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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.
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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 (MDC-7)
Shanc/siz Tablet Particle
PESIZE | 30mm OD. 32mm H | 106~212p1m
Bulk density
[kg/m’] 1286 1258

&5 We710lA HiEEE 7A=Y 242 fsh
28}9] 7|A| &4 7| (Hartmann & Braun Co., Advanced
Optima)& AR5 2™ CO, CO,, Hy, CHs, Oz, NO
o BES AREOE 24 9 7125t AR

of thgt AAIEt Awe 712 B veRd glck
2.2 WGS =0 ¥ 2af

WGS &1l 2= Siid-chemie jit(& A= Clariant jit)
oflA Azt 48 WGS Q1 MDC-7(%<58 ShiftMax
210025 AMHE)S ARSI MDC-7 Frjf =
AEL CuO, ZnO, ALO;o|H, A7 32mm, 9]
3.2mm9] tablet Fej& 21 Qich

A SEWGS ¥H&-7] Holli= WGS Zvle} CO, &
FA7E A EAEAIE, CO, SA19] B¢ &7t
220 EZ3HE COx90t Rhg-sto] Hi=7]41 9] 2ol
Fe U g ez COo, Al Al B2 =
Al 2106 ~212um)E ARE-ske] AT

mafel WGS Fuljo] A7|(U=gE) 9 Hay
£ 89Fsto] Table 10 YeR Itk

1

2.3 LR MEYE

Fig. 20= WGS S & 1571 Wi
o A g e URpage feks
WA W7 Al SISl &
53] ol tablet Fele] ZulE T 4= o
Bl(olst e ez Axsle.
o 7 005me] A@A] o] A7} ek
Z 3l YHE 259 972 0.395mo|H tablet
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Table 2 Summary of experimental conditions with change
of steam/CO ratio

Case 12 [ 3] a5 ]
Syngas flow
rate [N//min] 0913
Steam flow 1451 | 0,908 | 1.358 | 1.809 | 2.260 | 2.717
rate [N/min] | ’ ’ ’ ’ ’
Steam/CO | 26 | 153 | 229 | 3.05 | 381 | 458
ratio [-]
Gas velocity | 70 | 0.026 | 0.033 | 0.040 | 0.047 | 0.053
[m/s]
Gas residence | o)1 54 | 121 | 10 | 85 | 75
time [sec]
CO conc.
ol o | 435 | 326 | 261 | 218 | 187 | 163

3A7EAY ZA(CO : CO, : Hy = 634 : 1.5 : 28.4)
3} ARE Lo R AVISIATY. YL steam/CO
B, 1A% 8 AR 00 SE)E ek
Aon AAF AEAS HF AP 23 2 1
3 ol A3 Amshech

A2 Hato] w2 vheAd Eﬂ_i]% X517 9

Moles of consumed CO
Moles of input CO

CO conver sion =

x100[%] (6)
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Fig. 3 Effect of steam/CO on CO conversion of WGS catalyst
(syngas flow rate=0.913N//min)
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Table 3 Summary of experimental conditions (increasing
of gas velocity and decreasing of CO concentration)

Case EEEREE R
Syngas flow
rate [N/min] 0913
Nz[élljr‘:l’i;]ate 00 | 02 | 04 | 06 | 08 | 10
Steam flow
rate [N//min] 1.358
Steam/CO 299
ratio [-] ’
G"‘S[J;l‘]’“ty 0.033 | 0.036 | 0.039 | 0.042 | 0.045 | 0.048
Gi‘ismfs[l;i:;ce 121 | 1.1 | 103 | 95 | 89 | 83
C[S()lci;“.j' 261 | 240 | 222 | 207 | 193 | 181
. (1]
SHH, o]% Agof A= WGS 2] CO AzkEo
2= 7|49 9 CO 59| J&FS AldstA 4
HE A} 5t o, UG steam/CO H| 204

S}3ich. Fig. 3¢ vrehd nkel
o] steam/CO H] 3.0591 7-¢-2] CO Ha}&o| 714 =
A YeRE oL 22931 Z9-ete] xfo)7t ] goron
2 steam/CO H] 22991 A A& a5}t

