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Fig. 3 TPR profiles of Ni/y-Al,O; with

various nickel loadings
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Table 1 Furfural hydrogenation over various supported nickel catalysts

Reaction Time Conversion Product distribution (% )
Catalyst temperature ( °C ) (h) (%) Furfural alcohol Tetrahydro-furfural alcohol Others

10% Ni/y-Al, O, 80 1 4.1 92.0 4.8 3.2
2 12.0 89.6 5.6 4.8
3 16.2 90.8 3.7 5.5
10% Ni/a-Al, O, 80 1 12.2 66.3 5.5 28.2
2 22.7 63.7 4.6 31.7
3 30.8 60.4 3.5 36.1
10% Ni/Zx0, 80 1 33.1 8.3 - 91.7
2 46.0 11.6 - 88.4
3 48.7 14.8 - 85.2

10% Ni/TiO, 80 1 2.4 100.0 - -

2 2.6 100.0 - -

3 3.0 100.0 - -
10% Ni/MgO 80 1 1.4 61.6 14.5 23.9
2 1.6 57.7 20.3 22.0
3 1.4 60.8 9.3 29.9
10% Ni/USY 80 1 21.2 3.6 - 96.4
2 41.3 0.8 - 99.2
3 44.2 1.1 - 98.9
10% Ni/ WO, -Zx0, 80 1 18.4 4.8 - 95.2
2 40.2 6.0 - 94.0
3 43.3 7.9 0.4 91.7

a Reaction conditions; furfural, 4 mL; ethanol, 40 mL; reaction pressure, 1.5 MPa; stirring speed, 800 r. p. m. ;

the catalysts were calcined at 500 °C for 4 h in oven and reduced at 600 °C for 2 h under pure H,(99.999% )
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Table 2 Furfural hydrogenation over Ni/y-Al, O, with various nickel loadings

Reaction Time Conversion Product distribution (% )

Catalyst temperature( °C) (h) (%) Furfural alcohol Tetrahydro-furfural alcohol Others

5% Ni/y-Al, O, 80 1 4.9 84.4 4.5 11.1
2 7.7 85.5 2.6 11.9

3 10.4 86.7 1.8 11.5

10% Ni/y-Al, O, 80 1 4.1 92.0 4.8 3.2
2 12.0 89.6 5.6 4.8

3 16.2 90.8 3.7 5.5

15% Ni/y-Al, O, 80 1 8.4 79.6 5.5 14.9
2 21.6 73.7 5.0 21.3

3 27.6 78.7 4.5 16.8

20% Ni/y-Al, O, 80 1 17.9 80.6 7.1 12.3
2 37.9 81.4 5.7 12.9

3 52.7 79.4 6.1 14.5

a Reaction conditions are the same as Table 1.
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Table 3 Effect of reaction, calcination and reduction temperatures on the furfural hydrogenation over 10% Niy-Al, O,

Reaction Time Conversion Product distribution (% )

Catalyst temperature ( °C ) (h) (%) Furfural alcohol Tetrahydro-furfural alcohol Others

10% Ni/y-Al, 05-100-600-2 80 1 14.4 75.5 2.9 21.6
2 28.3 86.6 2.7 10.7

3 36.6 86.4 3.6 10.0

10% Ni/-Al, 0,-300-600-2 80 1 5.1 72.6 8.9 18.5
2 14.1 78.3 5.0 16.7

3 19.3 77.8 3.0 19.2

10% Ni/y-Al, 0;-400-600-2 80 1 5.6 89.2 4.5 6.3
2 10.5 85.2 5.6 9.2

3 13.8 84.9 6.8 8.3

10% Ni/y-Al, 0;-500-600-2 80 1 4.1 92.0 4.8 3.2
2 12.0 89.6 5.6 4.8

3 16.2 90.8 3.7 5.5

10% Ni/y-Al, 0;-500-500-2 80 1 2.8 84.0 - 16.0
2 4.5 82.1 - 17.9

3 6.1 81.7 - 18.3

10% Ni/y-Al,05-100-600-2 120 1 27.0 46.9 1.3 51.8
2 40.7 50.5 0.8 48.7

3 51.5 54.6 2.5 42.9

10% Ni/y-Al, 05-500-600-2 120 1 13.6 63.4 1.7 34.9
2 37.8 61.6 1.2 37.2

3 41.3 59.9 1.3 38.8

10% Ni/y-Al, 0,-500-600-2" 120 1 12.8 92.5 4.5 3.0
2 12.1 92.3 7.2 0.5

3 17.4 94.7 5.0 0.3

a Reaction conditions are the same as Table 1. The numbers of the samples indicate calcination

temperatures( °C ) , reduction temperatures( °C ) and reduction time(h) , respectively.

b Cyclohexane used as solvent.
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Selective Hydrogenation of Furfural to Furfural Alcohol

over Nickel Supported y-Al, O, Catalysts
LIU Qi-ying, LI Yong, CAI Wei-jie, LI Juan, XU Yi-de, SHEN Wen-jie
(State Key Laboratory of Catalysis, Dalian Institute of Chemical Physics, The Chinese Academy of Sciences ,
Dalian 116023, China)

Abstract: Nickel supported on various metallic oxides was prepared by impregnation method, and used for selective
hydrogenation of furfural to furfural alcohol in a 100 mL stainless steel autoclave lined with quartz glass with me-
chanical stirrer. The Ni/y-Al, O, samples were characterized by X-ray Diffraction (XRD) and Temperature-Pro-
grammed Reduction (TPR). It was found that nickel could disperse highly on the surface of y-Al, O; within the
nickel loadings of 5 ~15% and aggregate over 20% Ni/y-Al,O;. The increase of calcination temperatures promoted
the dispersion of nickel through decomposes of nickel hydroxides to nickel oxides. Results of TPR indicated the ex-
istence of strong interactions between the metal and support, and the interactions decreased with the increase of
nickel loadings. Moreover, the calcination temperatures could promote the interactions due to the highly dispersion
of nickel at higher calcined temperature. Some acitivity and high selectivity to furfural alcohol was found in hydro-
genation of furfural over 10% Ni/y-Al, O, because of the large surface and appropriate surface structures of -
Al O;. In addition, hydrogenation of furfural in nonpolar solvent such as cyclohexane exhibited higher selectivity to
furfural alcohol comparing to ethanol, due to the elimination of acetals between the reaction of furfural and ethanol.

Key words: Nickel; y-Al,0;; Incipient wetness impregnation; Furfural; Furfural alcohol



