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Abstract — Australian coal was gasified in an internally circulating fluidized bed(0.3 rd 2L m high) with a draft tube

(0.1 m IDX0.9 m high) and a gas separator over the draft tube at atmospheric pressure. The effects of reaction temperature
(780-900°C), oxygen/coal ratio(0.30-0.53), coal feeding rate(5.3-12.1 kg/h) and steam/coal ratio(0.30-0.81) on compositions of
the product gas, carbon conversion, cold-gas efficiency, gas yield and calorific value of the product gas have been determined.
In the present coal gasifier, low calorific value gas(3.3-5.9 B)Jitmthe draft tube region and medium calorific value gas(8.6-

13.2 MJ/n) in the annulus region can be obtained. A predictive mathematical model is proposed based on the bed hydrody-
namics, reaction kinetics and the empirical correlation of pyrolysis yields to predict gasification characteristics imalg inte
circulating fluidized bed gasifier with a draft tube. The model including the effect of combustion reaction in the freeboard

region can explain the reaction behavior more precisely than

the model excluding the effect of combustion reaction in the free-

board region in the reactor within the range of variables studied.

Key words: Internally Circulating Fluidized Bed, Coal Gasification, Model, Draft Tube

LM B

Aeiashe A e Aaas Ak, olslah, 57, $49
e 71A19 WHsA1A AAE CO, H, CH, 52 71318 & &
27] % RrEER AR ARAA ARgEAL e, Ak 7]
o8 2 slehEd S AT 7IZUERE AMSShe A olth ol
e 7}12' FANES 9 wkeTIR IAF, fES &
=0 WE7)e] B 9 -8 ejol Wio] hils| At
o] %21/}, uid oz Met ¢t Yae 29 uke T ANEE tar
o} slagging ash®! clinker?] 2], At 7A%E 9 AA71Ho F&F
P aE| 712dE A A7IAIS] A8 (selectivity) B 5

TE-mail: kimsd@cais.kaist.ac.kr
*Present address: Power Generation Laboratory, KEPRI, KEPCO

259

FAMeRE Yehta Adrt olF 5% 7k=3PH[1-10}> dolomitet
Ae A7 B 3 vrsr] o] 2yske] AFHA g3te] 1
stoz 788 Aeke] Hzjo) 7 AAH 2HoT HWrley 9o
Al o] F Bhads ‘O] A, B A Be 7ps Bab go] P
sk, 2 HAAEe] A9 AAErF e FErhe ol AlEHEL A
o] Y=L UTH3, 7, 11-14].ol2ig Mo R ook Mg A
S3al, DRAA T BRSSPI Ysted wker1e] thesl 2
tsls o|FAY, Bhad ég 7] et 3] &3 (ash agglomeration)
TS Ak st 01 o Apldel dsto g fE3 s o
2 FHe 7R Uy 5% o83ty 7ixsl uke7lE A
3kl ke A7t 11635101 23 St} f5% Qo EHZE A
Ao 2 wHTA S ofEe2(as) ¥he) oI B ER[A
) 902 R 2Yske ‘H‘d &8 53 WIE dlewes
Tl Hafs3t Y229 £5717 EHZEFAXE 7-100<]




ol

Swo] )R FYHe] T
El(_‘aan,wu o] Ao ¥

% Alels] W A 9]
%71013}[11 17, e

Aoz 71EH?4_E}[13, 14].

7 0.1m,%°] 0.9ne] 22y f‘ﬂElM =2
3m, 0] 2.7kl Wi % {53 el
x)8lo] W *6’19:5(780 900°C), 2+2/A%E H)(0.3-
(5.3-12.1 kg/h),5%71/41% 1](0.3-0.81%] 3}l
24, W7k E *ﬁ”ﬂ* WA, v A8k, cold
gas efﬁcnency#’ﬂ A= G AR, WE 8 f55 A 7t
23}719] A7, BAL 52451—3— Al F e FEEA SA4(ARSE
I, gas bypassingi+$- kinetics, 53l Aol A& AA7AL] 5
RS V1R 3 RIS ARSI AAE 2l R &
fFeTs 7 N9 99, & dEHwel-mixedp] fFre5oE 7
A ﬂPE@“’Jr plug & Zte o|5T R 138 9
oH_‘g L/: :1oi_§ ‘/]"roi 7_]]— ]—o

ElJ T
Oﬁ N o
1l

N

=20
]

A
L

A ngt e o
4

| gl tid ARrAA S AR
olgste] Folslgin dl=® A H@dssl vmsiich

=
=

A
o

=17 =]
oH

>
]

