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Effects of Cu promoter on the low temperature reducibility of Ni/ vy -Al, O,
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Abstract A series of CuNi/ y -Al, O, catalysts with different Cu contents were prepared and evaluated by the
gas-phase benzene hydrogenation as a probe reaction. After reduction at 160 C  the Cu-promoted CuNi/ vy -
Al, O, catalysts exhibited considerably higher activity than Ni/ y -Al, O, catalysts and the copper content played
an important role in the catalyst reducibility and catalytic activity. The catalyst CuNi/ y -Al,O, with copper to
nickel atomic ratio 1: 1 exhibited best catalytic activity and stability. XRD X-ray diffraction results showed
that the addition of copper to the Ni/ y -Al,O, catalysts significantly improved the dispersion of NiO over vy -
Al,O, the CuNi/ y -Al,O, with copper to nickel atomic ratio 1: 1 had optimal dispersion and further addition
was accommodated by the decreasing of the dispersion of NiO. TPR temperature programmed reduction results
suggested the addition of copper promoted the reducibility of supported nickel oxide by enhancing surface segre-
gation of a NiO-like phase while copper to nickel atomic ratio in excess of 3: 5 had practically no additional pro-
moting effect.
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2 Cu  Ni/y-AL O, 215
8 h 6" +12% 40 kV 100 mA 0.02°
1 mL
160 °C 0.5 MPa ~0.7 MPa )
S:0h-6.0h" 200 2.1 Ni/ y-ALO,  Cu/y-ALO,
GC9A
1 8 h
1.3 H,-TPR TL-5000-11 Ni/ y -AL O, |
6% H,/N, Ni/ vy -Al, O, 400 C
N, 99% 250 °C 160 C
S0 meg Teb 4% 2% Ni
300 CN, N, 1h
‘ H,/N, TCD ] 10 C/ 250 C 160 °C
min | 720 °C Ni/ y -ALO,
30 mL/min Cu/ y -ALO, 400 C
Rigaku P/max-2500 X 160 °C
CuKa
1 Ni/ y-ALLO, Cw y-ALO,
Table 1  Catalytic activity of benzene hydrogenation with reaction time over catalysts after reduction at
different temperature
Reduction Benzene conversion  x,, /%
Catalyst temperature ¢ /C 8 h 16 h 24h 32h 40 h 48 h
Ni/ y -AlL 0, 400 99.4 99.8 100 100 99.8 99.8
Ni/ y -AlL O, 250 3.6 4.2 3.8 4.9 5.0 4.3
Ni/ y -AlL O, 160 1.3 1.5 1.1 1.6 1.6 1.4
Cw vy -AL O, 400 1.7 1.8 1.8 1.6 2.0 1.2
Cu/ y -Al, O, 160 1.2 0.9 1.1 1.4 1.2 1.3
2.2 Cu x NV/vy-ALO,
Cu x Ni/vy-ALO, 160 C
8h 2 2
Cu x Ni/y-AlLO, 2 160 °C Cu x Ni/y-ALO, Ni/y-ALO,
Cu 4 Ni/y-AlLO,
100% Ni/ y -AL 0, Table 2  Catalytic activity of benzene hydrogenation with
Cu 4 Ni/y-Al0O; reaction time over CuNi/ y -Al,O; and Ni/Al, O,
160 C Cu Ni/ y -AlL 0, catalysts after reduction at 160 °C
Benzene conversion  «x,, /%
28 h Catalyst 8h 12h 16h 20h 24h 28h
87. 1% 100% Ni/ y -AlL 0, 1.3 1.2 1.5 1.3 1.1 1.4
89. 6% o) Cu 10 Ni/y -ALO, Cu 2 Ni/ vy -AlLO, 34.8 20.6 8.0 3.9 2.9 3.5
Cu Cu 4 Ni/ vy -AlLO, 100 99.3 100 100 93.2 87.1
Cu 6 Ni/vy-ALO, 100 100 100 100 98.7 96.7
Cu 10 Ni/ vy -Al, 0, 100 100 100 100 100 100
Cu Cu 12 N/ vy -AlL O, 100 100 100 100 97.4 89.6
v -AL 0, Ni
NiO 1y -AL O, Cu/ Ni/ y -Al, 04 Y-
Ni 151 Ni ALO, !
Cu/Ni 1:1 N NiO NiAlL 0,
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Figure 1 TPR characterization of calcined catalysts in 6%
H,/N, with heating rate of 10 °C/min
aNi/y-AlLO; bCu 2 Ni/y-AlLO; ¢ Cu 4 Ni/vy-AlLO,
d Cu 6 Ni/y-AlLLO; e Cu 10 Ni/y-Al 0,
fCu 12 Ni/ vy -ALO, g Cu/y-AlO,
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Figure 2 XRD patterns of the calcined catalysts
a Ni/ y-ALO; b Cu 2 Ni/y-ALO; ¢ Cu 4 Ni/vy-ALO,
d Cu 6 N/ y-ALO; eCu 10 N/ y-AlLO,
f Cu 12 Ni/y -ALO,
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Figure 3 XRD patterns of the catalysts reduced at
160 °C for 8 h
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