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Abstract—Adsorption properties and activity of cobalt and nickel catalysts have been studied by temperature
programmed desorption (TPD) of carbon monoxide and by methanation test, as the catalysts are contaminated by sur-
face carbon and are regenerated by hydrogen treatment thereafter. Carbon on the catalyst surface has been accumu-
lated by disproportionation of carbon monoxide at elevated temperatures. It has been observed that catalysts with
surface carbon deposited at 450°C are deactivated more rapidly than those with carbon deposited at 300°C, and
also that the former are more easily regenerated by hydrogen treatment than the latter. Cobalt undergoes more severe
deactivation than nickel by surface carbon accumulation, but it is readily regenerated by hydrogen treatment. In this
study, catalyst deactivation by surface carbon could be monitored by changes in the TPD chromatogram, which show-
ed reduction of peaks below 200°C accompanied by a new peak appearing above 300°C. However, the catalyst rege-
neration process could not be monitored in this manner, which may suggest that the structure of the catalyst has been
modified during the deactivation and regeneration processes.
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Fig. 1. Temperature programmed desorption of
€O on 5% Co/Al,04:
——, fresh ;- after carbon deposition at 300°C

for 1hr;——, after reaction with Hj at 450°C for
1hr.
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Fig. 2a. Temperature programmed desorption of
CO on 5% Co/ALQ,:
—, fresh;-----, after carbon deposition at
450°C for 0.5 hr;-.—, after carbon deposition
at 450°C for 1 hr;~-—, after reaction with H,
at 450°C for 0.5 hr;——, after reaction with
H, at 450°C for 1 hr.
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Fig. 2b. Temperature programmed desorption of
CO on 5% CO/A]zO:.;:
—— fresh;-----, after carbon deposition at
450°C for 1 hr;—-— after flushing in He at
450°C for 1 hr;—~ after reaction with O, at
200°C for 0.5 hr followed by reaction with H,
at 450°C for 1 hr;—— after reaction with O,
at 300°C for 0.5 hr followed by reaction with
H, at 450°C for 1 hr.
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Fig. 3. Temperature programmed desorption of
CO on 5% Ni/Al,04:
——, fresh;~---, after carbon deposition at 300°C

for 1 hr;—— after reaction with H, at 450°C for
1hr.
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CO Response (Arbitrary Unit)
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Fig. 4. Temperature programmed desorption of
CO on 5% Ni/Al,Q,:

—, fresh; ..., after carbon deposition at 450°C
for 1 hr;—-—, after reaction with H, at 450°C for
1 hr; — —, after reaction with O, at 300°C for 0.5
hr followed by reaction with H, at 450°C for 1
hr.
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Table 1. Methanation activity of 5% Co/Al04%

Activity Ratio to

Sample Methanation Rate Activity Ratio to .
Code {mole/sec-gcat) Fresh Catalyst(%) (Rzng‘t;:xii g?ft;li f::y)c

A 277.8 100.0 —

B 25.9 9.3 1.0
C 117.8 424 45
D 219.2 78.9 8.5
E b 1.0 1.0
F 64.9 234 23.2
G 229.2 82.5 81.9
H 257.0 92.5 91.8

A. Fresh catalyst after reduction at 525 C for 7 hrs.
B.

After carbon deposition on Sample A at 300 C for 1 hr.

C. After H, treatment of Sample B at 450 C for 1 hr.
D. After H, treatment of Sample B at 500 C for 1 hr.

E. After carbon deposition on Sample A at 450 C for 1 hr.

F. After He treatment of Sample E at 450 C for 1 hr.
G. After H, treatment of Sample F at 450 C for 1 hr.
H. After H, treatment of Sample E at 450 C for 1 hr.
a. Reaction condition: 270 C, 1 atm, H,/CO = 3.0.

b. Methane was not detected by GC, and therefore the rate was arbitrarily assumed to be 2.8 umole/sec-gcat for calculation

of activity ratios.

c. Defined as the ratio of activities before and after regeneration.
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Table 2. Methanation activity of 5% Ni/Al,0,°.

Sample Methanation Rate Activity Ratio to DActmty edRaCt:zatlo ts
Code (nmole/sec-geat) Fresh Catalyst(%) (Regez;el:;:on Efﬁcnz::cy)
A 340.7 100.0 -
B 97.8 28.7 1.0
C 195.5 57.4 2.0
D 38.7 114 1.0
E 150.4 44.1 3.9

A. Fresh catalyst after reduction at 480 C for 4 hrs.

B. After carbon deposition on Sample A at 300 C for 1 hr.

C. After H, treatment of Sample B at 450 C for 1 hr.

D. After carbon deposition on Sample A at 450 C for 1 hr.

E. After H, treatment of Sample D at 450 C for 1 hr.
a. Reaction condition: 260 C, 1 atm, H,/CO = 3.0.

b. Defined as the ratio of activities before and after regeneration.
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