[ —

Hg719 NS Fig. ] Y
F%H-(0.3 m-IDX 2.7 m-high), #5714
THZE #, A7 HYRRZ A Atk F
(0.1 m-IDX 0.9 m-highf- 3ltel] 4712] Qv
78 Jlow, S E # o] Zuj7] o] 7kx
A 18}04 A&7k} 7h2s)l 7R EE) sl aka/
Hjo] 24 Qe F719k A FRAIE S A J(He] 7135
4 holex2.5mm 1D #A Eﬂ%ﬁt—i #oZ FY=a, A

2|
A

REZ

Of

16 kg/te] 2= WA71olM AAE 5715 conical Bej 2] A+ (18
e 71ZA, 4 hole S3l OHgaiii Frdnh & Well 480l
#Hole AL =7 flete] BARCRRE 1im XA & EHo
overflow H x5 #&TE At W-&71e] eEol= Aete] s}
iE(450—500°C)77}x RIS 7 0}71 28l & 20kwe] Zhhd A
71 ARSI Wh7] YHOZRE @ &4 Fol7] SEiA &
A kaowook AME-3le] & ;91 o} T RE AHRos w7l W
2 Aeks FHFs] S8 A AR AXEAL, vk dAE
Z337] S8 WolgEs @216}9315}. Aol FES Tst A7tes
Wzt719} collectos A A/d7E2e] wiES AE3] 3b7] flsiA A
24 1.D Farg 53 Hhe HH%%E}. AFE B7~E e E 7t
2A7|R Ao, S ZE 9l ofgailx] AE Thae F
< 712 AXks] SJEl e vlEd F2o) AES FYste] dF

9 AL A2 o g2 RE 7 UL AT AlEE 1-5 mmA}
ole] P& Zhe It TS ARSSINAL[5, 7,9, 13, 14], 5954
3 Aa BYAE Table Pl Yehi3ith & £42= 2 (d;=390um)
E ARSI AAIE =olE 0.8nPlt).
3. 71 s} mHE]
Y 3§55 werloM AR FYPE Hue ZgRe 99
oA FitsEr, AgE 2 7}23hik-go) 25l

- e

L

N2

\'G\/‘

By

02 Airin

Fig. 1. Schematic diagram of the internally circulating fluidized bed gasifier.
1. Flow meter 8. Draft tube 15. Condenser
2. Steam generator 9. Main body 16. Collector
3. Orifice meter 10. Separator 17. Dust filter
4. Air plenum 11. Freeboard 18. Condenser
5. Distributor 12. Screw feeder  19. Gas sampling bottle
6. Overflow drain 13. Coal hopper  20.1.D. fan.
7. Viewport 14. Cyclone

Table 1. Analyses of Australian coal and char preparation
wt%, db
26.37

wit%, daf

68.10
4.58
25.38
1.62
0.32

Proximate analysis Ultimate analysis

\Dlatile matter
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9.72
6273

Fixed carbon
Ash
Heating value (cal/g)

nz0ITO

g, o
olr 7] ¢

~
?5
i,
2
5.'1
£

N

%‘—Erﬁﬁ —’F%)Tjr Wit =8 f5352
'61—;{4 J% (‘Hﬂ—ffﬁ—é—_‘?—_ y assmg% o]_Q_g].Ai]:].
oflEe] s 7ol f‘»‘li-‘r’r%i‘r 2Pz FT717F, B ZEF oA
OﬂlH 5]’\ %EJ % 1GRR)7E F9dso] + = *}OM
)e] =8kl dofup= Wi =8k
AzAT SREHOZ Q3] =
2l gL olFF] FHE e
“P%7]94 2dge 98 =H=EdY
H"E -]/\ 0:10:10 0]5__& 7].z
two-phase?] & 443}
Fig. 2| vtebdl upo}
2 G0l %— =27 = o sl

FXE

:I}
u l'N




W 8 fE2 weTlolie]

Product Product
gas (Draft) gas (Annulus)
Homogeneous
: reaction :
Pyrolysis

Pyrolysis
gas+Combustion ﬁ gas+Gasification

gas h‘Gas bypassing gas

Combustion

i Gasification ﬁ Tire
gas gas
) CFreeboard(Annulus Region))

1T {4 QChar
) "

8 | O U

Bubble |transfer} emuision Moving
Phase : Phase Bed

( Freeboard(Draft Region)

)

—
Annulus region

l Draft tube I

Fluidized bed

Air *gteam H Air +Steam
Gas bypassing Q

Air Steam

I

Fig. 2. Schematic representation of the internally circulating fluidized
bed gasifier model.
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Table 2. Kinetic parameters for the reactions