Fig. 30| Yehd Ailof|A] steam/CO H]|7} X]42]
o8 Z7ke uf CO A3}Eo] tha Fadh= olfE
1A STkl wWE 71A] AlFAIRRe] 3Hasek CO
T fa giEoR sl ol AEIsh|
913l Table 30 Urebd vie} Zro] FUH 7k~
Fg AERE 2AA(E YE steam/CO H
270 A) EZAG7IAIQ] Aae] feFe HERA7|H
A 71 A5 #iste] M2 CO Agkee] HIls &4
9 nEstglon AFATE Fig 4o UERAI
TIof VRt upe} o] FUZE steam/CO H] 271
oA Z1AIEol SVl whet CO Askgo]
S S UERHSICE ST o] -0l steam/CO
H|7} S U TE 7]4|-840] Z7VeHA A 7EA )
FE(S, CO9| sm)7t HAAastgorn® vhg-E(CO)
FrEHske] ko] A L9 4 Sk meEhbA
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Fig. 4 Effect of gas velocity and CO concentration on CO
conversion of WGS catalyst(increasing of gas velocity and
decreasing of CO concentration, syngas flow rate=0.913
N//min, steam flow rate=1.358N//min, steam/CO ratio=2.29)

Table 4 Summary of experimental conditions(increasing of
gas velocity and increasing of CO concentration)

Case 13 14 15 16 17

Syngas flow

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

N, flow rate

[NJ/min] 0.8 0.6 0.4 0.2 0
Steam flow
rate [N//min] 0388 | 0.776 | 1.164 | 1.552 1.941
Steqm/CO 229
ratio [-]

Gas velocity

[ms] 0.021 | 0.028 | 0.035 | 0.041 0.048

Gas residence

. 19.0 14.3 11.4 9.76 8.3
time [sec]

CO conc.

[vol. %] 11.7 17.9 21.7 243 26.1
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Fig. 5 Effect of gas velocity and CO concentration on CO
conversion of WGS catalyst(increasing of gas velocity and
increasing of CO concentration, steam/CO ratio=2.29)

100 T T T T T T T
| B % ae
o) ot 7]
95 ° B
[
- [}
X
— 90 — -
c
]
4
o 8 .
>
c
o
o
o 80 - —
(&)
Steam/CO =2.29
»Br ® Decreasing CO conc. with gas velocity (case 7~12)
@ Increasing CO conc. with gas velocity (case 13~17)
70 | | | | | | |

0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055
Gas velocity [m/s]

Fig. 6 Effect of gas velocity and CO concentration on CO
conversion of WGS catalyst
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Table 5 Summary of experimental conditions(with narrow
variation of CO concentration)

Case 1811920 | 21 | 2|23 |24
Syngas flow | )1 10 652(0.913 | 1.043 | 1.304 | 1434 1.695
rate [N//min]
N; flow rate 0.3

[NJ/min] '

Steam flow | 2610 970{ 1358 [ 1552 | 1.941 | 2.135 | 2.523
rate [N//min]

Steam/CO

ratio [-] 22

Gas[;jl‘]’c‘ty 0.024(0.028 | 0.038 | 0.043 | 0.052 [ 0.057 | 0.066
Ga§ residence 167|143 ]105| 93 | 7.7 | 7.0 | 6.1
time [sec]

COcone. | 5151 200 | 23.1 | 234 | 239 | 241 | 244
[vol. %]

100 | ‘ | T I T |

o] ¢ Q B O "] -]
o 4 _

©
o
T
|

CO conversion [%]
a
T
!

80 - 4
Steam/CO = 2.29

- @ Increasing CO conc. with gas velocity (case 13~17) I
¢ Increasing CO conc. with gas velocity (case 18~24)

70 1 | | | | | 1

0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055
Gas velocity [m/s]

Fig. 7 Effect of gas velocity and CO concentration on CO
conversion of WGS catalyst
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