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2 9

<8 Ut 57 ZRAtolA 9zt AaEE FARAE (Vacuum Residue) 3 oF 200,000 B/dolw,
Hi= Asphalt =& Sulfur fuel oil, 7]E} @%FAHRHD)SNM upgrading H1 AYth. FARARE &
% 2 FF5 EAY FRFl w0l /128E FF 5&AQU olfe] aFHT on, HIEe] HELH
¢ FAAARY AMEE Y8t SKAF9 LG Caltexs]A] 435500 MWe IGCC wdi ¥ 4 AXTF
Fe A% B3y 2AE @ 9 Aok

A FFAUANEATFINNE FAERY 7T2FAE o839 FTAMAM7IAY 5S40 8
A7 $¥sin Yok AP WSS E : 1,100~1250T, ¥4+ : 1~6kg/cm’G, oxygen/V.R ratio :
0.8~09 and steam/V.R ratio : 04~058 §X 3 FyP=gon, A¥L F3 FH712(CO+HH) =4
: 85~93%, A7t~ &% : 50~110Nm’/hr, L& : 2,300~3,000 kcal/Nm’, AHEE : 65~92 &
WAEE : 60~70%F ¥& & AN olgel, BYRAL 043 FAINFIIEY FHE 2¥S
oy AddaE dEdae viwsie wde eFAS JHESAT

Abstract ~ Approx. 200,000 bpd vacuum residue oil is produced from oil refineries in Korea. These
are supplying to use asphalt, high sulfur fuel oil, and upgrading at the residue hydro-desulfurization
unit. Vacuum residue oil has high energy content, however 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
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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 hydrogen production facilities.

Recently, KIER(Korea Institute of Energy Research) are studing on the Vacuum Residue gasification
process using an oxygen-blown entrained-flow gasifier. The experiment runs were evaluated under
the reaction temperature : 1,100~1,250C, reaction pressure : 1~6kg/cm’G, oxygen/V.R ratio : 0.8~
09 and steam/V.R ratio : 04~0.5. Experimental results show the syngas composition(CO+Hy) :
85~93%, syngas flow rate : 50~110Nm’/hr, heating value : 2,300~3,000 kcal/Nm’, carbon
conversion : 65~92, cold gas efficiency : 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.

LA &

HZ Uty AuA 4v Y4E A¥RE A $£F S A5 A9 Aoz Addo SiE
d T FAHK 27 AEHeg FUHE3 Qe v 24X diy] o9 ¥WAE 948 AR FHR
AL A Fol sty LAY bunker-CHE AHS3IE RelAd 3F d8<Ud BIARY 7l o2 1
AYAE A@sc A0 Aok wEpq ALAA FAR 2ul F7i9 AR 48 Zavt 448
T} §3 959 u3E YhE APIYIZoZ B 9 19709y @ 2547 FFog 33701W o] A
&30 7AdHA 19908Y Zuele 32290 oJ=A HUY. o] T API BlF9] ghz ulFeo] e}
e 74 AR F FEFE] FHET 0SS ez 1o, vie AFA 49 dHoE e
d 2HF F7ts} 873 FAQ A2 AFY ARAe UeAel FUiHo F - AAR £F Yol
7t&3En Aok gk A R FFAME 9789 7T Sl ded SR/ AHEdA BHoiy
AR ¥ AATARe 8, FEFEH, FA4EY, FEINY 5E o&3%AY, SRIUE BLIA
Adunn we 22 HFAH FARE EHAA @1 FEIHEE e AYFHYLS olL&sd
AAREY $¢2 3772 AW
AR feluet 57 FRANAN A9 YAsle FRZAME (Vacuum Residue) 32 oF 200,000B/Do} o,
Ui+ Asphalt T Sulfur fuel oil, 71€} SR FYRHD)SHAM upgrading H3z Aok ol 7i¢ 9]
83 dge 49F £9 viHol L FA E€352 AL AE @35as AP A8 £4
E97) oA ZoiE o) &5d 28 EHIHAY 8 JE L F29 vEda HS du2 gRsie
Jejojtk a2y ditkye FAR AAN FTAL 4P F2§ 20 dEd 2o &4% wiHe
2 £4F A7) 48 71y AL PP olFolx Kk NF7A HFAH FAHAN F4§
Az PHoze FE AR P B84 Jl23 WY T2 FRAY. olF F&u, R4
R FF7] W02 ey AN E Jied Blissd dESNE R4 98 R §9 2
29 A3 J}F e ¥A AU H 3 CO2 FAHE 72§ AZde Vol 239 F§ o
gaol, 3, vz TAA FAZANR-(Vacuum Residue) 7}123EF F3 WA= FH7I2HACO)E
o] &3t 250~500MW IGCC @adst 7HEFo low, £ 44 % 3Fde29 Algo| FUsx
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RE Aol wd, FUY BALE AA FT FY BN Teacortist FFoz F& ¥
Bunker-C#-& 7h2gisle] uucls 44¢ Ao A, ¥4 LGHY UF B 3 Octanol F3]
 Shell 3322 Bunker-C#& 712882 Rou, olARA F#F%e) FARARE 7288 3¥
€ 9 At ¥4 BRI FTARARE ol83te] SKARMNE 435MW IGCC Wiz & +
A AZFHE AT B ZAE @ 1 0w, LG Caltexs| HE 500~700MW IGCC @34 d4E
A% B =4S @ w Qo

