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Characterization of Amorphous Ni-Cu-Ce-B Catalysts and

Their Surface Interaction Mechanism in Phenol Hydrogenation
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Abstract: Supported and non-supported amorphous Ni-Cu-Ce-B catalysts were prepared by
combining impregnation and chemical reduction methods, with NiCl,, Cu(NO;), and Ce(NO;); as
raw materials and KBH, as reducing agent. These catalysts were characterized by differential
scanning calorimetry (DSC), physical adsorption instrument (BET method), scanning electron
microscope (SEM) and X-ray diffractometer ( XRD). The surface interaction mechanism and
catalytic performance of Cu and Ce modified Ni-B/y-Al, O, catalysts were studied by
the hydrogenation of phenol to cyclohexanone as probe reaction. The results demonstrated that
introducing Cu and Ce atoms favors increasing the lowest crystallized temperature, thus
strengthening the thermal stability. When they are located on the y-Al,O; support, both specific
surface area and dispersity of active components can be significantly improved. Moreover,
promoting the electronic transfer between Cu and Ni and the enhancement of the basicity by doping
Ce are beneficial to increase the selectivity of cyclohexanone.
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x1 HHBMELFBELTHN BET U EHEF
Table 1 BET determination data of supported and

non-supported catalysts

Specific Average Pore
Catalyst surface area/ pore size/ volume/
(m? «g 1) nm (em?® + g 1)
Ni-Cu-Ce-B 104 3.33 0.1661
Ni-B/y-Al; O 147 4.98 0.2716
Ni-Cu-B/y-Al, O3 173 4. 99 0.2918
Ni-Cu-Ce-B/y-Al; Oy 198 5.21 0. 2666
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Fig. 1 DSC curves of different non-supported Ni-B catalysts
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Fig. 2 SEM images of Ni-Cu-Ce-B/7-Al, O; and
Ni-Cu-Ce/y-Al, O; supported catalysts
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Fig. 3 XRD patterns of Ni-Cu-Ce-B non-supported

catalysts at different heat-treated time ()
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Fig. 4 XRD patterns of Ni-Cu-Ce-B non-supported catalysts at

different calcinated temperatures (7. )
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Table 2 Activity and selectivity of Ni-B/y-Al, O;
supported catalyst with different additives

Catalyst x/% s/ %
Ni-B/y-Al, O 40. 68 14. 25
Ni-Cu-B/y-Al; O; 42.03 22.61
Ni-Ce-B/y-Al, Oy 41. 87 20. 15
Ni-Cu-Ce-B/y-Al; O; 48. 21 29.16
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Fig. 5 Interaction mechanism of Cu and Ce on the surface of Ni-B/y-Al, O; supported catalyst
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