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Gasification Performance in the Dry-Feeding Gasifier with Variation
of Feed Ingredients and Main Operational Problems
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Abstract — Through the operation of a 3 ton/day-class dry-feeding coal gasifier, several important aspects of
the gasifier for IGCC applications were studied. Effects of operational variables such as oxygen content in
the oxidant gas and the amount of steam addition upon the gasifier performance were analyzed along with
the study regarding the guideline that would be suitable for sclecting major ingredients in 1GCC candidate
coals. Tested two coals that were Chinese Datong coal in bituminous rank and the Alaskan Usibelli coal in
subbituminous rank exhibited reasonable gasifier performance. Adjusting the gasification conditions down to
90% in oxygen purity of the oxidant as well as adding up to 10~12% stearn/coal ratio have not caused any
significant impact on the maintenance of the gasifier temperature and the product gas composition. With dif-
ferences in operating temperature at the slag tap area and the slag melting characteristics of the coal, needle-
like or bead-like slags were produced without generating any secondary pollution via leaching. Among the
criteria for selecting the suitable IGCC candidate coals, four major values like moisture content of the pow-
dered coal, ash content, slag melting temperature, heating value were discussed and concluded that surface
moisture of the coal was more important than the total moisture for smooth coal feeding and that ash content
must be considered along with the slag melting temperature. Important operational problems that were
encountered during the tests were discussed and remedies for the problems were presented. Among the
noticeable problem areas were plugging in the feeding lines, flash-back through the nozzle, the leakage of
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hot explosive coal gas, and the o-ring leakage during the cold winter weather.
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Fig. 1. Three-dimensional view of the 3 ton/day-class pilot-scale gasification facility.
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Table 1. Properties of tested coals.

T Coal Al_aska_ Datong
Analysis item Usibelli
Proximate analysis (as-received, wt %)

Moisture 214 4.60
Volatile matter 4411 3264
Fixed carben 36.88  55.04
Ash 9.87 7.72
Ultimate analysis (maf, wt %)
C 61.03 7208
H 5.10 4.69
N 0.72 0.72
S 0.18 0.65
O (by-difference) 3297 2096
Inorganic analysis (wt %)
ALO; 18.93 17.60
5i0, 4273  50.89
Fe,0, 600 1216
TiQ, 0.74 0.72
Ca0 21.01 7.87
MgO 313 114
K0 1.27 1.29
Na,0 0.93 0.59
P,0; 0.33 0.21
LOL 1.08 Q.36
Gross heating value
(moisture-free ,gkca]/kg) 53038  6607.5
LT 1162 1241
Ash fusion temp. ST 1184 1259
(Reducing, °C) HT 1224 1285
FT 1257 1343
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Fig. 2. Variation of product gas composition and
temperature with oxygen content in the oxidant gas
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Fig. 5. Slags of bead shape obtained from Ameriotm Usibelli coal and SEM picture (x200) of inner slag
structure (Gasification: 24~28 bar, 1300~1540°C) (unit : cm).

Fig. 6. Slags of bead shape obtained from Chinese Datong coal and SEM picture (x200) of inner slag structure
(Gasification: 24~29 bar, 1450~1690°C) (unit : cm).
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Fig. 7. Slags of cracked shape obtained from Usibelli coal (Left : 17~18 bar, 1400--1570°C) and Datong coal
(Right : 17-19.5 bar, 1400~1620°C) (unit : cm).
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Table 2. Ultimate analysis results of slags from
Datong and Usibelli coals (wt%!.

Gasification

Coul pressure (bar) C H N S
10 019 nd. wd n.d.
14 0.03 003 016 nd
Datong 16 013 003 032 0004
19.5 003 005 0.11 n.d.
272 0.08 005 0.15 nd
12 029 0.03 014 0.001
o 16 020 0.02 012 nd
Usibelli 17 019 nd 036 nd.
26.6 006 003 011 nd

n.d. : not detected.
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AR Table 204 HE wlsh 7ho] 0.3% w|Tke 2 A
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Table 3. Heavy metal concentrations in the raw coals, slags, and the extracted water from slags (Datong coal).

