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Abstract Developing efficient Ni based hydrogenation catalysts to achieve the directional synthesis of
1,4-butanediol from 1,4-butynediol hydrogenation is the keypoint to building a high value extension industrial

chain for coal based primary chemicals. Aiming at solving the problems of Raney Ni catalyst widely used at
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present, such as lacking support, low activity specific surface area, and poor hydrogenation selectivity, a Ni/
AC catalyst with well-developed pore structure activated carbon (AC) as support was prepared in this work,
and the structure-activity relationship between catalyst structure and performance was discussed by combining
characterization methods. The results showed that with the increase of Ni loading, the active nickel species
exposed on the activated carbon surface increased at first and decreased later, and the hydrogenation activity
also show as volcanic distribution. The 25% Ni/AC catalyst loaded with 25% Ni had the highest selectivity of
1,4-butanediol, reaching 86.2%. At this time, the selectivity of 1,4-butenediol and 2-hydroxytetrahydrofuran,
the semi hydrogenation products, were 1.2% and 6.8%, respectively. Due to the highly dispersed active Ni
species in this sample, a large amount of active hydrogen is provided, which promotes the hydrogenation
reaction. Due to the long distance between Ni active centers and the low density of surface active H on catalysts
with low Ni loading, isomerization side reactions are prone to occur to generate 2-hydroxytetrahydrofuran. At
high Ni loading, the aggregation of Ni species results in the decrease of hydrogenation activity.

Keywords nickel; activated carbon; 1,4-butynediol; 1,4-butanediol; hydrogenation
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Fig.2 Raman spectra of catalysts with different Ni loading
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Table 1 Textural properties and Ni grain size of catalysts

AL 77 PR E S (%) MIERER (m®-g ') L (em’-g ") FHFLE (nm) Ni #ikL RS (nm)
15Ni/AC 14.8 753 0.39 2.5 6.3
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Fig. 4 XRD patterns and XPS spectra of catalysts Ni/AC
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Fig.5 TEM images and particle size distributions of catalysts with different Ni loading
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Fig. 6 H,-TPD profiles of catalysts with different Ni loading
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Table 2 Results of catalyst performance evaluation

PR R (%)

1,4- T B~ ieqt

e % (%) TSR aTHER osma e G0 R st
15Ni/AC 100 65.1 13.7 16.1 2.6 0.5 2.0
20Ni/AC 100 68.9 6.9 18.5 3.1 0.8 1.8
25Ni/AC 100 86.2 1.2 6.8 34 0.9 1.5
30Ni/AC 100 79.7 5.0 9.0 42 0.5 1.6
35Ni/AC 100 78.7 6.2 9.3 34 0.8 1.6

SRS FA: AR 1 g: 30 mL () H,0: 162 g 9 BYD: H{3E% 800 rrmin '+ SIS 2 MPa: JBRE 60 °C: UMLK pH=9



90 £

Hi VN 2023 4F

£ 6.9%, 2-FFPUEMRET 2 18.5%. 5 15Ni/
AC 4L 20NI/AC fEALFIFEEL, 25NI/AC 1
N =Pk B R A T8R4, BDO ik
Bk KA, N 86.2%, 1,4- 1) 5 2-%
FEDY AR L I PE R 1.2%. 6.8%. 5
25Ni/AC fEALFIAHEL, 7E 30Ni/AC fEALF L,
BDO HE#MA R R, 1,4-T/H s 2-F2 48
VUK IR e B M3 . 7F 35N/AC fEALFI L,
BDO [k #E1E FREZE 78.7%, 1,4- 1 fFE5 2-
2 5 Y SR IR R 2 IS 2 6.2% 9.3%.
UTAESR, BN U S e N L AL
FIWF T T RETAE, IWFE 3 HFH R 7
GESRAT LRI, R T N4 R, Ni fi
WEN 18% MR Ni-ALO, f#4LFFI#E 110 °C
RMRES 5 MPa &S K71 F, BDO WE A
85.16%; TEAHMAMI R BLZ&ME T, LA 1,4-T M5 —BE
NWIEEIERL, DM Raney Ni #4771 F ¥ BDO
W% 61.88%. LI, 25Ni/AC fELFITE
60 °C N5 2 MPa AL /1 F, BDO W%
ISR 86.2%, JHA —E KBk,

SEE NI FIRE S IR AE, 25NI/AC [1) BDO
bR 8 d T = 1PN I - N TR o AR DA 7S 4
AW ELS 115 pmol-g ', KEIREANE
FELRIE T INEUR BRI EAT o ARSI =4
LA-TI6 IR R N, W 1L,4- T B4
WUEEAL B TR 4-3 3 TR, R4 TN R
A B AR ST 255 R DY PR R 1 2 R Y B
bt = 1 — A, Ni R R SR AR,

30Ni/AC 5 35Ni/AC A7) B B &40 0
80 umol-g '\ 68 umol-g ', MEALFINEIEMETF
%, BDO IFEMEA FrfEIL. 5 15Ni/AC. 20N¥/
AC EALFIFIEL, 30Ni/AC. 35NI/AC HEALFIHIEA
It B ERARELAIK, 1H BDO K FMEA R E . &5
HAHSSCHER, HET 1,4- T 0 R R B AR
IR Ni 5 BB ARG . HT A SOk
TRT C=C W E MR, INAESE
M, WRBE) H, PTUAMRESCA HY H B H 2%
WEPEH M, C=C #ERAENE H EH T
AR o-frdE gk, JE AR RRE T R B-H T R
(AR , TR, 52N, 4 o-ki
S AR 57 BIUAH AR 48 A A IR B s | it
W, WAERIE ™. FEAT/ET, 4 Ni fit
BCERACH, Ni 2IEBOIRE, HAHSE Ni i
P By PR, BIVEYE H MR, 5T
TERCEANIEE H 08, W21 52477 24
PEm Ni IR ER, Ni v ER N, 3%
P H YR EESE N, TR o-Jon ik o ) 44 52 2|
FHAL G B AL A IR B SR H ks, RN
74 BDO.

4 & i

AICHEFL T ANE Ni FEER Ni/AC AL
) BYD InEMERE, KIL Ni gk &4k 550
S A BORRE I . RN 25% 1 25N/
AC LTI BDO Mk m, & 86.2%,

®3 XEPHREELTIMEREITNER

Table 3 Results of catalyst performance evaluation reported in literature
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