Temperature

. E
Reaction rangefC) ko (kJ mor) Reference
Combustion 500-5757.5810%(1/s - atm) 113 Lee et al.[5]
575-700 0.44(1/s: atm) 27.6
700-800 0.045(1/s: atm) 9.6
Gasification 700-850 6.400°1/s- atm) 167 Lee et al.[5]
H,+1/20,~ H,0 - 3.0%10%m%mol-s)  99.8 Haslam[26]
CO+1/2GQ,- CO, - 8.8%10"(m%mol-s) 99.8 Tesner[27]
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Table 3. Basic equations in the draught tube region(fluidized bed)

1. Two phase model parameters

(a) Minimum fluidizing velocity[30]¢,,:= 0.5,6,~0.4,p=2.4)

Uni=(/Pgd){[28.7%+0.0494dp(ps-Py)giu?] 2-28.7)

(b) Bubble volume fraction[31]

—_ -1
6=1{1+ v Um‘}

0.35/9D

(c) Bubble-rise velocity

(d) Interchange coefficient between the bubble and emulsion phases[32]

Up=[Ug=2(1-8)Und/U g

Kpe=11/d,

2. Mass-balance equation

(a) Gas phase reaction rate equations in emulsion phase

Roy=-0Co,/dt=kiP,(1-X)?%(p /Mg)o-+0.56+0 5t
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(b) Gas phase reaction rate equations in bubble phase
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Reo=—dCeo/dt=r,
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(c) Reactant-gas mass balances
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Table 4. Summary of coal gasification data in the internally circulating fluidized bed gasifier

-
(0

Draft tube region

Annulus region

mMe

(kg/h) Mo,/Me Mym G CV. X G cV. X fya

H, N, CH, CO CO

(m¥h) (MIIM®) ()

H, N, CH, CO CQ (m¥h) (MI®) - ()

780
800
850
900
870
870
870
860
860
860
870
880
880
880

867 038 063 893 553 262 6.66 2648 7.51
827 038 063 9.09 5632 285 6.72 25.03 7.04
790 0.38 0.63 11.87 51.12 25 8.53 2598 7.40
756 038 0.63 1583 4426 285 11.88 25.17 8.18
938 037 051 1754 37.88 4.18 13.12 27.28 8.14
529 065 09 1065 4998 231 807 2899 6.25

12.10 028 0.39 19.65 37.65 4.36 11.37 26.95 8.73
790 030 063 1019 6223 194 6.7 1894 6.84
790 053 063 831 4462 2.00 9.73 3534 6.24
790 045 0.63 11.08 43.87 237 886 33.83 7.55
756 045 031 1584 39.08 2.84 10.31 31.93 8.23
756 045 045 11.77 4293 284 9.09 3337 7.18
756 045 0.63 1094 4554 253 9.03 3196 6.74
756 045 081 1234 4294 254 942 3277 731

329 0.23 36.71 1824 10.32 19.30 1543 192 11.88 0.08 0.50
346 0.22 36.74 17.46 10.46 20.54 1480 176 12.13 0.08 0.52
3.69 0.26 40.37 1516 7.40 21.75 1533 190 10.82 0.08 0.57
474 032 4506 935 6.64 2550 1344 268 11.44 0.12 057
588 0.29 37.71 1865 7.26 21.58 1480 1.71 10.65 0.06 0.73
3.46 0.34 31.80 30.03 5.34 18.82 14.02 1.14 8.56 0.06 0.70
593 0.23 46.24 6.93 10.13 2349 1321 184 1322 0.06 0.67

333 0.18 4342 912 845 24.86 1415 258 1183 0.12
337 0.28 3896 1295 5.97 21.75 20.37 2.49 9.88 0.11
3.63 0.32 39.38 1242 7.30 2353 17.37 187 10.98 0.09
466 037 4155 942 758 2472 1672 158 1153 0.08
403 032 38.09 1337 7.57 2392 17.06 227 1100 0.11
3.79 0.29 40.02 13.65 7.27 2350 1557 238 11.03 0.11
3.88 0.32 41.16 1053 7.24 2553 1554 229 1124 011

