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Preparation of Nickel Phosphide and Its Catalytic Hydrogenation of
Furfural to Cyclopentanone
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Abstract: Nickel phosphide (Ni-P) catalyst was prepared by a solvothermal method using ethylene glycol
as solvent, NiCl,-6H,0 and NaH,PO,-H,O as nickel source and phosphorous source respectively, where the
molar ratio of phosphorus to nickel was 3 : 1. The sample was characterized by XRD, SEM, TEM, H,-TPR,
H,-TPD, N, adsorption-desorption and XPS. The effects of dosage of catalyst, hydrogen pressure, reaction
temperature and reaction time on the hydrogenation of furfural to cyclopentanone were evaluated. The
results showed that the optimal process conditions were: water as solvent, mass ratio of raw material to
catalyst 12, reaction temperature 150 °C, hydrogen pressure 2.0 MPa and reaction time 4 h. Under these
conditions, the conversion of furfural and the yield of cyclopentanone reached 98.87% and 68.65%,
respectively. In addition, the stability test of Ni-P was carried out. It was found that there was no obvious
decrease in the catalytic activity of the reused catalyst even after being recycled four times. The yield of
cyclopentanone decreased by only 3.25%.
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Fig. 1 Effect of Ni-P catalyst with different molar ratios of

phosphorus to nickel on the synthesis of
cyclopentanone from furfural
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Fig. 2 XRD images of Ni-P catalysts with different molar
ratios of phosphorus to nickel
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Fig. 3 SEM images of Ni-P catalysts with different molar ratios of phosphorus to nickel
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Fig. 4 TEM images of Ni-P catalyst at different magnifications
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Fig. 5 N, adsorption and desorption of Ni-P catalysts with
different molar ratios of phosphorus to nickel
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Fig. 7 H,-TPD graph of Ni-P catalyst
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Fig. 8 XPS spectra of Ni-P catalyst
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Fig. 10 Effect of hydrogen pressure on the synthesis of
cyclopentanone from furfural
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Fig. 11  Effect of reaction temperature on the synthesis of

cyclopentanone from furfural
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Table 2  Properties of the fresh and reused Ni-P catalyst

fEAEF b 2 1w AL/(m?/g) LA /(mPg)  fLAR/mm
{5 AT 20.542 0.1403 16.05
fEH 5 WA 11.566 0.0564 19.50
3 %t

KRN R A5 2 Ni-P AR 70 %o e
I 5 A S A R AR kTS P, i XRD .
SEM. TEM. H,-TPR. H,-TPD. N, Wz fft-Jiiff . XPS
STAEAL I HEAT T R AE, Ni-P i AL 7 FURL B A2 N
80~90 nm, MAFLEEHY, A BB AMERAL; Mk
BTG AT R 350 °C, Ak FAL G e Iy THR A Ik
il & Ni-P 1L A 15 AL IR

R 0 & ) 28 P NG 9 e R T2 46k oK
YEREH, RS aEb R BT at b 12, 78RN
150 °C. Je Wik 1 2.0 MPa., 3 600 r/min 151
RV 4 h, BEEEFEALER A 98.87%, HLEINCR K
68.65%, XEALFIIEATARE ML, 4 REE M
Z R IR MCRABE IR B 65.40%,. HARAIK Ni-P
AL A B G v, (R A5 1 DL fLIE AN
R e e B E MR, nTRGE R (3R
b7 = K X N3 o 1 IO 2 3 B I o i

SZ 3k

[11  Liu S JXIit:4H), Wang Y(F E). The exploration of the synthesis of
cyclopentanone under microwave[J]. Jilin Normal University Journal
( Natural Science Edition) (75 ARITTE K2f224k: HRBI2ER), 2016,
37(2): 97-99.

[2]  Sui C, Lu G, Li X Y. Selective oxidation of cyclopentene catalyzed
by Pd(CH3;COO),-NPMoV under oxygen atmosphere[J]. Reaction
Kinetics & Catalysis Letters, 2008, 94(2): 191-198.

[31 Duan Y, Song J, Yin B, et al. Oxidation of cyclopentene to
cyclopentanone catalyzed by PdCl,-CuCl, system[J]. Petrochemical
Technology, 2011, 40(3): 289-294.

[4] Chen Kang (MEE), Zhao Dongjiang (EXZ:7T), Yang Bin (#%#),
et al .Study on the synthesis of new acaricidal myzus mites[J]. Fine
Chemical Intermediates (f 44k T.H[a]{4), 2010, 40(3): 18-20.

[5]  Hronec M, Fulajtarova K. Selective transformation of furfural to
cyclopentanone[J]. Catalysis Communications, 2012, 24(26): 100-104.

[6] Diao Chunxia (-1%#), Xu Zehui (RFH%). Study on production
process of cyclopentanone[J]. Petrochemical Technology &
Economy (f17lifk T4 AR 54:3F), 2011, 27(5): 52-56.

[7] Lin N, Santoro F, Zhao X, et al. Vibronically resolved electronic
circular dichroism spectra of (R)-(+)-3-methylcyclopentanone: a
theoretical study[J]. Journal of Physical Chemistry A, 2008, 112(48):
12401-12411.

[8]  Zhang Zhennan (54 ). Study on the hydrogenation rearrangement
of furfural and furfuryl alcohol to synthesize cyclopentanone[D].
Dalian: Dalian Maritime University (JC# 55 K2#), 2016.