Heavy metal

Datong coal

Korea’s
environmental
standard (ppm)

concentration
{ppm) Raw col Gasification at 9~]f) bar Gasification at 17 19-.5 bar PPN
Slag & Slag 5T

Cu 8.78 11.24 nd. nd. n.d. 30
Zn 13.93 14.89 0.08 n.d. n.d. -
Co 4.54 27.04 n.d. n.d. n.d. -
Ni 10.30 76.88 n.d. 96.13 nd. -
Mn 101.5 583.4 n.d. 231.85 nd. -
Cr 19.99 10970 n.d. 74630 n.d. 15
Sr 148.1 692.8 0.03 6941 n.d. -
Fb 53.61 534.8 0.08 n.d. n.d. 3.0
Ba 3574 1146 0.15 1406 .06 -
Cd 0.91 4.25 n.d. n.d. n.d. 0.3
Se n.d. 2048.0 nd. n.d. n.d. -
As 0.91 14.59 n.d. 15.39 n.d. 1.5
Sb n.d. 1823 n.d. n.d. n.d. -
Hg n.d. n.d. n.d. n.d. n.d. 0.005
Be n.d. n.d. n.d. n.d. n.d. -
v n.d. n.d. n.d, n.d. n.d. -
Zr 36.34 197.5 n.d. 4211 n.d. -

n.d. : not detected.
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Table 4. Heavy metal concentrations in the raw
Usibelli coal).

#45  BHT

- A

ais, slags, and the extracted water from slags {Alaska

Heavy metal Alaska u

sibelli coal

Korea's
environmental
standard* (ppm}

concentration
(ppm} Raw coal Gasification at 17 1_8 bar Gasification at 25 bar DN
Slag ‘&5 Slag o
Cu 8.51 89.58 n.d, 112.6 n.d. 3.0
Zn 12.76 11.45 0.52¢ 435.9 0.10. -
Co 3.95 <l n.d. <1 n.d. -
Ni 9.72 84.15 n.d. 121.8 n.d. -
Mn 99.06 805.4 n.d. 951.8 n.d. -
Cr 8.81 16370 n.d. 15620 0.12 1.5
Sr 155.3 1571 0.01 1479 n.d. -
Pb 47.71 <1 n.d. <l n.d. 3.0
Ba 395.0 4263 n.d. 3596 0.10 -
Cd 0.30 <1 n.d, <1 n.d. 0.3
Se n.d. <5 n.d. <1 n.d. -
As n.d. <5 n.d. <l n.d. 1.5
Sb n.d. n.d. n.d. n.d. n.d. -
Hg n.d. <5 nd. <l n.d. 0.005
Be n.d. n.d. n.d. n.d. n.d. -
v nd. n.d. n.d. n.d. n.d. -
Zr 30.39 1131 n.d. 12120 0.04 -
nd. : not detected. l
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Table 5. Coal selection criteria for IGCC gasifier based on the studied coal characteristics.

3 5 °=H'L Ay 4 e
Colrnk TIL HAAR R AT 27 A7
Moisture s R ¥ | e il %B-
(@sreceived) VO 163WT Cggs vl chyel By AAge] 2u
el 38 o]4to] Hw 7}'“5}7] IR e °l == etz
Ash 1.8 7.7 wiot Ha=h} ’E}} b A S e Brgs) o f2).
(as-received) A ¢ < T-10% A3 W5 &9 FEo] %3
- Ash 8§47 oA It 9dg
B WH dow 44 Hl*&-aﬂ!(ﬂyslag)c’ﬂ 23 7pasly) Fgr
Ash fusion oA Tz o] vl dA A AR
temperature 1260, 1340°C - kg Hbgedy pwal 1400-1500°C Bk £§4e) 1000C AE
(Fluid Temp.} whi Mgle] WA
- B FAREE % Fux #7) glolE &Y w3 g5
arod =h o A g ZHeE $AEd

GitiXSEt M10d H2& 20014 63



A FAasz] AR Mg % dsel BT ket S43 Fo 294 FAY %

e 5o 23 g ede] A ¢A "ok

3-3. IGCCE 4Et2] MY QX

IGCC ¥AlAel] AHgel= Aule] dAjelalels o7
Fwlo] alAla), B 214 7137 ARE Bl 1
g5t e e FaAES AW AT
Table 59 feksloic).

A Mk ghgel disled AR 4] Hylrlas)
ZellMe ez ARgE B HEste] frdskst m)
= adelrwl fAldalele] ofd el 5 sl A
Aoz A4e 4 aglnt AR 543 3
v BE elEe] Mulg Alast o glvle Holne &
deta} ol Agie) A 22 daiMe a2 ks
7] 4l Fhag) Aol WEE EAl= gt ol
o dhall FA7k 2= vlEekn B8 o] A3
gl E29] el "agh dufe] FE3 FFHe] ok
Fhaslel] eE 1350-1400°C <M 258 FA &
oz g ok o7 woske] & gt A
HEHT A FF o] B2 ol Aston) Azl
Ztele AM-E W) =3 S Rdek A ukg
Ae] o ghEe whd AAle] T @2 Alzke] &F
o2 wkg7ie] 37171 Aot Shal olwal 2 ukg7)
2 A7 449 AEE 1208 §A7) s ]
- B Hds) Abkagke] 29 EBE A=|Alo] ol
A Ho] B3 7|2 ubdo R H43] e
7R2p)o] MREES £7) S AREEE ke o
2 A2 el deduke] 20-25% AxEelH o)z
o] & k7|7t 87HE Agel 30% o)ake] AMsbi
o] whA] WhE7|9] £EE frAsh=t KelA o
aREE Ego] WeA)A o}

