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A7 RAE EA G #3E AFE sl ool AR Wk % 1,100~1,250°C, ¥R 1~6kg/
cm’G, oxygen/VR ratio: 0.8~0.9 and steam/VR ratio: 0.4~0.58- X3} 3= o, 43S Z3
A7E(CO+H,) 243 85~93%, A7k HF: 50~110 Nm*/hr, ek 2,300~3,000 kcal/Nm?®, et 3
€1 65~92 F WIEAEE: 60~70%S A& 4 AT ok, Y RAL 0|83l FARAGILA3 F
AL my3plglom ANEAS AEIe} vasle) mHle| el S FHESIH.

Abstract — Approx. 200,000 bpd vacuum residue oil is produced from oil refineries in Korea, and is sup-
plied to use asphalt, high sulfur fuel oil and for upgrading at the residue hydro-desulfurization unit. Vacuum
residue oil has high energy content, however its high sulfur content and high concentration of heavy metals
represent improper low grade fuel. To meet growing demand for effective utilization of vacuum residue oil
from refineries, recently some of the oil refinery industries in Korea, such as SK oil refinery and LG Caltex
refinery, have already proceeded feasibility study to construct 435~500 MWe IGCC power plant and hydro-
gen production facilities. Recently, KIER (Korea Institute of Energy Research) are studying on the Vacuum
Residue gasification process using an oxygen-blown entrained-flow gasifier. The experiment runs were eval-
uated under the reaction temperature: 1,100~1,250°C, reaction pressure: 1~6 kg/en’G, oxygen/V.R ratio: 0.8~
0.9 and steam/V.R ratio: 0.4~0.5. Experimental results show the syngas composition (CO+H,): 85~93%, syn-
gas flow rate: 50~110 Nm*/hr, heating value: 2,300~3,000 kcal/Nm®, carbon conversion: 65~92, cold gas effi-
ciency: 60~70%. Also equilibrium modeling was used to predict the vacuum residue gasification process and
the predicted values were compared reasonably well with experimental data.
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Table 1. Chemical properties of vacuum residue.

Sample Carbon Hydrogen Oxygen Nitrogen Sulfur Ash HH.V
no. (wt%) (wWt%) (wt%) (wt%) (Wt%) (Wt%) (kcal/kg)
VR. 81.85 10.03 - 0.20 5.72 0.96 10,010
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Table 2. Constants of Heat capacities and Gibbs functions and heats of formation at 298.15 K (kJ/kmol).

Constants of heat capacities™

Formula Phase AGS515 AHS 15
o a 10°b 10% 107°d
CH, g 1500 1.702 9.081 -2.164 - 50,460 -74,520
H, g 3000 3.249 0422 - 0.083 0 0
CO g 2500 3.376 0.557 - -0.031 -137,169  -110,525
CO, g 2000 5.457 1.045 - -1.157 -394,359  -393,509
H,0 g 2000 3.470 1.450 - 0.121 -228,572 241,818
H,O 1 - - - - - -237,129 285,830
0, g - - - - - 0 0
C s 2000 1.771 0.771 - —0.867 0 0

CH, 55500363 S - - - - - -86,913*

*Equation of heat capacities is C®, /R=a+bT+cT*+dT™.

*Hess®) WA 02 ¥E] FrE9S.

Table 3. Function of equation with operation temperature.

'\%E (DC) K] KZ HH2 HCO I_{CO2 HHZO(V) I_I(‘H4
1500 0.000831 0.276987 45395.045 -62122.430 -315975.574 —180568.712 28408.989
1400 0.001207 0.310618 42086.932 —65726.341 -321980.061 —186088.942 19327.878
1300 0.001835 0.354680 38813.608 —69283.832 -327893.377 —190926.834 10399.713
1200 0.002952 0.414078 35575.013 —72794.882 -333714.685 —195643.655 1660.474
1100 0.005084 0.496936 32371.070 —76259.460 —339442.899 —200239.289 —6853.853
1000 0.009516 0.617446 29201.676 —79677.530 —345076.596 -204713.590 —15107.286