HWAHAK KONGHAK Vol. 38, No. 2, April, 2000

0.38
0.46
0.57
0.66
0.54
0.50
0.53



264 olFHl - A8 - WIE

0.6 B0 i
[A]
l H
- 05Ff £ et
':' 2 40 - o T |
= L = LI [
8 04 _?_ L e
§ 03¢ = M| |
e = | " C0
< = o
O 02t L bk |
[ — ———
0.1 i [ T g OO0 I
5 167F 4 10} E w e -
A % =l ’ &cH
éﬁ 1.3 L Pt ri 1 1
E 2t T LB o
s L T - [ o
= Lly L g = 40 T I
L oot =mem T — & —
@ 09} — = | ~.. N
8 2 A0 -
S 08+ =
0.7 = |
750 800 850 900 7 d0
Temperature [°C] = Ly ¥ et
Fig. 3. Effect of reaction temperature on the carbon conversion and § - _____--"'; H
product gas yield at different carbon fraction in the bed. 4 | e T
ik - " B
| L ¥
r e —————— = ___l. LH,
i= -y = — i
9 B39 Y] WeeES AVUCH13, 14,382 ArNE 50 prvs g v —
T 2Heme] A % A FAE we2es A 90 OOCi xﬂ Tansperature {°C)
3taled Hke7)o] L) ZoldLE QR Ze ¥ & s W . i »
:0})‘* o ‘;: 1] £=7F ok Tij on o ]O 7}6H Fig. 4. Effect of reaction temperature on compositions of the product
L > o5 O . . . .
&2/t AHAElEE electric heatell o1 o7t R W7ol 2 gas (A) in the annulus region and (B) in the draft tube region.
& A SR (solid lines: model prediction including the combustion reaction in
H,0/C=0.75, Q/C=0.2% uf, ¥r-3-2% wHslof] W& ofsais 99 the freeboard. dotted lines: model prediction excluding the combus-
I S ZE g9 AATIE 2L RUL B o ZX](Za] B0l tion reaction in the freeboard)

o] 71 < wkee] I f)ek 37 Fig. 49 (A2t (B)ell HERAS

ok 2elA] Hizol, oflEe]s g AA7EAE 36.7-45.1% B 19.3- 20 . - '

255% CO, 15413.4% COIO366% Cip] 24 7P, =oh= T e (v i

E g99] HA7I~= 8.9-158% b, 6.6-11.9% CO, 25.0-26.5% GO @ : This study (orifice type; draft tube)

25-2.9% CHel A< zheth wke-ew7} 2713l wle} Heb coel 16 = o :Lee[7] (Fluidized bed)

zAe =)k CH,, CO, N2 2L 7aste S Kol 9 ,:,g 1 a :Foongetal. [35] (spouted bed)

1[4, 8,33,34] ol 2x°] T/ wheh FAQ eE-rE7] =

B8] 271 W Q) BT Heh COs F71e, el o) = v v

A== CHEl &2 257t 715k ulel S7lshd e 7k=9 = : —_—

F& SR 2HE HE] el B ZE Joe] Y7k 5

7k2sle] AA7re 22 APEE Holal ot EHZE oo "g T ..

= 378 3] 30 TFE NS Aausel ols] 44E cogt I - -

AR HlEo] S7lete] dRrise] o] ATs] AEhS Wola

At 4 . A‘__f’A/’/:
Ze|REoMe FY V&S TEEk] e A-(EAN), Bds F -

3 olZE HEb Cool 242 AAART B8 4S Holil NSt 0 | | | 1

CO= ARZAFART oo 3he Holu, ZRed] g vhg v e 700 750 800 850 900 950
73S (*‘*%)01]3« e Aol A9AI F IXTE AT F AU Temperature (°C)

ZHE X e W2 AA7Rse] A FER ddE Fig. 5. Comparison of calorific value of the product gas with reaction
H)= Uﬂ 71231E SEiMe ZejREo A9 AFAS HAislehe A temperature. The solid and dotted lines represent the model pre-
o] §E8 Ao = o=z}, YA} Ak oFERe mxEE ZElh diction and linear regression, respectively.
= YollM e} AFAIZE AFe] w7 Al slo] Tad Wz A7t
=t
2w Wl e A7 S BldTRle] A=, 12, 35p) %‘E A0 R LERY} B A AL wkeIT FEH VIS A T
S Fig. 3l UERAIRACE s8] GAer o] A7k dd7S 11- o2& wlg- At g FARD S-S EIT 5 AN e
12 MIP=. 71E9] gap heightdEl] SZERS AR 4412 %57} F7Vekl w 7hashred o] A7k HERE Heb CO R4
U dubzel f52[9] &+ spouted bed[35ET} T He WS 9] SR 7 A= oL Hel CO Bt dd#o] =2 w3}