AlREke] pRgRate] A AE F Hd EF
o] epe} fbell AA TS vlAE TS| A7
o] o Fe9E o 5 ogdeh ol FE nlisle] 1
AEA 25Te] 3l 5o 7HeAE £el] sl
o] F5 olfol}, skl g Sl e Halzlq) o
L v|A7|E o} B d7elME Mrhiae] s
2 A AAske HghEae] E3hE JiRSEe A
ZA g3 A Asled AR Sl 3% olFtR fA)
HE=E slglch 655 A4 Asblasldule A o=
da)eo] 3 Mgl i3t AFEANE ¥, A= uS
gha] il 7.4-12.7%<1 97t SR 1.4-4.8%2]
Algel vls] A GEE] 35%7F] WA Co, %
AEET 2% 713 Foka)=la shasle) el o3
< F9ct

WA Ete] st Sulo)A] AmBm, 58] 7%,
10%5= 270 d4bdedel gk AHoZRe] | Mgt

25 okudr £aldel el 2] coating Wl T HelF
I gle] Ak Eh) alEe) W 988 A Al
7l HAHgE dFsisEd.

Aehl] B)do] ghgal 842 1GCCM AMgshe &
Fx k3] Yegrl RS RS 45A1A S¥os
wlZshe Huleln® B3] F28 oAl HAdAP |
o}, X S7E Esie] skl 3 shase] dgt 5
2] FellM] A4 78} A5g whdalof sl AdAgl
YAl = Heh) 3l5o] o] A= gl Ale] 7}
7] Wie] EmS Sde] =X J3AlE HEsis
Zadol| Al Wlgda]gl Smo] gl videl #EdEke] 10%
olAtEle A9-epd 4o BAel uet Fiash] F
R o ike] RSlEE A& 7)ol gl &4
9 7l3r] BH e SdolA s J)ss) 8k
o] 1400°C o] Ao A A 8] A= ol -4
Zdo] 7RAsl] Wite] A HE e 24 mm AT T
FaA =Hed of A HEalle S He 4
B el R -gHe] 1260°CR - Yekis)
] A2ele 4mm AE Y] WA Eele] =X
H AL A F g 4 9l AEeE B &
H3e] 1340°CR B2 F3 dE2] el 2mm gt
F2) 2Z7} ol FiFh

Al g 1GC WAl el 2 AA|zl 24 e] HQA)F]
T 7REEleA e Zhe ket Bite] H2 ek AR
e AR SgulAed (Nyslagyt el 2715
E5v vdstaE Fasshe &4 ue] | Bt
2 ¥} B oo gz RE wadsld e o, 3
Po] M2 ele) A4, UL o sk} £
el2] zHHA el TEle] oAl AL glon) 7}
287 oH&-344] syngas cooler 5 Ha2kr|o)M] £-§-
vzl 218 Z217) (plugging) TAI7 HAS] Ao
A HellA] F A ] gl e, o] Ao M=k
W FEE Ay sRasl] RS Aggde
2 X5 YHAE X3 T = glers A
e, Hafes 5 g RS 53w 94
Bl THARMEr] RSlRe] HAYYE Podsledol & A
olc}. u]Zat Fio A B4l 2459 demonstrationd
IGCC HA4To M A abs 4174 ] shudown)e]
£ = £ Sda) mfRe we] FllEez, 7}
257 Frron FFsE 99 ofE Fol:= THe
AA 7] AAANE JLE] ZARE o} 3 EAl=
Held

alefarlebal ko) 3R] 430 115 e 1
~37) 275 il 7T R delrle lEe 3
FAEel FA et ohd Al 2= S-gulake
A Yol = FHo rlazly] Foho] wiThs vt Ak

Energy Engg. J (2001), Vol. 10(2)



100 T8 - A - 22U

wr g gge] =24 welAA "o ¥ de] 2
A AlEF delasieky] As-ls pale ksl F
o elighe] bl AR Holed), ole #e A7
otk rL2sr] o] riAEwrt HEEEF oL
2 s 2 2L 333 olE & 4 vt
wEbA, R4 SJee] RAshr|o] ARS-EE ARk 34§
AL Fla3p] wheedde] 22Xl 1400~1500°C B}
100°C AE P2 345315 715 dehg dAsis 7
o] fejstetkn wddet. &, 38-8-de] 1300~1400°C
ol Merd diatstes JdAsks Aol ebgsieta Bk
o} 7] 100°C Bl E T AL THE ABRZ AR
3Pz ibETellE A S 2esddR Haedde] 9l
Al vlgle]| 3 o] F TEAHOZ HA)= oF7] dE
o}, ATk} vkt B2l 455 £do] tloja] ¥
=2 37|74 H SdulETE et A EWEES v
AAA AT Ha 15D oY e s He del
W E ) glemg 58832 B3] F2)7) 27
= Wadste] A3 azleldh e, 7 Al E 39
48 540 2R QUM R 2L BE A5l
ol Hgale A& vigEA 4T, O Al |
FAME AFE Bl UEsledobit Held AL o
2% dazt gl

