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Effects of the preparation solvent on structure and catalytic properties of
NiCoB amorphous alloy catalysts for hydrogenation of furfural
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Abstract: A series of NiCoB amorphous alloy catalysts were prepared by chemical reduction method in different
single and mixed solvent systems and their performance for liquid phase hydrogenation of furfural ( FUR) was
evaluated. The catalysts were also characterized by N, adsorption-desorption ICP FE-SEM HRTEM XRD
and XPS. The results showed that the surface tension viscosity polarity and solubility parameter of preparation
solvent had important effects on the composition morphology structure and the catalytic properties of FUR
hydrogenation of the NiCoB amorphous alloy catalyst. The NiCoB-MEG catalyst prepared by the mixed solvent
of methanol/ethylene glycol ( MEG volume ratio of 1:1) showed the optimum liquid phase hydrogenation
performance of FUR to furfuryl alcohol ( FA) with a FUR conversion of 96.4% and a FA selectivity of 83.49%.
It can be due to the improvement of dispersion and reduction of metallic components by the synergistic effect
between methanol and ethylene glycol.
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) . ©5.0 mL (99% Ry Co Ni
Aladdin) 25.0 mL 0.25¢ mmoleh™ .m-z) L 3h
(100 = 2.0) C po( H)) 3.0 MPa 200 r/min o
800 r/min. N, GC 9900 (
H, H, ) o :
3.0 MPa. 200 r/min FFAP( 30 m 0.25 mm
0.25 pm) (FID) ;
800 r/min o 30 min 60 °C 230 C 10 °C /min
250 C 230 C»
Ry( Co Ni o
mmol*h™"*g}') o
1 n
Table 1 Physical parameters of different solvent
Surface tension Viscosity u/( mPacs) ) Solubility parameter
Solvent Polarity
/(mNem™) (20°C) (20C) /(cal* em™?)
Water (W) 72.8 1.01 10.2 23.4
Methanol ( M) 2.6 0.60 6.6 14.5
Ethanol ( E) 22.3 1.18 43 12.9
Ethylene glycol ( EG) 46.5 20.93 6.9 16.3
Polyethylene glycol ( PEG) 57.1 72.80° = =
iso-Propanol ( isoP) 21.7 2.43 43 11.5
n—Propanol ( nP) 23.8 2.26 4.0 11.9
*: detected by NDJ-8S rotational viscometer at 25 °C; ": not provided
1.3 Al Ka X C 1s(
OPTIM A 8000 284.6 eV) o
(1CP PerkinElmer )
) ( 5mL) / 21
(30% 1mL) 145°C  2h. 5 NiCoB
BET (Aper) (vp) ~ (dp) . >
BJH N, - o
ASIQMO0002-2 NiCoB-EG
( Quantachrome ) (16.4m’/g) (0.093 cm®/g)
80°C  6ho X (22.8 nm) .
pert Pro MPD X ( XRD : NiCoB-EG <NiCoB-
) Cu Ke (A= 0.154 18 nm) W <NiCoB-M < NiCoB-E < NiCoB-P < NiCoB-isoP <
40 kV 40 mA 5°-80° NiCoB-PEG .
0.02°/ & S— . NiCoB-
4800 ( FE-SEM Hitachi PEG B Co
) 2.0 kV 9.8 pA. NiCoB-EG NiCoB-E
( SAED) .
JEM 2100F ( HRTEM N N N
JEOL ) 200kV.
ESCALAB 250Xi X N
( XPS Thermo Fisher Scientific ) . .
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Table 2 Textural parameters and composition of NiCoB catalysts prepared from different single solvent
1 s Bulk comp. Surface comp.
Catalyst Al(mPeg ) I(em’eg” d/

- (weed) vl - W% W /%"
NiCoB-W 23.8 0.131 22.1 Niy 4 Coas, B33 NigoCop3B3s
NiCoB-M 26.2 0.136 20.8 Niy gC03u B3, Nigy9Co136Bss
NiCoB-E 51.0 0.175 13.7 Niy6Co353B3s, Nig9Coy3B55
NiCoB-EG 16.4 0.093 22.8 Nizy,Co5 4By Niy9Coyg,B5,

