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Abstract— The deactivation of copper catalysts supported on magnesia, zinc oxide and silica in the dehydrogenation of
cyclohexanol to cyclohexanone was examined. The effect of support on the deactivation was discussed in the aspects of the
sintering of copper particle and carbon deposition. Slow deactivation of copper catalyst supported on silica comparing with
those supported on magnesia and zinc oxide was interpreted by relatively slow progressing rate of sintering of copper par-

ticle and small amount of carbon deposit.
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Table 1. BET surface area and copper content of supported copper

catalysts
Catalyst BET surface area(m’™ g ) Cu content(wt%)
Cu/MgO 53 39.2
Cu/ZnO 76 29.0
Cu/SiO, 126 63.9
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Fig. 1. Conversion of supported copper catalysts in the dehy-
drogenation of cyclohexanol at 250°C. Reaction temperature
is increased to 330°C for intermediate period for rapid deac-
tivation.
®: Cu/MgO; = : Cu/ZnO: a: Cu/SiO,
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Fig. 2. Selectivity to cyclohexanone of supported copper catalysts in
the dehydrogenation of cyclohexanol at 250°C. Reaction tem-
perature is increased to 330°C for intermediate period for ra-
pid deactivation.
®: CuMgQ; w: Cu/ZnO:; a: Cu/SiO,

Table 2. The detected phases of supported copper catalysts from pow-

der XRD
Detected phases
Catalvst - T ; -

. After calcination After reduction Afler reaction
Cu/MgO CuO, MgO Cu Cu
Cu/Zn0O CuQ, Zn0O Cu, ZnO Cu, Zn0O
Cu/Si0. Cu0 Cu Cu
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Fig. 3. X-ray diffraction patterns of deactivated copper supported
catalysts. (A) Cu/MgO. (B) Cu/ZnO and (C) Cuw/SiO,.
Arrow line indicates the peak due to Cu(111) plane.

Table 3. Average size of copper particie of supported copper cat-
alyst determined by X-ray line broadening

Partticle size(A)

Catalyst T S - —
After calcination After reduction After reaction
Cu/MgO 100 110 188
Cu/ZnO ) 78 133
Cu/SiO. 75 20 167

"Determinated from (111) plane of CuO. “Deerminated from (111)
plane of Cu. "Determinated from (111) plane of Cu.
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Fig. 4. TEM photos of copper supported catalysts. (A) Cw/ZnO:
fresh, (B) Cw/ZnO: after deactivation, (C) Cu/SiO,: fresh
and (D) Cu/Si0,: after deactivation.
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Fig. 5. XPS spectra of deactivated copper supported catalysts. (A)
Cu/MgO, (B) Cu/ZnO and (C) Cuw/SiO,.
m: Cu; 0O: Cu(Auger); &: C, @: 0

Table 4. Surface concentrations of carbon on supported copper cat-
alysts from XPS analysis

Deposit amount of carbon'(wt%)

Catalyst T .
’ After calcination After reaction
13.9 27.6
8.4 19.4
7.8 18.5

"Surface concentration of carbon was calculated from the surface com-
position of Cu, C, O and support metal.
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