B =RoME shas 2EEE R $A4FY0NA Jag $SEEs} B T AP o
AG g2, PN FN7 e 4 EFY 428 FAE ol8de] U FRITPAM 4N
93 9 FAAAGY t=s 54 2R 238 BARE AFEA, FAWRS HERY Stas
Zlge] g 2271¢ % 2AVEE FREHDA AT ohgH 4¥AHE YYRLL °8¢ FAR
AHE Zh2stel i olEHAS Bu ALY 44vaY 24, WEF T W mmagen, a%
& Edzste 5 FARARe $A § £248F4e) 44, 24N B8HnA FATh

2. o] &34

FFUA AT ANNE §4 BFY 7t FNE )8 a7t AT7E T 5% 4%
3 know-howE oz 3o FARARY 7128 AFE Y% Ytk YWz es ue9 7tAg
A ez Ag E FADZAAR AV fY=E FE S w24 AR e FE9 FERPS
Aed =7t 8 Aot AT dAS] TEH Y HYAY EF(volatile matters)o] uj& =3
(devolatilization), /¥ charst ¥ is} whgste] H9& 430 A2 2 7128 AL HA
gt 7t2g7) el 4 AT w9 &S A FAresidence time) R ¢ WE FL&&(heating
rate) 2 BT A4S Aoy 2y 2%, £% 2 FAYrt2e 24 T 9¥L nAAL
o olst o] wlg EJF Mg R FAZA 128 AFTE 94N HYE /HPSGe PYEY
(equilibrium model)*'& A}g-81e] tAstA FelzAe] wWE Yst2e) 2, FAF & FAY 5
Atk £ =89 ol&s4 @ AP AALR 3 SK BHAIA wiEHe FAJAR) 4E 2 8l
% BEA e Table 134 2t}

Table 1. Chemical properties of Vacuum Residue

Carbon | Hydrogen | Nitrogen Sulfur HHYV
Sample No.
(wt%) (wt%) (wt%) (wit%) (kcal/kg)
V.R. 81.85 10.03 0.20 5.72 10,010

Table 1-& ]88t FAJARE C Hete] dg4og FHFHA CHiwE ALHY, olg ol T
@A) global gasification ¥H-§-4& olefig} Ze] XY + AUtk

CHigy + wHyO + mO; = x:H; + x,CO + x3CO; + xH,0 + xsCH,4 )
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919 global gasification W9 EFAF+AAE A€ + on d35 2o

