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Effects of Operating Variables on CO Conversion of WGS Catalyst
in a Fluidized Bed Reactor Equipped with Bed Insert
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Abstract >> To enhance the performance of SEWGS system by holding the WGS catalyst in a SEWGS reactor,
a spring type bed insert was developed. In this study, effects of operating variables such as steam/CO ratio, gas
velocity, syngas concentration on CO conversion were investigated in a fluidized bed reactor using the spring type
bed insert to hold the WGS catalyst as tablet shape. CO conversion increased initially as the steam/CO ratio
increased. But further increment of the steam/CO ratio caused decreasing of CO conversion because of increment
of gas velocity and decrement of syngas concentration. Moreover, CO conversion decreased as the gas velocity
increased and the syngas concentration decreased at the same steam/CO ratio. Continuous operation up to 48 hours
(2 days) was carried out to check reactivity decay of WGS catalyst supported by spring type bed insert. The average
CO conversion was 99.04% and we could conclude that the WGS reactivity at those conditions was maintained
up to 48 hours.

Key words : SEWGS(3|5=FH4A71A38h, WGS(4=A 712438, Catalyst(Z1)), CO conversion(CO A 3He),
Insert(W 5 44)&)

.M B 20 NS shAskelo] WGl AlElspABHE SR
Z(IGCC, Integrated Gasification Combined Cycle)
A4 A CO, 347149 sl F527 £A7E s Hesk 2 9l s]&olu 7]Z olk A A4l

~SHSEWGS, Sorption enhanced water gas shift) 7] CO, 3|4=3A 0] A 717 BA(A-25Ad71A3) AL
7158} COr 22 F 719 SH(SEWGS, A
TCorresponding author : hjryu@kier.re.kr, Aoz giAE 4= 9lo] AAA o] FRAME ZoZ 4
ywrhee@cnu.ac.kr S ol eolel D 23

AN Al AHI S =]
[ 9 : 201438 4 : 2014421 ARYEHY : 2014430, | Sl Qs Zlgole . A AILEE SEWGS B
[Ahet ) P A, AFEY ZARIE: A 202111 5] 719k AARES 7] & = w SEWGS RE57] Wi
Copyright (©) 2014 KHNES

oo A

209



210 WSS A8 -5 w7104 WGS Zu 9] CO gkl mjA|= 25| 9%

o= SA7IASIHES(WGS, Water gas shift) Sufj<}
CO, TFAI7F oAl Ad=fo] Stk SEWGS Bhg-7]
oflA= A () o] d7t2e] 231 COLt 5
717} HhgShAA et olilele ' gty
A olikeigta= A 2)9F o] W] W] &
e} oAl EA sk S5AEREMO) FEjS] COx &
Ao o3 FL4EAFIMCO;) e = T Ao
Ftk. o]} ZhE Hkgof o3 Al e CO, 2%
o] Wopxju g A (1)9] ¥hg-2 FRkH(FaAY4ho]
HE AR paeas FHAE = Aok

SEWGS Hhe7]eofl A dofub= nheo] ka2
2~

[e)
A7 wwe] Fe] Au] glo] WBEo] 45

@e 4 ik

CO + H,0 — CO, + H, (D
MO + CO, — MCO; Q)
CO + H,O + MO — H, + MCO; 3)

where M : metal

AARES 7104 = 4 (4)2F 2ol MCOsE el 2
3] MO thA] ksl SEWGS HHS7| 2 AghA]
7 REEE 0 2 ARGSHA| Hok AHES7|olA vl
g 7Hle @R AREE w57I(EE COy)ot
Ao A HAYs= CO, EO|BR £T7)E &
3t AlAstE ol welde| glo] ekl
COE =28 = olek 4 ) A e A 119
5P SEWGS AlAle] a2 4] (5)2F go
A (Dol FAJE 47k40) jES-A3) oA Ht

MCO; — MO + CO, 4

>> @Ean @ AeuAsts) =r

CO + H,0 — CO, + H, (5)

ghH, AAYEES-7]= SEWGS 37| =& =
Lo 2HEH, CO, FAIE A7 = dE=
Sh= BES71= WGS Sl EohE W2 A
oA Hck. wheka] ARG WGS Frfe] 1
2o o3t BAASE WAk AAERES7 ol
== CO, SA9 8s S7HA A
&= 577171 S8l WGS Smi= SEWGS ®Hg-7]
offgf EAstaL, CO, FAIRE ez o= A3
712 =S A AR & 5 Qe 380l