sfetzst N3sH M2 20004 48



w8 5T WR7I0k ] Avirksst Bl wdls) 265
60
32+ L H,0/Coal = 0.63
A Juddetal. [36] o
F ® : This study (annulus) 50 - T=860"C
. o This study (draft tube)
. s L R
0 0 Z 40 1= ° ® e H,
© 24 - Z L
8 g
o I 7 0T
L 20f g2 |
T 5 M v M ¥ CO
L 3 B v
g 20 o CO, 4
1.6 — &) L
P
0 —a— A N
12 - L A CH,
! | ! !
700 750 0 I ! I | | L
800 8500 900 930 0.25 030 035 040 045 050 055 0.60
Temperature (°C)
O,/coal [kg/kg]
Fig. 6. Effect of reaction temperature on H/CO ratio.
Fig. 7. Effect of OyJ/coal(kg/kg) ratio on compositions of the product gas
) in the annulus region.
TA(CH,, GHy GHg GHg, CiHg, Gy cpdspl A= fHAsialnt
[13]. e}, melel i GRslel 5] AAE CHE ASS Bsle
a8 FE5 1316}11 k7] wizel oEE ATk whge A 14 = e :Lee[7] (Fluidized bed)
YA Heh R e Holw, WSk COYl FESVkR sl Steke _ SRt bl i
S Ho|a Ytk wEhA, iﬁl R RN IS EXCRESE PRESE ]%to] oL . o : This study (draft tube)
Hele drafel] o3 %51-1*’\4 sgo] Pasithx & ok W | e ®
L7} 5] me Qi £80) SV Ak 9 $57) 7 }*ﬁm E w0} .
$o Z7lE =Y=E 9] YAV £8L 08614 1.09nikg s L
coal Z7Fskal elEeis o) A7k &2 02204 0.35nfkg 2 sk
coal2 Z7lsle] AR W72 8% 1.0814 1.44nikg coak & g .
ZteAnh. Bdt, Mgk F7Fe) meh SaHEeS 03B 045 2 6
e
2 Wk 382 02004 0.3% S71sHITH3, 34]. % L
Meizhashikgel ] dolzl A4 HE HyCO Hlol mhet vhpe 3 © ab — Y.
7m0l 987 ARET Fig. 6 W20 W H,/CO H]9] #) L e o T
£ e A7kl Azigepel vastel ekl olct, wgewe] S 2k . o R
w2} HyCO HI7F Z4EE AL 547k A8ge] HEo] e 2n L
P H, £oZ we Lol CO%OR o5y njol™, Judd 0L b b L
(36l Ao} vwARES ) HYCO ¥lel ZaHEr} ol mhgew ' ' T o jeonl (kg '
o) Wl Ae] FAT HJCO HIE 7H AR7I2E PL & o] _ _ o . .
S971me] 9B AT o] Hapnsh] Qo] B9 oF = ol Fig. 8. Compgnson of calonﬂc.va.llue of the pl.'oduc.t gas with chal ratio.
(solid line: model prediction, dotted line: linear regression)
4-2. 4ka/MEH|9| g
860°CollM RE7I2 FFEwE +5719F Aere] 4ol 9% (H,Olcoal o F3 CHEl Fxk Yol AApeh|rt $7188 ashe 84S
=0.63, =79 kg/hpr u, 2ka/{eh H 7kl uhE ofEe|olre] A HOJAL Tk, AbnAem)) St Badgha (13, 141 Aa vk
ey R R v A3AsI WA Fg B 0 LRI, ol Felshe agel 272 <lsl 0314 04 ke A
AR 7L 0.4 0.5 2 F7IsH wE) S ZEA ofE AR &3 kel 742 cold gas efficiency[13, 14} 0.281A41 0.222
bypasg! 412e] o] Z71s) olEelz JA9l H434-300%), CORAY- skt Agdstzre] BdF 0 YArks $2L AdHehE

21.8%), CH(85-6.0%% F%= 2 AA7}2=0) %“’é%k(ll 8-9.9 M)

AREER VRE FHme/myo )T AREE 0-4 =

}}_d 3} /‘\

A

“%*7&91 AREZ A3, CO14.2-20.4%)] T 718k 7 I ohe] AFIAE 4 & AReH ol Fig. 9(A), (BRF 2 (32),
BTHL, 8, 10]. 22lv}, RdeME CHel & H&o S A (33p1 HERASITE

E’i&ﬂ wZol| ofEei2 gGere] E:H4 TE9 cﬂ% = Aggknct CV={125.247731m, My )M, 32)
Fol Heb COYl & ZAolm B8l Aol Ush whaH10.7 MY/ G.Y=m{-0.076+0 239@2/@; ) @3)
m)e YERNIL ek, B ZE Qofolre] grkse] 24 ofEd o ' ' O

& FAF} e AFE Holuh A/ E] St e =HZE g I 2ellA Hole kel o] Mekggie] U wf AL/ e
oMl ta B F7FR 2 APEL o A JEE, =HZE Hlo] F7tel] tisiA WEHS AMAeR A, A e E o
ool o] AAd7pe) WL H9l CORl Fha Eo] olgd s YYn 4% wf MegFael] wepre A7EE o] AMHeR FURE

