540 Ul of A~ akwl gEE HEE ) =8-S 1 s vl ok Wb Trejo et al. &
T2 W32 gle) 1) 9 Ak 2 sediments U] oFAZEIS 3= T 24 Ve B XS 3Farste] of o] x4 3he v
Z3oto] Zh kg 2o g Y of A%l T2 E FRIE)] Bkt & Fig. 49} 2ol AAsESIT). o)wl, A4 9 sediments U} o}~
kA Trejo et al. [24] 152 ofA~Zglo] )3k Sujrt =38 =3 gz} 73 35S 2.2, 2340 YERA WS Fal dojdl F vk
=3l BES- Kinetic =& AFE F3l o2 vlo] 7k~ 2l 32 A Y7o Q= of ATl S 7|0 2 HAghE v &S AlAls)
H]7}ed A A gto] dojujr Wel7]e] §-35te] ol ATdl oz H o g 1) ofAZddlo] Hh-g- 5 A} 1l sediments] oF 2 el
Y FAFE A% F25 A Qs ynA & Gl 7fAR A3y
Products vt 7be sk,

Feedstock (normalization) obue G2 71e] whe} o} 2ele] 8k ¥ -2 Fig. 50 U}
o s BRI Fig. SO1A1 LR W8-417) 739 ] toluene S 713k
Maltene Maltene A9 A5 o ofx~gdlo] ez 7pA R A3 v]go] Akl
sedimentst)] o} A~Z&l 0 F A g H]go] SIS Bl o) Hb
Asphaltene W, LCO%} resins 713t -9 A& W of~Zelo] Dely) 7} 9]
R Agke vEo] F71ehS W1, sedimentst)] of~ZEl o g M3}
asphattene £ ]-g0] 225 WOITh Webd A 0w AR malEs} 2
Coke LCO$} resine- o}~Felo] By} 7147 A3hS =914 sediments

U of Azl A4S o Aleh=t] &9 S-S o4 QUi

shE, 739 8 A EAo] H&E ok AgHle 32 B4 o
ste] 7Mool wE B (liquid phase)®} sediments Wl W3}lE &
13l B.3kek. Fig. 6, 701 A= HESAIX F4-5 7] 0 & e

*Product(g)/Asp. in feed(g) x 100%

Fig. 4. Calculation procedure of asphaltene conversion into the normal-
ized products.

34 0.85
@ (b)
3.2
0.82 0
3.0 o= A
S <.
0.79
g 2.8 A
> w®
V)
26 O 0.76
24
0.73
2.2
2.0 0.70
No additive toluene Lco resin No additive toluene Lco resin

Fig. 6. (a) Average number of carbons in aliphatic substituents of aromatic sheets (C4/C,) and (b) aromaticity index (f,) of asphaltene in the
liquid (Dotted line : no additive).
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