5

g g3slct sRR|uk dA7EA] ke o5

S}
=

AN

Sk Rt et 2927
2 ML, o] o)A 8ARE Bk A4 e R
2 B3} 2xg Feo] R PRE Hg FSHS
selshag shoick



uH ] - 0|55 - ug A

Vent

Vaper
Gas Personal
Stripping Analyzer H Computer

Unit

Temperature
Indicator

Heater
Controller

Total differential pressure drop
ore

P o B
Hz0

MFC MFC || MFC || MFC
controller

Bed differential pressure drop
Ly Indicator

Air N syngas

Fig. 1 Schematic of a batch type fluidized bed
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Table 1 Shape, size and bulk density of catalyst and sand

Particle WGS catalyst Sand
or tablet (commercial)
Shanc/siz Tablet Particle
APESIZE | 3 2mm O.D. 3.2mm H 106~212u m
Bulk density
[ke/m’] 1286 1258
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Fig. 2 Schematic of spring type bed inserts
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Table 2 Summary of experimental conditions with change
of steam/CO ratio

Case 12 3] 4] 5 |6
Syngas flow
rate [N//min] 0.913
Steam flow
rate [NJmin] | 0451 | 0908 | 1358 | 1.809 | 2260 | 2.717
Steam/CO | 26 | 153 | 229 | 3.05 | 381 | 458
ratio [-]
Gas velocity | 50 1 0.026 | 0.033 | 0.040 | 0.047 | 0.053
[m/s]
Gas residence | o) | 54| a1 | 10 | 85 | 75
time [sec]
CO conc.
Lol oy | 35| 326 | 261 | 218 | 187 | 163
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Table 3 Summary of experimental conditions (increasing
of gas velocity and decreasing of CO concentration)

Case AERERE R
Syngas flow
rate [N//min] 0.913
N, flow rate
Nimin] | 00 | 02 | 04 | 06 | 08 | 10
Steam flow
rate [N//min] 1.358
Steam/CO
ratio [-] 2.29
Gas velocity | ) 33| 0,036 | 0.039 | 0.042 | 0.045 | 0.048
[m/s]
Gas residence| 15 1 11| 103 | 95 | 89 | 83
time [sec]
CO conc.
Lol o | 261 | 240 | 222|207 | 193 | 181
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Table 4 Summary of experimental conditions(increasing of
gas velocity and increasing of CO concentration)

Case 13 14 15 16 17

Syngas flow

rate [NZ/min] 0.261 | 0.521 | 0.782 | 1.043 1.304

N, flow rate

[N/min] 0.8 0.6 0.4 0.2 0

Steam flow
rate. [N//min] 0.388 | 0.776 | 1.164 | 1.552 1.941

Steam/CO
ratio [-]

2.29

Gas velocity

[m/s] 0.021 | 0.028 | 0.035 | 0.041 0.048

Gas residence | 1001 143 | 14 | 976 8.3
time [sec]
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Table 5 Summary of experimental conditions(with narrow
variation of CO concentration)

Case 1819 20|21 | 2] 23] 24
Syngas flow 1) 55110 652 (0.013 | 1.043 | 1304 | 1.434| 1.695
rate [N//min]
N, flow rate 03

[N//min] :

Steam flow | 261 6 970 | 1,358 | 1552 | 1.941 [2.135 | 2.523
rate [N//min]

Steam/CO 299

ratio [-] ’

Gas[:jl‘]’c'ty 0.024 [ 0.028 | 0.038 | 0.043 | 0.052 | 0.057 | 0.066
Gas residence | 00| 143 1 105 | 93 | 77 | 70 | 61
time [sec]

CO conc. 115 | 200 | 23.1 | 234 | 23.9 | 24.1 | 244

[vol. %]
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CO conversion [%]
© 0
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Steam/CO = 2.29
= Increasing CO conc. with gas velocity (case 13~17) ]
¢ Increasing CO conc. with gas velocity (case 18~24)
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Fig. 7 Effect of gas velocity and CO concentration on CO
conversion of WGS catalyst
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