Carbon balance : 1 = x3+ x3+ x5 )
Hydrogen balance : w+ 0.735 = x;+ x,+ 2x;5 &)}
Oxygen balance : w+2m = xy + 2x; + x, @

7428 Aol AR stel dE9Yo] 12 0i(adiabatic), G4 BP&(carbon conversion) 100%2 7173 3}
€ B 7123 334 g AUAFN4L g 2o

Hive(T;) + wH go(T;) = xHy(T,) + x,Heo(T,)
+ x3Heo, (To) + x4 H g, (T ) + 25 Hew (T, ) ©
A7NM, T;=298.15K, T,= Z3¥+
H(T,) = H;;+dH, d4dH;= (T,—T;XC, ;)
Hugon(T;) = Ho/.;lzo([)'i'H(,,ap) = —241,865 kJ/kmol

H4,00(To) = HYpow + 4H go0

% 3 2 Y (equilibrium model)& RE Wgo] YA oz FYY#A Qlvke 7Pl I HYo] o
Fol AT F, FARARY GEH PAPEL 2% WL U9 S84 247 AN whgo] o] Fo]
An] ol G ALEES U ¥ HY A" o224 He RE PG oju g 44 #
F4742 whg @ HY A4 (equilibrium constant)= 4] (6)3 A (7) R A @) 4 (98 Bk

C + 2H; = CH, (6)
CO + HO = CO; + H; @
P,
K, o
B ®
k, - Feo B,
FProbyp ®

A, 4 8)F (9)8 global gasification WgAe] FE9 Lx9 V42 XFWHA dgs) 2o

X5

methane formation : K;(T,) = ) (10)
1
Shift reaction : K,(T,) = ;l ;3 (11)
2 Xy
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AN, Ky(D = T Enp(JOLEE. . T4BXI0 7 2IGXI0 e, DL 4 541)o) 31,

-4
KT = T‘-‘*Exp( BILIE . 21600 — 7 S0 —18.013)°lt}.’5‘

Global gasification ¥Hg-& 8719 BF x;, x2 X3, x4, x5, W, m ¥ TE 2ton, o]F HELE Ag3ly
UA g 6719 EAFA, uiAFA E HYWNIAE FEIAL. ol ¥WF T HYYES FEE
el M4 x, x2 x5, xa D x5 vlA]e) oy, S EEA FUHE HO0Y & R 09 & 2
P31 WgLEE FAWS oL bb FHWSA WELEE TSI HO09 ¥ FH FUsE
Foz FFgozn Wgo Fad O ¥ AHE9 4 A FHAF 6719 F4& A AQE 5
ok YA s 6709 Ay 4L Newton-Raphson methodE o] &3tgom, 5&23: 10°e2
AAste] W8 2]]g fIysGT A4S 4% (AT AFe FEY BE F2 4+ dey, A
g A g AuAFALE A&7 9l o AF D 4GS JHye Table 2, =0 wa}
Zr Alg grol 2ebAle 4 (10) 2 (A1)} HH§ AF g Table 3 Adstd 42 Jeh ik
BERLE o] &3te wgr] VR 2T 1.200CY™ FAJAIR HO/fuel ratioo] W& g7} ¢]

€ Fig. 1% #oh a2¥elA B 4 leuiel Zo] HO/fuel ratio7t W gol whe} §A4712(H+CO)9
EE 95~-88%=2 S AHAon, H:0/fuel ratior} Z718IHA Hoe Ao 4A3A §x81n COv
GATt ol= wg7] WRSEE 120008 nAHste 39 HO/fuel ratiort F7tsbaAM $87] R+
H 071 #7130z FgHo] g7 &8 Hojxdy Hy, w$7]9 2= & {37 s 4
7} 271402 3RS0 7149 94weS B2 Vo F, F13Q dadee FAINE
g9 F714Q 2% E of7)sly, mtA CO= HO/fuel ratiort $718tdA F7131A sla COe #
2874 €o. =8, HO/fuel ratio7t A% F7HEE 2% Ho @E Z428E AL 53 ¢ + AU
ok i, sigke] Fee A9 YAHA g Aoz AYHAG