HWAHAK KONGHAK Vol. 38, No. 2, April, 2000



266 olEY - A8H - T

120 60
~ 1ot ® C.V.*m = 12521 - 77.31 my fim*y,) I 0/C=03
= ® T=880°C
= 80 - 50
= 60
—_ — L
= 40 = ° o'
e ~ e — 40 °
* Q .
S0k ® Z i
. =
Q 0 ! i 1 I I .2
£ 30
o~ (B) G.YJm_=-0.076 +0.239 m_ /(m *y,_ ) g
&0 03 c 0,V e 70, g L v v v VCO
=
;; o 20
(]
= 02 S L ° M ® & CO,
g T 5
= o1 A R = o M
ol ] 4 4 A A CH,
0.0 | I | L |
0.4 0.6 0.8 1.0 12 1.4 16 0 : : ‘ ‘ ' ‘ :
m,, /(m * (ke/k 0.2 0.4 0.6 0.8 1.0
0/(McYo,) (keke) H,0/coal (kg/kg)

Fig. 9. Gas calorific value and yield function versus ¢coal ratio. ) ) i
Fig. 11. Effect of steam/coal (kg/kg) ratio on gas compositions of the

product gas in the annulus region.

60
L H,0/0,=25
T=870°C Fko] 53 12.1 kgl Z715tl wel GRs)el 23] AAE=
50 = o] Z71sleg AAEE H, CO, CHE 27 31.8%14 46.2%
9 i /‘H2 2, 18.8%14 23.5%2, 53914 10192 Z71sh} COe b 7+
= 40 ® . &3k AT, Ne AR 7k 3712 ﬂié}t— 7S Hola 3l
z I ©om[1,2,13,33-35, A8 AHe} HdS B3 SE A & AT
g o o sl AngERe Sl hE dvs) 1ae S/2 A
g T 0 Thesl S} Bkl ohwels Qe AETkeel welEe 8561
g I v co 13.22 MIMO2 Z71sht, AA712e] 483 B A3hge Hegd
§ 20 ~ ;”’/?/4 FZrlol] WE ke ag gradhe AFE Holx Qi |
S I ° o 7k G88 0225304 0.267HEE A9 AT 7 Helw glon
M&COZ ]t grize] Yol lo} kmshibgol ejg Ruch drsjel o
R aro T . @ Hrt o ane 22 e,
0 é — ; o 1'2 i 4-4. B7|MEH| o] Hg
15 Whg e 8B0°CHIN] AlekEE o] 7.56 kgl O/C0.
Coal feed rate (kg/h) ‘; 1M+ | g O,/C=0.3 u

71l w2 siaslrd oA ] At S BY oS3
st 37 Fig. 101 YERRSIT oA B5o] HeF CO= ozt 571

skaL co; o7 ZAAdhe S HolX oy I MIHEI) FA

Fig. 10. Effect of coal feed rate on compositions of the product gas in
the annulus region.

2o} $57] FRF WA AR 290l vIXE G A2 9
o 4 ik w8 4 (32ph (33%&%1 QARSI e WEAEE §8 9 4 slow 9YE 5 A3 sk AgAsisl BbE 4
2 Tt 2e RO bl £ 91om, my/myodl Wl 098 AZkze) 2AMSE BT 5 s

A%l 2499] WA EEE eRlie A0 et o1ge) AR U S8 H55 WIS Arrhas wige

:(calorific valué (total production rate of the product gas
4 (coal feeding ratgheating valug

H&ﬂ }1 *io} TlOM ﬁ_i LPEME} Bk Aeke] £ AdT
=-0.361+1.359 1g,/(M,xY,))~0.70X nbzl(mcxyoz))z (34) ¢l EYZE AYoM e grke] Ao 7hest o= e
md3s 53t @ﬂ%@ﬂ—‘: %:_1’64@34: e AR, AAE 2
4-3. MEIZFEo| Hst A& R 3§55 w716 Arbriagukge] o 2 45
Fig. 16 WH-2= 870°CoI4] WH7IZE FFEw Akt 5719 71l 48] fgsitta & ¢ Aok
ol dH(H0/0=2.58 o MetaFae] W] me et ¥
oMe] A7 RS 58 O3 3 A YERd Aot A 54 E
g o] ) uel Aeow FUEE Meos <3 dE &
A2 9hg7)e] & oM AR R electric heatell 213 7M1= O HHF £8 F55olAM 9 Hertrshibs-Ss &3] 28l 479
Wg71e] 255 870°CE FAsIArh 2o & 4 %ol My 814 B4, WhEkinetics, E43l A4AS 7122 $F BElAS AAIEH

sfetzst N3sH M2 20004 48



S 4R RS WIS Herlest 0 we 267

3, ZRE JFAM 9 #Y vk-S 1S Bdo] A¥EAE o F U, : bubble-rise velocity [m/s]
2 k. Uy minimum fluidizing velocity [m/s]