900 0.019749 0.802020 26066.694 -83049.039 -350613.865 —209066.357 —23063.842
800 0.046687 1.103809 22965.936 -86373.917 -356052.083 —213297.315 —-30687.539
700 0.130467 1.640704 19899.137 —-89652.066 -361387.551 —217406.078 —37942.393
600 0.454412 2.708997 16865.909 —-92883.341 -366614.873 -221392.082 —44792.420
500 2.133903 5.186766 13865.666 —96067.522 -371725.863 —225254.470 —51201.639
400 15.27186 12.33779 10897.470 -99204.259 -376707.469 —228991.878 —-57134.066
300 204.1649 41.00937 7959.733  —102293.960 -381537.533 -232601.987 —62553.719
200 7362.538 236.6885 5049.521 —105333.528 —386175.159 -236080.522 —67424.613
100 15097153 3714.992 2160.755 —108321.693 -390535.621 —239418.621 -71710.767
25 6.93x108 103260.8 0.000 -110525.000 -393509.000 -241818.000 —74520.000

Syngas composition (vol%)

0.2 0.4 0.8

0.8

H,O/Fuel ratio (kg/kg)

Fig. 1. Effect of H,O/fuel ratio on
at 1,200°C.
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Table 4. Composition and flow rate of syngas (1,200°C,
H,0O/fuel ratio=0.4).

A7k A (kmol) A (vol.%)
H, 0.903 445
Cco 0.943 46.5
CO, 0.055 27
CH, 0.002 0.1
H,0 0.127 6.2
A 2.030 100
EERS
Steam/fuel = 04€ A S
400kg/D

Global gasification reaction

snuae
ELRNBITD | “oy 0 w0+ m0, = xHy + £,C0 + 1,C0, + xHy0 + x,CH,

EHd . 81.85%
+2:10.03%

MATIA S CO,:2.7vol. %, CO: 46.5vol. %, H, : 44.5vol. %
LA 2938 keal/Nm® M&IA [ 132Nm*hr

Oxygen
O/fuel = 1.045. 1.04T/D

Fig. 2. Material balance for Vacuum Residue gasifi-
cation process.
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Fig. 3. Overview of 1.0T/D Vacuum residue gasifier
in KIER.
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Fig. 4. Schematic diagram 1.0T/D Vacuum residue gasifier in KIER.
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Fig. 5. Schematic flow diagram of V.R preheating system.
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Table 5. Experimental results of Vacuum residue

gasification.
Syngas composition (%) 85~93
Syngas flow rate (Nm'/hr) 50~110
Heating value (HHV, kcal/Nm?) 2,300~3,000
Carbon conversion (%) 65~92
Cold gas efficiency (%) 60~70
120 60 1400
co
100 50 H, A 1300
£ i3 gl 3
"\5 o] 1200 £ 2
:g 60 %:30 Tomparas Gasilier pressure 1100 % g
Iy 8 \ k] @
B 07 g2 Syngas flow rate 1000 g %
g |° e 9
20 10 / - 900
i AP vj:r‘\_lb\*r" o
] o 800

0

50

100

200

T T T
80 120 180 200 240

Temperature(°C)

Fig. 6. Viscosity of Vacuum Residue related to the
gasifier temperature.

Table 4. Operating conditions of vacuum residue
gasification.

V.R feed rate (kg/hr) 20~40
0, feed rate (kg/hr) 10~25
Steam feed rate (kg/hr) 4-~25
Reaction temperature (°C) 1,100~1,250
Operating pressure (kg/cm’ab) 1~6

Time (min)

Fig. 7. Syngas composition vs. gasifier temperature.
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22} IR A AR S] A9 2 A (cooling water level
controller)?] @3}-g 02 W74 ulZelel S E3 QA
7k~ % F uRSAtEle] Bobde] obrlse] kA
Ql 7E23 WSS FAIE 4 glgl7) Wil e s
2l e = R S ) 2 e Y i kS B B R |
M deAez slast ubgy) 2 1, 23} FRaAA A
o] AfzAAR ] dAH L fR)Holof TS & 5
UKt

ellA ¥ 2 (equilibrium model)S- o]-&31 o) 30
Ae] Adfe}l AR v 98l AR I
1LOT/D 7F2E 71522 A ¥R Table 63 7
o AR o] ZaA S 918l AMEREl XL e
2% 1,200°C, H,O/fuel ratioS- 0.42 3}3i.or, AA}H
o] FF%2 1 kmolg TF3k= 7o st

