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Abstract — Various additives were added in small amounts on Ni/YSZ anode of SOFC (solid oxide fuel cell) in order
to improve reactivity and to inhibit deactivation due to coke deposition during methane reforming using a low mole ratio
steam (H,O/CH,=1.5) at 800 °C. Ni/YSZ catalysts added with various perovskites did not show any improvement but
exhibited a gradual decrease in the methane conversion. K-doped Ni/YSZ showed a steady increase and maintenance of
the conversion up to 42 hours, after which there was an abrupt deactivation of catalyst owing to potassium loss by vol-
atilization. Addition of 5% of K,Ti,O5 on Ni/YSZ showed a stable maintenance of the conversion without K loss, and
was able to prevent coke formation during a long time operation. Deactivation of catalyst during the reaction was mainly
caused by the accumulation of graphidic carbon on the catalyst surface.
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Fig. 1. Conversion as a function of reaction time for various metals
doped Ni/YSZ at 1.0 molar ratio of H,O/CH,.
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Fig. 3. CO and CO, selectivity for various metals doped Ni/YSZ at
1.0 molar ratio of H,O/CH,.
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Fig. 4. Longevity tests for K-containing catalysts at 1.0 molar ratio of
H,0/CH,.

Table 1. ICP analyses of potassium in catalysts as a function reaction
time for K-impregnated and K, Ti,Os-mixed Ni/YSZ catalysts
5 wt% K impregnated on Ni/'YSZ 5 wt% K, Ti,O5 mixed with Ni/YSZ
Before reaction 4.29% Before reaction 1.35%
After 8 hrs reaction 0.83%  After 8 hrs reaction 1.34%
After 72 hrs reaction  0.04%  After 90 hrs reaction 1.33%
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800 °C for 8 h (a) and 72 h (b), respectively.
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Fig. 6. CO, peaks produced by TPO reaction for various metal-doped
Ni/YSZ catalysts that experienced the reforming reaction at
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Table 2. Carbon deposition amount measured after reforming reaction
for 6 h. Reaction conditions: H,0/CH,=1.0, GHSV=38000 hl
CH,=30 cc/min, He=92 cc/min, Catalyst loading=300 mg, Metal
loading: Single metal S wt%, NiO 52.25 wt%, YSZ 42.75 wt%

Carbon deposition amount ~ Carbon production rate

Addictive (@ (@/min) x 10°
None 0.018 5.07
Co 0.057 15.88
Cu 0.017 4.79
Cr 0.0087 2.42
Fe 0.034 9.54
K 0.0 0.0
Mn 0.15 41.02
Pd 0.062 17.25
K, Ti,O4 0.0041 1.14

GHSV [h'']=Gas Hourly Space Velocity
=v,/V (reactor volume)
v,: volumetric flow rate entering the reactor in the GHSV measured at
standard temperature and pressure (STP)
V: reactor volume

Table 3. Carbon deposition amount of 5% K,Ti,O5 physical mixing
with Ni/YSZ and 5% Cr impregnated on Ni/YSZ at various
H,0/CH, ratio measured after reforming reaction for 6 h.
Reaction conditions: Catalyst loading=300 mg, Metal loading:
Single metal 5 wt%, NiO 52.25 wt%, YSZ 42.75 wt%

H/C Conversion Carbon deposition from TPO(g)
. H,0/CH,=2  0.8394101 0.004132455
K, Ti,O5 -

H,O/CH=1  0.7329114 0.004902236
c H,O/CH=2  0.9904162 0.004949758

r
H,O/CH,=1  0.969087 0.008720405
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YSZZh Vg A W] dolukeS Held 4 gk w4,

lo
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TPO A5 3l 7 'hAe] F A% methane®] A3HEH]
A HS u] ZFuljo] njgAdsle] Qlo] vhao] HA <ol At
P& 71 2 EE & 5 3l8ink Cro] F#® NiYSzell Hy0/
CH,22% 33, 919] H,0/CH=19 wje} 3-8 k& ks 27
NN F571 71 HEEAIARSES W, RE3-e] Eo] Tkl o
o] JAS maprow =9 ATk whdel 5 wit% K, Ti,05
7} E8¥ Ni/YSzell H,0/CH,=2% & 33+ &0l wkeA)A
BokS wl, HyO/CH=1]] 73-%-¢} vl Whg-2] &/do] Z71AINh
A0 Ak A2 vl o= K, Tih,0s= S0l A=A 5
A°] FAAE v 2 Z4S 7 Qo ore T WRE A
CO2] water gas shift HF At 571 FEE S7HAIA 1t
HAOE coke FA o] o= Z o= Hh5] Fl}.

A2 AHE T3] = o, potassiume] latticetfoll EAsh= &
o] v]Z}¢] DIR (Direct internal reforming) ¥+-5-& SOFC += %
2 AR 7FsAdo] serhar Boitk, & Al HE K, Ti,0;4
A7} EFuls 5571 WA gl Qg et 43S 71431 801 steam
S excess® 39 orA Qe XXM E T gt A}
W0l S S = Qlol, A SOFC &= 24 =2A 218
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