3

Peobu B oole N

Table 2. Constants of Heat capacities and Gibbs functions and heats of
formation at 298.15K (kJ/kmol)

Constants of heat capacities* o

Formula | Phasel = T, 06 | 10% | 105 | 20 | AHiss
CHi g [ 1500 ;1702 |9.081 |-2.164 - | 50460 | -74520

H, g | 3000 3249 10422 | - |o0.083 0 0
co g | 2500 3376 10557 - |0031 [-137,169 |-110525
Cco g | 2000 | 5457 |1.045 - |-1157 [-394359 |-393509
H;0 g | 2000 | 3470 | 1450 - |0121 ]-228572 |-241,818
HO 1 - - - - - §-237129 | 285830

0, g | - - - - - 0 0

C s | 2000 {1771 | 0.771 - |-0.867 "0 0
CHi89500363| s - - - - - -86,913*

* Equation of heat capacities is Ci;/R = a+ bT+ cT°+dT 2
* Hesse] Yoz ve 455U
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Table 3. Function of equation with operation temperature

2%(T) Ki K2 Hy, Heo He, H y,00) Hcy,
1500 [ 0000831 0276967 45395045 62122430 -315975574 -180568712  28408.989
1400 | 0001207 0310618 42086932  -65726.341  -321980.061 -186088942  19327.878
1300 | 0001835 0354680 38813.608  -69283.832 -327893.377 -190926.834  10399.713
1200 | 0002952 0414078 35575013  -72794.882 -333714.685 -195643655  1660.474
1100 | 0005084 0496936 32371070  -76250.460 -339442899  -200239.289  -6853.853
1000 | 0009516 0617446 29201676  -79677.530 -345076.596 -2047135%0 -15107.286
900 0019749 0.802020 26066694  -83049.039  -350613.865 209066357 -23063.842
800 0.046687 1103809 22065936 86373917 -356052083 -213297.315 -30687.539

700 0.130467 1.640704 19899.137 -89652.066  -361387.551  -217406.078 -37942.393
600 0454412 2708997  16865.909 -92883.341  -366614.873  -221392.082 -44792.420
500 2133903 5.186766 13865.666 96067522 -371725863  -225254470 -51201.639
400 1527186 1233779  10897.470 -99204.259 -376707.469 -228991.878 -57134.066
300 204.1649  41.00937 7959733  -102293.960  -381537.533  -232601.987 -62553.719
200 7362538 236.6885 5049521 -105333.528 -386175.159  -236080.522 -67424.613
100 15097153  3714.992 2160755 -108321.693  -390535.621 -239418.621 -71710.767
25 6.93x10° 103260.8 0000 -110525.000 -393509.000 -241818.000 -74520.000
20
—~O0—~ H,
-0- CO
— -4 CO,
E 60 - —0— CH,
g w —
B
@ 207

H,0/Fuel ratio (kg/kg)

Fig. 1. Effect of HO/fuel ratio on gas composition at 1,200

Wgr19 &X& 1,200C, HYO/fuel ratio® 042 fA3e 3¢ FARAR tkmolo] & F47t=9]
F4 % HBAdFL Table 49 B}
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Table 4. Composition and flow rate of Syngas
{1,200, HO/fuel ratio=0.4)

A3 z4
q
A7 > (kmol) (vol.%)
H, 0.903 47.46
co 0943 4954
o, 0.055 287
CH, 0.002 012
7 1.903 100

E&AFe] 1373 FAAAHR tkmolg 71Fe2 d& AR Table 48 71Eo2 FAIAG FEHE
1IT/D #R3te w879 &8 1,200C, HO/fuel ratio® 042 FASE AL dd FARAR
7y=2re] EASAE Fig 28 2t 1994 B £ e vis} o] g7y HEg F8 d&do] ¢
I 100%9) Pg2ABNLL AFE Hee WAYIATFE 143Nm’/hr, I FLE 2,709%cal/Nm’ 2 A4+
=t