Table GlA & 4 Shsvte} o] A7k Aol 9l
o] A = Ay Aol vlsle] st Efo 9l
oJA] A bt ol Aabdate] A4 ukgrle]
&AL T3] oo} ukgT)e) LRE FH517] ¢

she] qlambgol Aol Afuct A4 27Hw, A3
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Table 6. Comparison of results between experiment
and theoretical calculation (1,200°C, H,O/fuel ratio=
0.4).

o] EalA A AIAFY

H, 445 432

co 46.5 43.9

I D

Y237k (%) Co, 2.7 8.0
CH, 0.1 2.0

A 7} 278 (Nm'/hr) 132 93
Caloric value(kcal/Nm®) 2,938 2,815
A -8 (%) 100 78.6

Aoz slazAel gleiA COAl Fhanet FA7R(H+
oyl #Ae] & Aoz A=A VRS 7
o] 73$ Azl AgATe Apol7} vebded ol
L+ 7kag ARF opibg skl gt 7kad) Hhe) 9
1, 22} 7R A AR ) A9 2GR 9] exbFoR Y7}
& uiEelels B3 AR RF, el BE gt
4719w g B3 4EA T o] Al 8<ld 9
g Aoz et b AA7Ese] dk Ak
s} AA7} Ae dAFhe Aoz viepde

6.d £

AT} FEASAHE o) 83t FARAN 7k
£ S3falglon), WY rds olgsl] st FAE o
2317] 918l TR A, WY Sl diste] Al
P9} AAAZ v - EAslg e, Ogdt 22 2
FE 45 4 stk

1) 7128k AP ARG FFF 0.7~1.0T/D, ¥
$&E 1,100~1,250°C, WFE43 1~6 kg/em’ab oA
FEE SIS

2) AR 720 deke 2,300~3,000 keal/Nm®,
FAZA(CO+H)YY) FAL 85-93%, B BHE-2 65~
92%2 Jeltern, A7k F9 HS T 5,000~
6,000 ppmo-2 EAM T £315 nlukg- ghael] 23t
7ya3t whg7) 21, 23 FRAA A 2] A28
o] exgoz YL wiEEllS B3 A7k
Zo] gJslom, AHog NS {5, AT
9 WrkAEg 59 WES 2 sisie

3) YRS o] fale] kash FUZZ BE 7}
224 W kel wElE o Sslglon, AAd A
Rzt ZAe) gleir AR E Azt vlste] 7t
23t T8l slolA ¥ vepgel ol AldAe]
S ukg7)9) deAls arElElR] et whgTe] 2EE
$2)517] S5t} Aambgo] Ae] 4Rt HA 2

OlXIZ& X128 M1z 20034 2¥

2047 - A9 - A, Renevier

TEe, AIpH oz spazAel gleiM Co2 At ¥
A7EAHACO)S] FAo] & Aoz AN, ¥4
7k ko] AS- AAAAT) AR R o) o] e
2 Jehtsd Y miEells B3 Ak &
Z, ehaAgkg 9 uhg)e] Had B8 g
dale] 25t Ao wdEc Hbe A7k el
2 Aakxleh AYA 7L A9 dA sk AR eRdn

4) SFF A7) Ho|n kA el AR SIS E
HME AR 7ha3A] A EE rukg e
A, 34 2D recycle 22 Bt Foll H3le] =o]FHe]
of 3pa, o} A nluhg FhEo) o8t A9|=2AA
28] okl 32 g o)t

5) ol 29 A%, AFE B oAl s s
9 FhasRz] WS B4 d&Ald) )3k 14 s}
Aol W)zt AF5 AP At

A8

w :amount of water per kgmol of vacuum re-
sidue

m :amount of oxygen per kgmol of vacuum re-
sidue

X, : coefficient of Hydrogen in the product gas

X, : coefficient of Carbon monoxide in the pro-
duct gas

X3 : coefficient of Carbon dioxide in the product
gas

Xy : coefficient of water in the product gas

Xs : coefficient of Methane in the product gas

H{ . :heat of formation of VR

Hf 1 oy heat of formation of liquid water

Hmp-, : heat of formation of water vapor

HY o, HY coy H? cy,: heat of formation of gaseous
products

C""z’ Creos Cpcoz, CFHZO’ Cpcn41 specific heats of gase-
ous products

T, : ambient temperature

T, : gasification temperature at the reaction zone

AG, :standard Gibbs function of formation

AA, AB, AC, AD: coefficients for determining spe-

cific heat

g2
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