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High efficient catalysis for hydrogenation of 1,4-butynediol
to 1,4-butanediol via Raney nickel
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Abstract: Nickel-aluminum alloys with different Ni,Al; mass fractions were prepared by controlling the
heating current. Two kinds of granular Raney nickel catalysts were then synthesized, respectively, by
pre-etching and two-step etching of the nickel-aluminum alloy with high Ni,Al; mass fraction, and were
characterized by ICP, BET, XRD, XPS and SEM, and then were used for hydrogenation of 1,4-butynediol
(BYD) to 1,4-butanediol (BDO). The results showed that under the conditions of temperature of 140 °C,
pressure of 5 MPa and reaction time of 1.0 h, the catalyst obtained by two-step etching achieved a BYD
conversion rate of 100% and a BDO yield of 92.0%, while it took 3.0 h for the pre-etching catalyst to obtain
the same BDO yield. Compared with that obtained by pre-etching method, the catalyst obtained by two-step
etching method exhibited larger specific surface area (12.83 m?/g), more obvious surface microstructure,
more abundant defective active sites, with the mass fraction of Ni reaching 63.36%. In addition, the
increased dispersion of metal Ni, the complete disappearance of metal Al and the increase of Al and Ni
oxides all made the skeleton structure of the catalyst surface more stable, which significantly improved its
catalytic activity.
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Fig.2 XRD patterns of A-100, A-250, A-400 samples
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Table 1 Effect of current on crystalline phase of nickel-aluminum
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Fig. 3 Performance test of powder catalysts
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Table 2  Effect of catalyst R-1 and R-2 on BYD hydrogenation

Y%
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R-1 0.5 96 233 53.8 15.1 2.1 0.05
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Fig. 4 XRD patterns of catalyst bulk alloy
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Table 4 Particle size of catalyst bulk alloy
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Fig. 5 XRD patterns of catalyst surface elements
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Table 5 Particle size of catalyst surface alloy
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Table 6 Specific surface area, pore volume and pore size
of catalysts

Y ki ]RF /mm bt R A/ (m?g)  FLIERBY (em’/g) L% /mm
NiAly NiAl; Al R-1 8.37 0.013 4.56
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R-2 56 73 —
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R-1 A& AT S R AR R, AR AR A BT
AR, T R-2 BUN AN, db A R EOH
RN Hodr, AR BE R A NIAL e -k Zi ik
Jo AT TR BB S, BRI G A A R R A
NiALRT STt A e W] BT s T AL BT S 58
2 R-2 W Ni AT ST E & 59 H 580z, RUIH
FETE AR T A B 55 S A 25K ) B N, TR TE AR T
Z el dE i Ni, 3P Ni A A 2 05 e,
TE B A A 700 6 1 T i o EAh, R-2 H NipAly, NiAl,
T I AR 13 S0 R Gz, A & 4 AH 43 B0 AR A5 T 4
mrbL A 7N

M2 S A, R-2 FEEMT NiAl fioki )
4 56 nm, NiAlLy i )24 73 nm, H R-1 71 NiAly
SERIRSE (71 nm ) A1 NiAL SRR SE (77 nm) #°8
— BN

FLAE b R-1 B g 38k, HL Fb 2 AU R-1 /9 8.37 m?/g

WA 12.83 m¥g, REY 53%. FLIRFURIFLAZ 25

7 0.021 em’/g Fi1 5.23 nm, &0 YR 2 ol st A o A

feF e = A T 2 FLE5 M, JF Hizad B vl fefk

B R AES A, SRR ZALUBAR 22,
PEALFR LA S A il 7 P o

dV/dD/[cm?/(g-nm)]

R-2
’}L R-1
0 5 10 15 20 25 30
fLA%/nm

K7 AR R fLAR o A

Fig. 7 Pore size distribution of catalysts
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Table 7 Mass fraction of catalyst elements

o5 %
it m(Ni) : m(Al)
Ni Al
R-1 62.27 37.73 1.65: 1
R-2 63.36 36.64 173 : 1

M 7 ATLAEH, R-1 Al R-2 EEILEE Ni
FLAL, b Ni FEGREEEN, Al F2EE S
BEYPE R, R-1 F Ni YRR E0CH 62.27%, Al
B RSB0 37.73%, R-2 th Ni BB 50h
63.36%, Al iR 00 36.64%. R-2 H Al [
OB R-1 G, 2 R R 20 i B v Ak R 2R
A Al R0, & A= )2 W 2A1+2H,0+20H —2A10,+3H,,
i Al % T ORI AER . SR #2 f
m(Ni) : m(A)RA T8 B2, m(Ni) © m(Al)
MO1.65: 1R 173 : 1, 5T 4.85%, SHW
Z Ni ZEEEMEALRI R, ik RA T m i =
.

2.2.6 ARALH A & oA

R T IRGE R 20 oGt e A R0 2 1T S A S
XF R-1 Fl R-2 #4177 SEM Ui, Z5R WK 8, *tii
# EDX RERE LI 9.

a, b—R-1; ¢. d—R-2
K8 R-1 A1 R-2 ARIBAAEELH) SEM [£]
SEM images of R-1 and R-2 with different
magnifications

Fig. 8
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K9 R-1f1R-2 i) SEM-EDX fgit &l
Fig. 9 SEM-EDX images of R-1 and R-2
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177 XPS FAE, 45 WA 10,

ME 10 BT LLE H, R-1 H1 R-2 #EAL T 6 w447
fE Ni il Al & @& A, A - B2
So B, @i 10a A%, R-2 kR4 R A
F) Al B2 aid e, AS Al BR800 i
K, XERAFZ Al 50N G, FEE I AL B4
() F= 25 5 FEAEAL R R TP L ALO; A5 E AT 12
AR, ALO, &Hi R e BRI B igEd m, oh
ALO; XTER A B AEH , HAFFEREE Atk an, il
Ni BN, 255 0 0 e ba , 38 fi 1k 700
Hun Y I L ALO; R B0 75 e BN 2 i e
MELLBEZE , TR AR E AT P B R Y. &8 Ni
(A Jo A B IS A K, I L R-2 AR Ni 3p 45
GHEN 68.20 eV, I R-11i#4k7] (66.65eV) ik,
XA, R Z U AR R-2 ThiE 48 Ni
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Fig. 10 XPS spectra of Al 2p and Ni 3p (a) as well as Ni
2p (b) of R-1 and R-2
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