(2) W25t S7Ktel wt eels 49 A7k e 36.7-45.1% Ug : solid falling velocity [m/s]
H,, 19.3-255% CO, 154-134% GO10.3-6.6% ChHPl 4L 79 \Y : volumetric flow rate of gas [s]
7re g, A AR, WtRE S SR g 7Rq] wsl W : mass flow rate of circulating solid [kg/h]
20 A Q7R HEFe Hadhes AYE Ho|i Q) B Wy  : bed inventory [kg]
W,
X

gap heightdEl] draft tub& ZHe W 8 F85FHT o =2 . :solid circulation rate [kg/f- s]
FE Ad 7EEE B8 F UNL EHZE JAgME feyiz : carbon conversion [-]
FE] #5719 bypassing® A& w2 A% 7kAstE ADH X,  :average carbon conversion in the annulus region [-]
9] 7k2=7t A= AT X : average carbon conversion in the bed [-]
(3) A&7t 7l mE 37129l H,, CO, CHel A4 Yo, : Oxygen partial pressure supplied into the draft tube region [-]
g0 2 7RSS W ®, AA7EE &, cold gas efficiencys z : axial height [m]
s, A gl Folshe vl STk wd eSSt
SFATh 3 mp/myo,/t 0981 o HHe] Witk 58S Hole A Jzjo|& 2xt
© 2 yepsith a : system constant [-]
8) Feag3o] Z71ge] me GRd 589 VIR ofEss 9Y B . product-distribution coefficient [-]
A 7k~ 5 HL(31.8-46.2), CO(18.8-235), G3.3-10.13] Z7t= A4 ) : bubble-volume fraction [-]
712=0] WA (8.56-13.22 MIIMyS 71} 7k 83 B Agke €m : void fraction in a fixed bed [-]
o A3 Emf : void fraction in a bed at minimum fluidizing condition [-]
(6) F=71A e e wEbe 24 gl & F2 gloler vwd Py : gas density [kg/f
710l gk FFol A & F Ak Ps : solid density [kg/ri
Pouk - bulk density of annulus region [kgfn
A} Hg : gas viscosity [kg m/s]
T : residence time of coal in the ICFBG [h]
B ATe duAEE T T4 oA 7S SR AAE o] AT
v gez FaEglon, ofd A=Y XL
0 > inlet condition
N =Y [=] 1 : boundary condition at the bottom of reactor
H : boundary condition at the top of the reactor
A : coss-sectional area fin
C : concentration of component [moffm SRt
dy, : bubble diameter [m] a : annulus region
oy . orifice diameter [m] b : bubble region
d, : particle diameter [m] d : draft tube region
E; . activation energy for reaction i [kcal/mol] e : emulsion region
fe . weight fraction of carbon in the bed [-]
foar  © Weight fraction of char in the coal [-] Enas
fap  :gas bypassing from the annulus to the draft tube region [-]
foa  : gas bypassing from the draft tube region to the annulus [] 1. Gutierrez, L. A. and Watkinson, A. Fuel, 61, 133(1982).
i :molar feed rate of component i [mol/h] 2. Watkinson, A. P., Cheng, G. and Prakash, CCBN. J. Chem. Eng.
g : gravitational constant [nfls 61, 468(1983).
H  :bed height at the fluidization condition [m] 3. Saffer, M., Ocampo, A. and Laguerie, @t. Chem. Eng.28, 46
Hs : static bed height [m] (1988).
i 1 H, CO, CQ, O, Ny, or CH, [1] 4. Chatterjee, P. K., Datta, A. B. and Kundu, K. Kan. J. Chem. Eng.
ki : reaction rate constant for reaction i [1/atm] 73, 204(1995).
ko :frequency factor for reaction i [1/satm] 5. Lee, J. M., Kim, Y. J., Lee, W. J. and Kim, S. Bnergy-The Inter-
Kpe :gas interchange coefficient [1/s] national Journa) 23, 475(1998).
Mg  : molecular weight of carbon [-] 6. Neogi, D., Chang, C. C., Walawender, W. P. and Fan, IAIChE
me : feed rate of coal into the ICFBG [kg/h] J., 32, 17(1986).
mo,  feed rate of oxygen into the ICFBG [kg/h] 7. Lee, W. J.: Ph. D. Dissertation, Korea Advanced Institute of Science
Pu,0 : partial pressure of steam [atm] and Technology, Taejon, Korea(1995).
Po,  : partial pressure of oxygen [atm] 8. Bak, Y. C., Yang, H. S. and Son, J. EWAHAK KONGHAK30, 80
f : rate of reaction i [1/s] (1992).
t : time [h] 9. Lee, J. M., Kim, Y. J,, Lee, Y. J. and Kim, S. BIWAHAK KONG-
U : gas velocity [m/s] HAK, 35, 121(1997).