2 500kg/D

g W2t
Skg/hr = 100T/D

- w=a Un "‘fﬂ‘;ﬁ:‘g,c;"”“ : 100kg/D
Steam/fuel = 0.4 YA )

400kg/D

Global gasification reaction
JCHy o+ WHO + mOy = x i, + x,C0 + x3€0, + x H,0 + x,CH;
HHItA X4 CO,:2.8vol. %, CO : 49.5vol. %, H ,: 47.4vol. %
2rH 22,709 keal/Nm? 44 IMA F 8 143Nm¥%hr

SEEMRITD
Bt : 81.85%
+§:10.03%

Oxygen
O,/fuel = 1.045, 1.04T/D

Fig. 2. Material balance for Vacuum Residue gasification process
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3.34 %

31 Qﬁ %,-qmmm

7Y% A (Gasifier)e oxyfuel 94§ A% E48 sl HgPA9 Ao HA=o] FAAA G
o DAL EFET AqLE 99% 44F FIRHE EFF 28R 2A HEYY 257)¢, e
£ 1800Te°]9, top-down firing $4jc 2 dARAD. Fig. 33 Fig. 4= 27 KIERY 1.0T/D &4 &
4 78t FXe BAA AGEEF BA9gF3 .

V.R drum

Fig. 4. Schematic diagram 1.0T/D Vacuum residue gasifier in KIER
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7t2s g2 Yie ojFos @ UdddAds ¥ ddAz Ho gloy, FARA, 2¢F ¥
AEEFELS F 1,100C~1,300CT #g2x Foj FE43 w3t CO, Hy COy CHy HS %
COS Z9o FA7tLE A48A g wg2 ¥dde 71287 YR¥gex 538 Riype
thermocouple 1789} wtg7] =de] xRy U d&d F& FAs7 A8 12709 Ktype
thermocoupleo] Axlglo] Qo). 7tAslz o] steRe 1e7ia 2 YAE ouiger s FEe7 A8
¥4 2 RF 49 2EZA7 don, 3449 nudgie Sddia WEHn §A7tEE down
comerg £3] 7}AFAAA (1, 23} carbon scrubber)2 FF ot HAFol stA3 W& HAS7 A
IR(Infra-red) #4717} slZzoich 47129 24 AF 430, £ onlinee2 G/Co} AZAFA
7hARAE v 30~40F F7]12 FASD. ANE @S £F 2%, 4Y, BV R VR EE R¥ T
& Y AFEHSY dgHel 1% /15 dYHo] £ ¢ FAAE FAA ok FLEAA
A ¥lEEE g4t E FdEe] Eodle 13 9 24 2 AFZA A Dlig gavt AASD §
A7t FFAE AX flare stacko)A A4ET.

gedy FARNRE nAdHolng MUE 539 st2ggX dor FFEI A8 KFEL
Ast7] 98] FALARS SEE 150~250THAR fA = ojop &vy, o]& 13 Shellil AFQ sAwA
ol f(Shell Thermia oil B)E A8-8lo] o A 2%& Fig. 59 Zo] FA48AS

V.Rdrum
Silicon rubber heater

Fig. 5. Schematic flow diagram of V.R preheating system

ZARAARY FFE YT €S 58 F549 FRE v TP 8259 ey, ol& A
Fig. 5ol & = Sl upe}l o] R 2o Al FFetde olFBoE FAHYG Y, o} & FF9
s WA FAL A8 APPSR E—i}%«l #d4E 9§ super heaterE HX &Yt

WE719 Uie 2P EHEE 2 448 TS5 oA st28E 8 dFAY FEST
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ol¥old F A=FK LPG R F7]E o]83 Ui WD LAy FLE FEo] o]Fo]
AT USRS FES DT 4LE 39 ) WRREE 1200CHEE fFASAor @t wg7)
WReE7t AAS FASRASEE LPGE Adstn FARALR 2HEHE R 44§ FI3td ¢FE
BFS ¥Aggy st2rgS AYPEA €d.

