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Catalytic Performance of Fe/Cr/Mg Pellets on the High-temperature
Water-gas Shift Reaction
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TCorresponding author :
gihwang@hoseo.edu Abstract >> A Fe/Cr/Mg catalyst pellet was developed for the high-temperature

' water-gas shift reaction (HT-WGSR) to enable efficient hydrogen production from
zgsies';zd igs Zzz:x;'fgsgs syngas derived from waste plastic gasification. The catalyst was synthesized via
Accepted 19 September, 2025 @ CO-precipitation method to produce Fe/Cr/Mg catalyst powders, followed by

palletization through compression molding. HT-WGSR performance was eval-
uated at CO:H,0 feed ratios of 1:2-3 and operating temperatures of 300-400C
under a gas hourly space velocity of 10,000 h-1. The highest CO conversion
(78-85%) was obtained at 300C with a CO:H,0 ratio of 1:2, while the maximum
H, selectivity (0.91-1.00) was achieved at 400C with a CO:H,0 ratio of 1:3.
Compared with Fe/Cr pellets, the Fe/Cr/Mg pellets exhibited slightly lower CO
conversion but significantly enhanced H, selectivity, attributed to the formation
of spinel-phase MgCrFeO,.

Key words : Hydrogen production(24 X X), Waste plastic gasification(H| Z2tA
E| 7tA }), Water-gas shift reaction(£4 7} A H8HES), Catalyst(E0H),
Catalyst pellet(Z0 &)
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Table 1. Each gas flow rate at CO:H,0O ratio

CO:H,0O |CO flow rate | N, flow rate | Steam flow rate
ratio (mL/min) (mL/min) (mL/min)

12 155 63 310
13 103 115 310
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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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Fig. 2. XRD pattern of the prepared Fe/Cr/Mg catalyst powder
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(a) SEM image

Element Weight % | Atomic %
C 6.45 13.33
8] 39.67 61.50
Na 0.37 0.39
Cr 11.34 541
Fe 41.06 18.23
Mg 1.11 1.13

Total: 100.00 100.00
(b) EDXS data

Fig. 3. SEM images of Fe/Cr/Mg and Fe/Cr catalyst pow-
ders, along with the EDXS data of the Fe/Cr/Mg catalyst
powder
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Fig. 4. Cumulative pore volume versus pore radius derived
from the BET analysis
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Fig. 5. Temporal evolution of outlet gas compositions (CO,
Hz, and CO,, excluding N) during the high-temperature
water-gas shift reaction over Fe/Cr/Mg catalyst pellets at
different CO:H,O ratios and temperatures. (closed sym-
bols: CO:H,O = 1:2; open symbols: CO:H,O = 1:3)
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Fig. 6. Relationship between reaction time and CO con-
version for each CO:H,O ratio and temperature during the
high-temperature water-gas shift reaction using Fe/Cr/Mg
catalyst pellets
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Fig. 7. Relationship between reaction time and H. se-
lectivity for each CO:H,0 ratio and temperature during the
high-temperature water-gas shift reaction over Fe/Cr/Mg
catalyst pellets
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