AN ete] ubaek M BRl, 74 hesr)el A
= utedape] 5,000 kealkg L2 whe Aele] A4}
= Rkt 38-ge] 27de) whech rhaalel] A1
Sl e 718 FAIE dle] ¥l oy, W
o] v Mele Helg Mgk psisledol sk i) 4l
Aofla] o) ArdeF Aekg pisle] AMgsledof
ik AAlA o o shdr|EeR gulsleiof &
et #od

34, 71480 2FEH| S4 nietyt chy

A EFH A= 7137]9] APE Tl A %
Ag o e Fa FAe] BAS el o EA
29 Hd dAle] dldx A=Y 2 AR
£ Table 6] £oFsle}

A2k 26l P EE o)ieks YER
AHESHE RS TR ARl weE] 1A W A
AL 952 AHEsl= 343 vasle gAAAE 2
dEHdM 7]EH o2 2hds] SldEA] g2 TA-ES
23 Qe aebA, o]#HE A sdS f1%E o
s a7Ee mak 205 A Ak Feo)
P}

2 7l Adulg] 23AYES el s e
T 22 AT shis wvR FEe vlEst
2] 23] dabe|o}. o|e{dt ] AR TSl 24

OllZISE AM1od H2s 20013 63

Hm& Fold FSILD A58 4 UYEE B A
E A83gEk ) ST 2 At dErlE A
Haled 2YED FHE FAE £ d2E gl ¥
o] ZoA wtg] dAke] ARy n|ie) F£9]87]9)
7haslz] Alelol Az AsHA S} At G438 A
a3 v| Rk 29140] 2 FEEE b Al A
5 e@ju]A xgkgle] FAF) Fhadbe), wdt vz
F 5 Abialeld] Az)9 eaja]s zjadghe] bt
0 o83 Aielelel AAY ealmx Agte] gt =3
Y3 FAasie 4wE Helvl olelg dalte] AR
AL o WU S Eild T2 nE B2 Fohd A
& A& 4 9len o] 2AE whig) & o] vl
el E2 8-5d el oM 2yl st 5= gl

o3t Faldo| WY T Aol H FHAME o
1)2] wjdAtell A H WYEV)E oAHHOE BARgRe
2A wElEAe gl A v 73] |
A2 g 7hA] el 2siAM E 9 glAEE B3
Hu FellMe] a8t gl 7hae] REalgnrl v =
A FZ3IE] A A9s} v]ig FUL71e 5
A FEu Fo] 4% dste wuze St WAy
So] gle] B 4= gle}. o7t wWAkS WA El] 418
of FlsbEA o] AAA] HlelAe] Eadme dAH
(2F 15-20ms) o4 FAEl] 2YE 5 UEF 44
Eejo} 310, 7hadl7)9] grew Bl W2A) A3
UEE vlEgt F447]9 4492 7P 3 AA A
k= Ao] fejsiel

A71E vlel 2 daFFe] = A4 oleq, F
87|l A3 vkl A357) 43 wet F
Fo] ubEle] AzFe] g HASFEIME FUE
= ol Rele) fake] Al HERE date] g 4
slict. olEldt 2gtor qlsle] Aafe) HHge Q4
ZAeiv)zl 9 Aabdd] 22 2] 7L
287|9] Lx7t At AA7has] Ao HEEE
HAE E 4 gl S sk 22 g At
FAe] 4T A $AF Fapaee] HEe] ¢l
gl = BTk ARP] Lxr) Abssta AR 2
AZ CO= 2713 ¥l CO 9 He 4hashe 7%
& ¥ AkAMEr 91 A 3RS SEY =
QAAEINE £ 4 Usiot ol=E HARS Al 4535
3 a)3)7] YelMe AT rRadr|e) 2R g A
7k 2A1G) HHHARS Fof ) gr)sle]ok s 9
2] S Allel AAlEl] Salae nliete] 25
A4 A fAlsk= Aol Fash o gl6iM 2 4
el A Meke] Axalede) B Aot A
A o)gete] 28 gl =2 938 A2 sk
oot w3}, ojeigt 2jghe Eo] A «iEslz dA 3}



A kash] ARS AYUA % AN wE Slest SAd T2 ey A 101

Table 6. Major experienced operational problems at the pilot-scale gasification system and the proposed remedies,
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