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High Temperature Water Gas Shift Reaction Using the Fe/Cr Catalyst Pellet
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TCorresponding author :
gihwang@hoseo.edu Abstract >> Fe/Cr catalyst pellet was prepared for the high temperature water

feceied 20 or 2024 gas shift reaction (HTWGSR) to produce H» gas from the gasified gases of waste

sties':: s ;:izmzzr’ bops  Plastics. The Fe/Cr catalyst pellet was synthesized using a compression molding

Accepted 5 February, 2025 method with the prepared catalyst powders. The HTWGSR was conducted using
the prepared catalyst pellet with CO:H.0 ratios of 1:2 to 1:4 at a temperature
range of 300-400°C. The maximum average CO conversion was observed at a
CO:H0 ratio of 1:3, with a value of 96.5% at 300°C, at CO:H-0 ratios of 1:3 and
1:4, with a value of 96.7% at 350°C, and at a CO:H,0 ratio of 1:4, with a value of
95% at 400°C. It is considered that a CO:H,0 ratio of 1:3 at 300°C and 3507,
and a CO:H»0 ratio of 1:4 at 400°C, are suitable for high temperature water gas
shift reactions in terms of CO conversion.
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microscopy [SEM], FEI Company, Hillsboro, OR, USA)
3} oftfzr] EAF XAl ES3H(energy dispersive X-ray
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UK)& ARg3to] Baslelch, ela Alzst Su) 2
slo] #HAy 71 AAe 7 FAM(Brunaver-
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pression strength tester [CST], TEST ONE, Busan, Korea)
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Fig. 1. Experimental apparatus for the high temperature water
gas shift reaction using the prepared catalyst pellet
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2.4 HTWGSR
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Zo] 300 mm)E Fig. 13} o] A7]= Qo H2|s}
k. Azt Zu) W3S A% W3] SUS A
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Fig. 2. XRD pattern of the prepared Fe/Cr catalyst powder

Element Wit% Atomic%
C 2.17 5.01
(6] 29.84 51.86
Na 11.86 14.34
Cr 22.55 12.06
Fe 33.59 16.72
Total 100.00 100.00

(b) EDXS analyst result
Fig. 3. SEM surface image and EDXS analyst result of the
prepared Fe/Cr catalyst pellet

> ptRg AU =2
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Fig. 4. BET analyst result of the prepared Fe/Cr catalyst pellet
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Table 1S A|Z3F Fe/Cr Zujl Hela} AHg
Sof B3lo] k% A= Uehuic,

A Z35F Fe/Cr Znf H319] o= 7= 7.56 MPa
2, A8 Fe/Cr 21 H319] ¢k e 6.60 MPa2
BYIT o] AnmEE AxE S Wil AL &
b oRsia vlmstel 55 ok A% A

]

Fe/Cr

=]

M R
o

3.2 HTWGSR

Fig. 5= A|%3} Fe/Cr Znfj #8lS 0|83 HTWGSR
o] 7} 2o A COH0 H&ol| w2 Bh3- AZHE N,
7tAE AR 2 A 7R HIEAe] BAIE UE
Ril=g

300°C2] HTWGSRO|A] CO:H,09] H]-go] 1:2¢]

3% A 7k %—Hz 7F28) BlEE WhE AIRE 104

74%Z, 105 3 3.7%= Rt} ¥k 7kAel €O
7&4 Hl&2 1k AIZE 102 5 6.5%%5, 702 F
0.7%%E Rtk E3 A 7k 5 CO, 7kA9] Hl&
2 8RS AZE 108 3 33%Z, 705 5 1.5%2 29
t}. CO:H,09] H]&o] 1:3¢] AL H, 7}A9] vHjgLe
HRS A7F 105 & 6.8%E, 705 & 52%2 H 3]

Table 1. Compressive strengths of the prepared and commer-
cial Fe/Cr catalyst pellet

Cross-section| Maximum Compressive
Name area (mm’) | load (kgr) strength
£f (MPa)
Prepared Fe/Cr 28,92 20 756
catalyst pellet
Commercial
Fe/Cr catalyst 27.14 18 6.50
pellet
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CO 7}29] H]&-2 9k AIZE 108 & 2.7%%5, 7T0&

1.8%E H 3t E3F CO, 7kA9] Hl&-2 WhE- A]
7} 102 37 6%;3:, 70TT 5%E B9tk COH0
o] H]go] 1:4Q1 -9 Hy 7FA9] Hl&2 ¥k AZE
255 3 102%%E, 70t 3 103%= 29tk CO 71~
o] H]&-L2 ¥ A7t 108 T 1.8%E, 705 & 1.0%

2 Byt T3 CO, 7149 H]&-L vk A7F 105

—0—H
--0-- CO
Cco
——H
--m-- CO
o,
—s—H,
--@-- CO
co

L I I L I
10 20 30 40 50 60 70
Water gas shift reaction time (min)

(a) 300°C

—o—H
---o-- CO
co,
—a—H
sE m- CO
co,
—s—H
-8 CO

Production g

30 40 50 60 70
Water gas shift reaction time (min)

(b) 350°C

o—H,
--o-- CO
Co,
—s—H
15+ --m-- CO
co,

—e—H
-8 CO
co,

10 20 30 40 50 60 70
Water gas shift reaction time (min})