NiCoB-PEG 203.0 0.377 7.4 Niyg 1 CososBy Nis; 1 Cos90B3,
NICOB—LSUP 152.9 0362 9.5 Nizﬁ_9C035_7B37_4 Ni63_7C032_3B3_5
NiCoB-nP 85.3 0.249 11.7 Niy5Co361 B3 Nigy5Co0319B34
“ detected by ICP; ": detected by XPS
3 NiCoB
Table 3 Textural parameters of NiCoB catalysts
prepared from different mixed solvent
Catalyst Al(m?eg™) v /(em’+g™) d/nm
NiCoB-MW 13.5 0.093 21.5 NiCoB-MEG
NiCoB-EW 15.0 0.074 19.8 °
NiCoBEGW 14.9 0.068 18.3 1 NiCoB
NiCoB-ME 20.1 0.084 16.7 N, — BJH . N,
NiCoB-MEG 19.2 0.098 20.4 H1
NiCoBEEG 12.6 0.056 17.8
NiCoB-MEEG 13.3 0.062 18.8
NiCoB-MEEGW 14.2 0.062 17.3 N, B
o BJH
3 NiCoB-MEG
NiCoB-M  NiCoB-EG 3.8 nm
58 nm
(2
250 , 10 :
(a) —=— --o---NiCoB-W F (b) —=—NiCoB-W
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Figure 1 N, adsorption-desorption isotherms ( a) and BJH pore size distribution ( b)
of NiCoB catalysts prepared from different single solvent
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Figure 2 XRD patterns of NiCoB catalysts prepared NiCoBEG B ( 2) o
from different single solvent and the SAED B,0,
picture of NiCoB-E catalyst 20= 24.7° 45°
a: NiCoB-W; b: NiCoB-M; c¢: NiCoB-E; d: NiCoB-EG; ’
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\ ( 1)
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.
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Figure 3 XRD patterns of NiCoB catalysts .
prepared from different mixed solvent 4 NiCoB
a: NiCoB-MW; b: NiCoB-EW; c¢: NiCoB-EGW;
d: NiCoB-ME; e: NiCoB-MEG; f: NiCoB-EEG; . .
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2
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4 NiCoB FE-SEM
Figure 4 FE-SEM images of fresh NiCoB catalysts prepared from different single solvent
(a): NiCoB-W; (b): NiCoB-M; (c): NiCoB-E; (d): NiCoBEG; (e): NiCoBPEG; (f): NiCoB-soP; (g): NiCoB-nP
24 o BH,
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Figure 5 XPS spectra of fresh NiCoB catalysts prepared from different single solvent
a: NiCoB-W; b: NiCoB-M; c¢: NiCoB-; d: NiCoBEG; e: NiCoBPEG; f: NiCoB-soP; g: NiCoB-=nP
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. Liu ( 5. 5
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Table 4 Hydrogenation results of furfural over the NiCoB catalysts prepared from different single solvent’
Catalyst A Ri K Hro s 1%
/MPa (mmol+h™ g, ") (mmol+h™*m™) /mol% 2MF THFA  FA
NiCoB-W 0.10 28.5 1.20 9.6 028 17.37 82.34
NiCoB-M 0.32 91.1 3.48 98.6 032 2329 7638
NiCoB-E 0.13 76.5 1.50 93.1 0.12 2220 77.68
NiCoBEG 0.27 75.7 4.62 92.2 033 1565 84.01
NiCoB-PEG 0.08 233 0.11 99.6 025 3346  66.29
NiCoB-isoP 0.05 14.3 0.09 99.2 032 25.62  74.06
NiCoB-nP 0.02 5.7 0.07 85.3 0.06 14.05 85.89

*: reaction conditions: furfural (5 mL) ethanol (25 mL) catalyst (0.25¢g) ¢= 100 C p(H,) = 3.0 MPa stirring rate =
800 r/min 3 h;

" the drop of H, pressure within the first 0.5 h reaction;

“1 2-MF: 2-methylfuran THFA: tetrahydrofurfuryl alcohol FA: furfuryl alcohol

5 NiCoB
Table 5 Hydrogenation results of furfural over the NiCoB catalysts prepared from different mixed solvent®
Catalyst A Hrun s 1%
/MPa /mol% 2-MF THFA FA

NiCoB-MW 0.28 93.6 0.23 19.59 80.18
NiCoB-EW 0.25 92.7 0.14 19.93 79.93
NiCoB-EGW 0.31 93.5 0.24 17.03 82.72
NiCoB-ME 0.32 97.0 0.25 21.81 77.93
NiCoB-MEG 0.43 96.4 0.16 16.34 83.49
NiCoB-EEG 0.50 99.5 0.98 26.82 72.20
NiCoB-MEEG 0.55 93.2 0.17 16.71 83.12
NiCoB-MEEGW 0.30 87.9 0.40 15.17 84.43

*: reaction conditions: furfural (5 mL) ethanol (25 mL) catalyst (0.25¢) ¢= 100 °C p(H,) = 3.0 MPa stirring rate =
800 r/min 3 h;

" the drop of H, pressure within the first 0.5 h reaction;

‘1 2-MF: 2-methylfuran THFA: tetrahydrofurfuryl alcohol FA: furfuryl alcohol

NiCoB ICP NiCoB-MEG
NiCoB-MEG Niyy;C0547B e 2 NiCoB-M  NiCoB-
ICP.FE-SEM .HRTEM . XPS EG Ni.Co B

6- 8. Ni/Co 1.0
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Figure 6 FE-SEM images of fresh NiCoB-MEG catalyst with different magnification times

7 NiCoB-MEG
Figure 7 HRTEM images and SAED picture of fresh NiCoB-MEG catalyst
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Figure 8 XPS spectra of fresh NiCoB-M (a) NiCoB-MEG (b) and NiCoB-EG ( c) catalysts
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