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Preparation of furfuryl alcohol from hydrogen-transfer
hydrogenation of furfural by Ni-based catalysts
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(1. College of Chemistry and Materials Science, Hebei University, Baoding 071002, Hebei, China; 2. Kailuan Energy
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Abstract: Three nickel-based nanocatalysts NiAl-HT, NiAl-CP and NiAl-IMP with alumina as carrier were
prepared by hydrothermal, co-precipitation and impregnation methods, respectively, using Ni(NO3),*6H,0
and AI(NO;);*9H,0 as raw materials, NaOH and Na,CO; as precipitants and y-Al,O; as carrier, and
characterized by XRD, H,-TPR, TEM, NH;-TPR and XPS. The catalytic performance of NiAl-HT,
NiAl-CP and NiAl-IMP were evaluated using furfuryl alcohol (FOL) obtained from furfural (FAL) transfer
hydrogenation as a model, while the influence of preparation method and precursor reduction temperature
on the results of FAL transfer hydrogenation reaction, as well as the effects of alcohol solvent, hydrogen
donor type and reaction temperature on FAL conversion and FOL selectivity were analyzed. The stability
and deactivation mechanism of the catalysts were further explored. The results showed that the NiAlI-HT
prepared by hydrothermal method and 500 °C reduction of precursor displayed a suitable specific surface
area (234.8 m’/g), abundant weak acidic sites, uniform distribution of nickel nanoparticles (about 7.5 nm
average particle size), and strong interactions between active center Ni and carrier, and exhibited the best
catalytic performance for FAL transfer hydrogenation reaction. Under the optimal conditions of 0.05 g
NiAl-HT, 10 mL isopropanol as solvent and hydrogen donor, 140 °C, 60 min, and nitrogen pressure 0.5
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MPa, the conversion rate of FAL (1 mmol) and the selectivity of FOL were >99.9%. FOL selectivity and
conversion rate of FAL remained 99% after three times of recycling of NiAI-HT, and the conversion of FAL

decreased to 90% after 5 times of recycling. Agglomeration sintering and loss of nickel nanoparticles were

attributed as the main reasons for the decrease in the catalytic activity of NiAl-HT during the recycling

process.
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Fig. 1 Schematic diagram of preparation of FOL by transfer
hydrogenation of FAL catalyzed by Ni-based catalyst
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Fig.2 Reaction device of FAL catalytic transfer hydrogenation
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Fig. 3 XRD patterns of nickel-based nanocatalyst precursors (a)
and nickel-based nanocatalysts (b)
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Fig. 4 N, adsorption-desorption isotherms of NiAl-HT (a).
NiAlI-CP (b) and NiAl-IMP (c)
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Table 1 BET data of nickel-based nanocatalysts
HEAETH WFEREM/(n'/g) LA (emYg)  FHFLEAM
NiAI-HT 234.8 0.63 10.65
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Fig. 5 TEM images of NiAI-HT (a), NiAl-CP (b), NiAl-
IMP (c) (inner illustration is particle size distribution
diagram), HRTEM image of NiAl-HT (d)
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Fig. 6 H,-TPR isotherms of three kinds of nickel-based

nanocatalysts
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Fig. 7 XPS spectra of three kinds of nickel-based nanocatalysts
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Fig. 8 NH;-TPR isotherms of three kinds of nickel-based
nanocatalysts
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Table 2 Content of acid in different catalysts

. ﬁ?ﬁ/(mmol NHs/g) B/
P b (mmol NHyg)
NiAl-HT 4.8 2.2 7.0
NiAl-CP 1.4 3.9 53
NiAl-IMP 1.6 1.0 2.6
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