(c) 400°C
Fig. 5. Relationship between reaction time and production
gas ratio except N2 gas for each CO:H.O ratio and temper-
ature during HTWGSR using Fe/Cr catalyst pellet (open sym-
bol: CO:H,0=1:2, close symbol: CO:H,O=1:3, cross symbol:
CO:H,0=1:4)
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Fig. 6. Relationship between reaction time and CO conversion
for each CO:H,0 ratio and temperature during HTWGSR us-
ing Fe/Cr catalyst pellet
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745 Hy 7k ARF SHoA = COH09 HE-2
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Fig. 62 A|Z3t Fe/Cr )] 3l 0|85 HTWGSR
9] 7} oA CO:H0 H&of| W ¥kg- A7k} CO
AeEae] #AE et

300°C2] HTWGSROJA] CO:H,02] H]-go| 1:22]
8% CO Agh&-& vk AZE 107 5 78.0%E5 H.81
om AIZE Auet A FTkske] T0& - 97.6%E
Btk CO:H09] H|g0] 1:3¢] A% CO A3hge
HRS- A)7F 105 B 86.0%S Hglom 258 T 74.0%
B gt 3 ARE At oA Fokste] 707 &
90.6%S H gtk COH02] H|Lo] 1:42] 72 CO
ATHE2 RS AlZE 258 5 88.0%E5 HG.om 40+
T 94.0%= F718E & AJlZko] Ay Ao AA%H
e 8x5h 705 3 93.2%E KTt

350°C2] HTWGSROJA] CO:H,02] H]-go| 1:22]
8% CO Agh&-& vk AXF 255 5 94.0%5 H.81
om AIZE Auet A FTkske] 7T0E - 97.8%E
Bk CO:H09] H|g0] 1:3¢] A% CO A3hge
HES- AJ7F 105 3 88.0%S H G0 255 T 98.6%
& F7IRE 3 Azl Aue A A g A
3 705 3 99.3%E Hglrh CO:H09] Hlgo| 1:4
9l 79 CO A2 vk A7t 108 F 973%5 K
Qom 255 T 925%2 7had & A7k Fute) ¢
A Aaste] 708 F- 88.0%E KAt

400°C2] HTWGSRO|A CO:H,02] H]-go] 1:22]
8% CO Agh&-& vk AXE 107 5 86.0%F H.81
o 25K 3 69.0%= 7As 3 A7 Anke} 3
S7Feto] 7046 5 93.5%5 H3irk CO:H09] H|E0]
1:391 74§ CO HFhe-2 ¥hg A7 258 5 95.5%%
Helom AIZF ZAae} §A S7ste] 708 5 97.7%
£ B9l CO:H02| H-&o] 1:42] A% CO AT
"3 AJZF 105 & 86.4%2 Hglom A7k Ax}
WA Z7Fske] 705 & 98.3%E Hglch

300°C2] HTWGSROJ|A] CO #AFH-S CO:H,09]
80| 1:2¢1 A97} 123, 1:49] AHT} Wk A|7to]
ZBashH =2 B¥S HIlth 350°Ce] HTWGSRO]
A CO &2 CO:H09] Hlgo] 1:38] 7-$-oflA

2 ro w
o
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1:2, 1:4Q] AWt =& Z3S Hlon 400°Co
HTWGSROA] CO #3hg-2 COH09] H|&©] 1:3,
1:4Q1 7oA 1:2¢] Bf-Eet %2 Bk HIlth

Fig. 6& H & 4= Ql5=0] 300°C2] HTWGSR 9]
79 CO:H09] H]go] 1:2, 1:4Q] AL A, 350°C
©] HTWGSR®] 79~ CO:H,02] H]-&0] 1:2, 1:3¢] 79
of| A, 400°C2] HTWGSRQ] 79 CO:H,02] H|-&o]
1:3, 1:4Q1 Z9-oflA] §kG- A7 252 S]] CO Hehe
Aol YA Gk H et} E3F 300°CS] HTWGSR ]
73 COH09] H&o] 1:3%Y wj 7k AJ7k 258 Fof]
CO Azrgo] Zrlsl= ATRS, 350°Ce] HTWGSR
9] 7% COR09] Hlgo] 1:4¢ wff §kg- AR 253 59
QO Hghgo] ot 7Asl= kS, 400°CS] HTWGSR
o] 4% COH09] H]&o] 1224 uf 9k3- A7+ 402
ol CO ATHE2 7] YAt 4

ZF HTWGSR | ¥1g- 2%of| 4 CO:H0 H]&of u}
2 4kS A|7H} CO 7hA AFeS E3tH o g 117
519 wf BhE AT oF 407 H=7t
=2 o

Fig. 7 A28t Fe/Cr Zvlf HSlE: o]-85F HTWGSR

gheate] JAE YERdch

300°C2] HTWGSRo||A] <+ CO AeHe-2 CO:H0
o] v]go] 1:3Y 0| 96.5%2 =2 7S ¥k 350°C
©] HTWGSROJA B3t CO g2 CO:H09] vl&

._.
=1
[=1

=]
=

—®—COH,0=12
--@- COH0=13
~ & COH,0=1:4

=3
=1

Average CO conversion (%)

. . .
230 300 330 400 450
Water gas shift reaction tem perature (°C)

Fig. 7. Relationship between reaction temperature and aver-
age CO conversion for each CO:H0 ratio in HTWGSR using
Fe/Cr catalyst pellet
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