[91  Hronec M, Fulajtarova K, Vavra I, et al. Carbon supported Pd-Cu
catalysts for highly selective rearrangement of furfural to
cyclopentanone[J]. Applied Catalysis B Environmental, 2016, 181:
210-219.

[10] FangR, Liu H, Luque R, ef al. Efficient and selective hydrogenation
of biomass-derived furfural to cyclopentanone using Ru catalysts[J].

(1]

[12]

[13]

[14]

[13]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

[28]

Green Chemistry, 2015, 17(8): 4183-4188.

Guo J, Xu G, Han Z, et al. Selective conversion of furfural to
cyclopentanone with CuZnAl catalysts[J]. Acs Sustainable Chem
Eng, 2014, 2(10): 2259-2266.

Li Mengjie (Z=#i/R), Zhao Huiji (#44:7), Ding Ning (TT), et
al. Selective hydrogenation of furfural to synthesize cyclopentanone
and cyclopentanol over raney copper catalyst [J]. Fine Chemicals (4
4ifkT), 2015, 32(1): 116-120.

Li Yuna (ZEEWK), Liu Zili (X F7), Zuo Jianliang (LK), ef al.
Preparation of Ni-Cu-B amorphous alloy catalysts and their catalytic
hydrogenation of furfural to cyclopentanone [J]. Journal of Chemical
Engineering of Chinese Universities (B fb2E TRE2#4R), 2017,
31(1): 74-82.

Ma Jie (th7%). Study on preparation and hydrogenation of novel
nickel phosphide catalyst[D]. Zhengzhou: Zhengzhou University (5§
K2, 2016.

Guan Q, Li W, Zhang M, et al. Alternative synthesis of bulk and
supported nickel phosphide from the thermal decomposition of
hypophosphites[J]. Journal of Catalysis, 2009, 263(1): 1-3.

Krishnan K H, John S, Srinivasan K N, ef al. An overall aspect of
electroless Ni-P depositions-A review article[J]. Metallurgical &
Materials Transactions A, 2006, 37(6): 1917-1926.

Li Zhenyu (Z=4HJ). Study on the preparation characterization and
hydrodeoxygenation performance of supported nickel phophide
(Ni,P) catalysts[D]. Qingdao: Qingdao University of Science &
Technology (7 & HH5 K2), 2016.

Sawhill S J, Layman K A, Wyk D R V, et al. Thiophene
hydrodesulfurization over nickel phosphide catalysts: effect of the
precursor composition and support[J]. Journal of Catalysis, 2005,
231(2): 300-313.

Xu Yanli (4#ENN), Wang Xitao (E A7 ). Dehydrogenation of
isobutane to isobutene over nickel phosphide catalyst in the presence
of hydrogen[J]. Chemical Industry and Engineering (fb2% V5T
i), 2016, 33(2):17-22.

Liu Jun(X2), Wang Liangliang (F5%%%), Fei Zhaoyang (3%JK FH),
et al. Structure and properties of amorphous CeO, @ TiO, catalyst
and its performance in the selective catalytic reduction of NO with
NH;[J]. Journal of Fuel Chemistry and Technology (KXEME22274R),
2016, 44(8): 954-960.

Yu Qi (T), Song Hua (4E), Song Hualin (RIEHK), et al. Effect
of reduction temperature on the performance of Ni;P /Ti-MCM-41
catalyst in hydrodesulfurization[J]. Journal of Fuel Chemistry and
Technology (BAEMEA%2741k), 2016, 44(8): 970-976.

Cecilia J A, Jiménez-Morales I, Infantes-Molina A, et al. Influence of
the silica support on the activity of Ni and Ni,P based catalysts in the
hydrodechlorination of chlorobenzene. Study of factors governing
catalyst deactivation[J]. Journal of Molecular Catalysis A Chemical,
2013, 368/369(1): 78-87.

Song H, Dai M, Guo Y T, et al. Preparation of composite
TiO,-Al O3, supported nickel phosphide hydrotreating catalysts and
catalytic activity for hydrodesulfurization of dibenzothiophene[J].
Fuel Processing Technology, 2012, 96(3): 228-236.

Wang Y, Sang S, Zhu W, et al. CuNi@C catalysts with high activity
derived from metal-organic frameworks precursor for conversion of
furfural to cyclopentanone[J]. Chemical Engineering Journal, 2016,
299: 104-111.

Liu L, Lou H, Chen M. Selective hydrogenation of furfural to
tetrahydrofurfuryl alcohol over Ni/CNTs and bimetallic Cu, Ni/CNTs
catalysts [J]. International Journal of Hydrogen Energy, 2016, 41(33):
14721-14731.

Nadgeri J M, Biradar N S, Patil P B, et al. Control of competing
hydrogenation of phenylhydroxylamine to aniline in a single-step
hydrogenation of nitrobenzene to p-aminophenol[J]. Industrial &
Engineering Chemistry Research, 2011, 50(9): 5478-5484.

Zhou M, Zhu H, Lei N, et al. Catalytic hydroprocessing of furfural to
cyclopentanol over Ni/CNTs catalysts: model reaction for upgrading
of bio-oil[J]. Catalysis Letters, 2014, 144(2): 235-241.

Cueto J, Faba L, Diaz E, et al. Cyclopentanone as an alternative
linking reactant for heterogenecously catalyzed furfural aldol
condensation[J]. Chemcatchem, 2017, 9(10): 1765-1770.