HWAHAK KONGHAK Vol. 38, No. 2, April, 2000



268 olFHl -

10. Yoon, W.R,, Lee, H.W.,, Kim, J. W. and Lee, W. KKWAHAK
KONGHAK 24, 269(1986).

Pretoria, 23(1987).

and C. Laguerie, Tours, France, 445(1995).

13.Kim, Y. J., Lee, J. M. and Kim, S. Druel, 76, 1067(1997).

14. Lee, J. M., Kim, Y.J. and Kim, S. DApplied Thermal Eng.18,
1013(1998).

0O.: Chem. Eng. S¢i35, 446(1980).
16. Riley, R. K. and Judd, M. RChem. Eng. Commuré2, 151(1987).
17. Kim, Y. T., Song, B. H. and Kim, S. DChem. Eng. J66, 105(1997).
18. Yoon, H., Wei, J. and Denn, M. MAIChE J, 24, 885(1978).
19. Weimer, A. W. and Clough, D. EChem. Eng. Sgi36, 549(1981).
20. Ma, R. P., Felder, R. M. and Ferrell, J. Ruel Process Techl9,
265(1988).

21. Gururajan, V. S., Agarwal, P. K. and Agnew, J.Ghem. Eng. Res.

and Des 70, 211(1992).
22. Adanez, J. and Labiano, F. &d. Eng. Chem. Re29, 2079(1990).
23. Matsui, 1., Kunii, D. and Furusawa, T.. Chem. Eng. Japari§,

sfetzst N3sH M2 20004 48

e -

24.
11. Judd, M. R.: 2nd International Coal & Gas Conversion Conference, 25.
26.
12. Jeon, S.K., Lee, W.J. and Kim, S.D.: in Proceedings of the 8th 27.

Engineering Foundation Conference on Fluidization, ed. J. F. Large 28.
29.

30.
15. Berggren, J. C., Bjerle, I., Eklund, H., Karlsson, H. and Svensson, 31.

32.
33.

34.
35.

36.

A=

105(1985).

Arthur, J. R.Trans. Faraday Soc47, 164(1951).

Bhagat, P. M.Combustion and Flam&7, 275(1980).

Haslam, R. T.ind. Eng. Chem15, 679(1923).

Tesner P. AEighth Symp. CombustipB807(1960).

Ahn, H. S.: M.S. Thesis, Korea Advanced Institute of Science and
Technology, Taejon, Korea(1995).

Lee, J. M.: Ph. D. Dissertation, Korea Advanced Institute of Science
and Technology, Taejon, Korea(1998).

Wen, C.Y. and Yu, Y. HAIChE J, 12, 610(1966).

Hovmand, S. and Davidson, J. F.: “Fluidization; ed. J. F. Davidson
and D. Harrison, Academic Press, NewYork, 193(1971).
Kobayashi, H. and Arai, HKagaku Kogaku31, 239(1967).

Foong, S. K., Lim, C.J. and Watkinson, A.®an. J. Chem. Eng.

58, 84(1980).

Kikuchi, K., Suzuki, A., Mochizuki, T., Endo, S., Imai, E. and Taniji,
Y.: Fuel, 64, 368(1985).

Foong, S. K., Cheng, G. and Watkinson, ACan. J. Chem. Eng.

59, 625(1981).

Judd, M. R. and Rudolph, V.: in Proceedings of the 5th International
Conference on Fluidization, ed. K. Ostergaard and A. Sorensen, Elsinore,
Denmark, 505(1986).



	내부 순환 유동층 반응기에서의 석탄가스화 및 모델링
	이종민*·김용전·김상돈†
	한국과학기술원 화학공학과 및 에너지·환경연구센터 (1999년 11월 15일 접수, 199

	Modeling and Coal Gasification in an Internally Circulating Fluidized Bed Reactor
	Jong-Min Lee*, Yong-Jeon Kim and Sang-Done Kim†
	Department of Chem. Eng. & Energy and Environment Research Center, KAIST, Taejon, Korea (Received...

	요  약
	1. 서  론
	2. 실험장치 및 실험방법
	3. 가스화 모델링
	4. 결과 및 고찰
	5. 결  론
	감  사
	사용기호
	참고문헌



