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Abstract—Reduction characteristics of Co or Mo oxide catalysts supported on activated carbon and alumina was
studied under hydrogen atmosphere using a flow microbalance reactor. The results of TPR study and reduction kine-
tics study analyzed by the Elovich mechanism showed that the catalysts supported on the carbon had higher rate of
reduction and lower variation of reduction activation energy with the extent of reduction. This suggested that the car-
bon support had less and more homogeneous interaction with the metal phases. The precursor oxide states examined
by XRD and DRS and the reduced states investigated by ethylene hydrogenation and hydrogen chemisorption were in
good correlation with the proposed explanation.
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Fig. 1. Schematic diagram of the flow microbal-
ance reactor.
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Fig. 2. Diffuse reflectance spectra of (A) MojAl
and (B) Mo/C catalysts.
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Table 1. Properties of Mo oxide catalysts

Table 2. Properties of Co oxide catalysts

Catalyst Colour® DRS@  XRD® o Catalyst Colour®  DRS® XRD® @
2.0wt% Mo/Al  w T(s) —  0.103 1.2wt% Co/Al b T(s) - 0.032
6.6wt% Mo/Al  w T(m),Ow) —  0.221 4.1wt% Co/Al  gb O(m) - 0436

14.5wt% Mo/Al  wy  T(m), O(m) MoOs(w) 0.329 9.3wt% Co/Al b 0(s) Co304(w) 0.672
2.0wt% Mo/C b T - 0176 1.2wt% Co/C b U - 0.102
6.8wt% Mo/C b T - 0.260 4.2wt% Co/C b U - 0.557

14.8wt% Mo/C b T — 0.372 9.6wt% Co/C b U Co304(w) 0.885

(1) w; white, y; yellow, b; black.
(2) T; tetrahedral, O; octahedral,
T; similar to tetrahedral position, but not identified,
s; strong, m; moderate, w; weak.
(3) w; weak.
(4) a; fractional extent of reduction measured on the ca-
talyst reduced at 500 °C for 1 hour.
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Fig. 3. Diffuse reflectance spectra of (A) Co/Al
and (B) Co/C catalysts.
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(1) 1b; light blue, gb; grey black, b; black.
(2) T; tetrahedral, O; octahedral,
U; unidentified single peak centered at about 210
nm,
s: strong, m; moderate,
(3) w; weak.
(4) a; fractional extent of reduction measured on the ca-
talyst reduced at 500 °C for 1 hour.
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Table 3. Catalytic activities of model catalysts

3
E O 6.6wt% Mo/Al
g 20l ® 6.8wt% Mo/C
g |
2
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2 L
0 0.1 0.2 0.3

Extent of reduction, a

Fig. 7. Reduction activation energy for Mo cata-
lysts.

Catalyst T® k® a® Ka BW W8
(°C) (x102)
Mo/Al 400 0.012 0.121(+5.3) 0.099 3.24 0.37

(6.6wt%) 500 0.043 0.221(+4.7) 0.195 5.39 0.80
600 0.413 0.364(+3.8) 1.135 6.88 6.00

Mo/C 400 0.248 0.135(+5.2) 1.837 6.84 3.63
(6.8wt%) 500 2.379 0.260(+4.4) 9.150 9.85 24.15
600 0.335 0.405(+3.6) 0.827 3.89 8.61

(1) The catalyst was reduced at the specified tempera-
ture for 1 hour.

(2) First order rate constant in lit/gcat.min.

(3) Apparent extent of reduction defined on the basis of
MoQ3-—Mo. The number in parenthesis indicates
average oxidation number calculated from a.

(4) Amount of hydrogen chemisorption in umol/gcat.
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