32 493%

4EE FAIAHE SK ARAAES AU en, 42844 2 $EF #4A & Table 13} Zo]
carbon o] 81.8%2 ¥ ¥, Hydrogen® 10%Z vl 22 wrd {FRPFL 57%2 A vf¢ &o}
A FU @RAFAZE AdERFZ AHEE7] odTE RE & 7 A 25 @E AR Fx: W
B AR olEd BB v TG 84F9) Huoln, Fig. 6914 & & e wvie} o] WA
9 AxE WA 2E7H150C olde2 fAHE Ff ol FAE fle AL ¢ F Y-

160
140 T

120 4

-h
8
z

Viscosity(P)
8

0 T L — ¥ T

80 120 160 200 20

Temperature(°C)
Fig. 6. Viscosity of Vacuum Residue related to the gasifier temperature

7b28 4¥e wgRI) 2R FIFFE 07T/D #EZ dgon, A:{FE 2BIHEA 7]
WRexE 2HAEE ) 723t 499 $A2UL Table 494 Zovw, wgex 1,100~1,2507T,
Wg4e 1~6kg/cmab® FASHc} 7128 4YAFHE Table 5 R Fig. 7o) ebd wpel o] §4
7EA(CO+H) S =& 85~93%, $AF 2,300~3,000kcal/Nm®, AA7t2 #3F& 60~110NCMH, H,S&
5,000~6,000ppm= EAM S} Fig. 7 W§7)9 &= F o] wE FPok2 2JURE Jehiin,
gHg-7)e] o] A stazAd oN CO7t Kot Wepxie g # 4 flen, CO, ¥
CHie & 927 Qle A2 Yyt $33A49 F3%F2 48229 07T/D #E22 {A3I47}
AR ez F715t9 12T/D FEAA {FAHRH2Y, 447t #Fe FA/MHY FIFE 12T/D
FEZ2 @ o 110Nm’/hr2 2SIt aPelN ¥ 4 € vieh 2ol F472 fFo] de #5853
22 Yeged ol $AF vvtg @i o st2% w87 B 1, 2% HA2AAZAY 492 ER
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X (cooling water level controller)e] 22tFo 2 YWty w2l 5 4729 §& 2 urg4H
o] EetAo] ofrigo] HAHHY sta%t vEE FAY 4 A7) HEY Ao wddy. WA, FF
DRHA Flast LWAHE AANE BrHoE slag Wl B 1, 28 HA2RARAY A8zER
2 o] A7t FA ok F§E & £ AU

Table 4. Operating conditions of Vacuum Residue gasification

VR feed rate (T/D) 05~10
O; feed rate (kg/hr) 10~25
Steam feed rate (kg/hr) 4~25
Reaction temperature (T) 1,100~1,250
Operating pressure (kg/cm‘ab) 1~6

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
60 1400 ( 120
co
50 - h H, - 1300
o0
% we|
o 40 L
s £l £
5 B e g
% 30 F1100 E‘
2 H H
: Z| .8
@ 20 - - 1000 % - 30 g
] @
o co, o
10 4 / v/ vv\_s-l\l__——\}_ 900
CH, X
0 T T T ﬁ 800

0 50 100 150 200
Time(min)
Fig. 7. Syngas composition vs. gasifier temperature
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ol A BY 2 d(equilibrium model)E ©] 8% o] M9 Aol YA vlRE A BALH
FFH 07T/D FEE 71Fo2 JZAY HIRHEE Table 63 2o} 483 ol&sde 98] A48 &3
ZHL g7 &5 1,200C, HO/fuel ratio® 042 YTt

Table 6. Comparison of resuits between experiment
and theoretical calculation (1,200C, HyO/fuel ratio=04)

olgsiy x| d¥z%H

H; 47.46 428

co 4954 45
337k (%)

CO, 287 11.0

CHq 0.12 20
¥497v2 4% (Nm’/hr) 100 467
Caloric value (kcal/Nm’) 2,716 2,695

gLA8E (%) 100 70

Table 614 2 % Slewbe ol A47h2 ZHe] YN ALAHE 4YAH Wad 72z B
4 QeI FA veited ol ALAAS A wele dede maAHA Yob werle LEE
#A87) fstel Aaurgol WY BFuT AA 47w, ARHe2 Skazd] HiH COel T
45 YYLH4CO)S 2Ho] B& ROz AVSAG. FA7EE £39 3 AVANL A9BAR
o 24 olyoz Ushged ol& saf 493 nwg Bl O¥ skas wes ¥ 1, 2% 723
AR AA2PRA 2AF02 Y245 HEAIE FE Fh2 48, vLABE R B8Y)
9 YHg FE &4 59 943 A 899 4F Ao BVEL WA PAstad dFe AR
Ast 4YA7 AY ARE ReE veich

6.3 &

FHERE 712 AAE ol 8T FHABA Jt28E FYHALH, FYELE o83 k=% T
BE A5 A8 4Por2e 24, $9F T B APX 9 ALAE vE - 44U, O
% 2e FFAE Q& F AW

1) 7t23 A¥e ALK FIFF 07~101/D, $&LE 1,100~1,250C, W848 1~6kg/cm’ab
Aol FP=Ut

2) RAE FAR7E9 9F L 2,300~3,000kcal/Nm’, FA7F2(CO+H)S] AL 85~93%, AP
€ 65~92%% Jehgon, §A47t< F9 HS §FS 5000~6000ppmos LAY EHF vl
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HYEDE o] 83t FtAA FUXA WE tAZA L BAF] WRE F3Hon, A4F
B Bt E 2 QoM Adtde g Hste stas &g oA EA JElRD. o
= AdZTY] Ze gl dEAE aEA @ol werlY & #AY] HAstd dxug
ol 439 FLET HA s7=HY, dYFoz stazAd UM CO9 #a 9 F47b2(H+CO)
o x40l & Aoz AMEHJ §A47t2 £FY AS ALdZAIL AEAARG 24 ojgo=
et W4 sEeids B3 JA4U129 §F, S4A8E 2 wgrle] wue 58 d&a
T 290 % Aoz woEn vy JA7 A BEFL ALAS} YA A YA R
o2 eyt

FE F71Holv A HQ FTAFARY 7128E Y FADAR 71234 AAYHE ojeg
7HE9 A|A, B4 o recycle X wWet Fol diste w=ejH ool dv, ofge A4 viurE FHEd
o Az FAA 9 AHFHY AL PFHojdh

5) olgs| 4o A, 4¥E BH gojd @238 ge 9 JtASFA HAL ¢ E&4d U F43
d AR dig A7FE AP Y o FPoln.

4

~—

AL & 71 &

w : amount of water per kgmol of vacuum residue

m : amount of oxygen per kgmol of vacuum residue
x1 : coefficient of Hydrogen in the product gas

x2 : coefficient of Carbon monoxide in the product gas
x3 : coefficient of Carbon dioxide in the product gas
xs : coefficient of water in the product gas

xs : coefficient of Methane in the product gas

o
Hyya  : heat of formation of V.R
HY . A
fwow : heat of formation of liquid water
H.p  : heat of formation of water vapor
Q a Q
HicorHyco, Hicy,  heat of formation of gaseous products

Cen,» Croos Croo,» Cono1 Cren, specific heats of gaseous products
Ti : ambient temperature

Tz : gasification temperature at the reaction zone

AG’  : standard Gibbs function of formation

AA, AB, AC, AD : coefficients for determining specific heat
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