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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 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-butanediol 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.
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Fig.1 Hydrogenation network of 1,4-butynediol
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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

Ni

. Ni Grain
Catalysts loading/wt ~ Atota/m?-g’! Viem?3-g! D/nm ,
Size/nm
%
15NV/AC 14.8 753 0.39 2.5 6.3
20Ni/AC 19.0 664 0.35 2.5 9.5
25Ni/AC 24.9 659 0.36 2.6 12.1
30NiI/AC 29.9 509 0.28 2.6 14.4
35NV/AC 36.4 397 0.23 2.9 18.6
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Fig.3 N adsorption desorption isotherms of catalysts with different Ni loading.
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Fig. 4 (a) XRD patterns of catalysts with different Ni loading and (b) XPS spectra of 25Ni/AC
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Fig.5 TEM images of catalysts with different Ni loading (al-a2) 15Ni/AC, (b1-b2) 20Ni/AC, (c1-c2)
25Ni/AC, (d1-d2) 30Ni/AC, (el-€2) 35Ni/AC.
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Fig. 6 H,-TPD profiles of catalysts with different Ni loading.
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(3G, I PR TR AR RIS K RN S, R R FR I Ni TR SR K SE N . T8
I} Wt BRI TR ARAR 43, B T SRR ) Ho B &, 15NI/AC. 20NI/AC. 25Ni/AC. 30Ni/AC.
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Table 2 Results of catalyst performance evaluation

FENIRPENE %

L= T = 2-(4-F2
AR BERAE 14T 14T 2-FR3E ETE FHT Tl
1% —E R S BN

R
15NI/AC 100 65.1 13.7 16.1 2.6 05 2
20NI/AC 100 68.9 6.9 18.5 3.1 08 1.8
25NI/AC 100 86.2 12 6.8 3.4 0.9 15
30NI/AC 100 79.7 5 9 42 05 1.6
35NI/AC 100 78.7 6.2 93 3.4 08 1.6

SRS AT E 1 g 30mL f H,0; 16.2 g 1 BYD; #E#E3# E 800 t/min; MK /7 2 MPa; &
PIEE: 60 °C 3 [ pH=9.
23 SCHR P ROE I A TR M RE VT 25 R

Table 3 Results of catalyst performance evaluation reported in literature

\ BDO  BDO
; e |EE RN whE B 5%
| p | %

L R H&/% /°C  /MPa /h /% @iiﬁ Mf/z SCiR
0 ST
Cu/Raney-Ni 35%17}3%? 1.4 120 5 3 100 61.88  61.88  [l1]
—BF
0 ST
18%Ni-AlLOs 35;;%%?% 110 5 39075 9384 8516  [22]
—AF

2 9 NVAC I BYD ISP 45 8. nTLAE H, FrafiEfksfl - BYD 4=k,
HP=Pri FPEARR . 15NVAC fE1L7) E, BDO &M R 65.1%, FINEY 1,4- T S
PR A5 RE 2-F2 FE DU e VR 2 N 13.7% 5 16.1%, HA /DRI T . 46 M oAb &)
). 1 Ni EEE 20%Ff, BDO EFMIRE A E, A5 68.9%, 1,4-T 4 —E /D
F 6.9%, 2-FRIEPUEIRIETTZE 18.5%. 25NI/AC MEALFI =Mk #e ik K& A4 7 8 k28 4k, BDO
WP IR KA 86.2%, 1,4- T M W5 2-F2 3L PUAMRIRE B B % 2 1.2% 5 6.8%. 4k
Tt Ni EE, BDO IEFMEART N, 1,4-T M g5 2-F% 5 DU S0k e e 2V 389
35Ni/AC I BDO iEHME NFE R 78.7%, 1,4- T M “lES 2-F2 H DU SRR ik £ 7 ol 14 hn 22
6.2%%5 9.3%. MR, ZLICRAEN 12 2F S e RE Ni LRI AU T KE TAE, MK 3
HBH BB AR ST SR AT LR B, AEREL Tk S B A R, Ni SR BN 18% I A 35 7Y
Ni-ALOs fEALFIFE 120°CIR PR 5 MPa & A E /1, BDO YR AT LA F] 85.16%; {EAH
AR LA TR, B L4- T —BE R WIE R, 2OV Raney-Ni #4655 = BDO ficZ
61.88%. LA, 25NI/AC fEALFITE 60 °C/ iR 5 2 MPa &S %K /1N, BDO YR ATIA
F) 86.2%, BA—EMREkE.

SEO WAL FRE S RAE, 25NVAC 1) BDO e # i, HEHE TR KKERREE, H
AW LR 114 pmol g, KEIFHEEMAEELRIE T ISR BT . FRLR RS~
LA- T/ “EERBE R, 1 14- T A C=C XU B R LR 4-2 I TR, R4
TN REEAR G A U 2- 3L DU SR IR & AR T B B A M — 3, Ni #F e
R, 30NI/AC 5 35NVAC AL & 53719 80 pmol-g 'y 67 pmol-g!, f#EALFFIINE



WEPE R, BDO ERMEA FTFEAK. (HULBFES, 51K Ni SRR AH b, RS =
FA%, H BDO k£ A 15NI/AC 5 20NI/AC H 5. f5& Ik, H#EM 1,4- T 1 i 5
Fa B B = 07 A P DR DR R T NG R 23 0% o R SCRRROE 7 56T C=C XU IR &L 5744
ML, INRTESRRT, WK Hy vl Ag## 5 9 Hy HB HAE M H W%, C=C B 1E
BANEIE H /E N A2 No-e ik a4, J5 R AR aR IR B BIB-H W FR (RIS D,
TERSERIF= 2 L, a0 Fo-He 5 Hh ) 52 20 FH AT 48 A7 0 B R B s M | sk e, )
BENEF=YRY, R TAEF, K Ni AEER, Ni 2IH02 50 5CRES HARSE Ni i M At
MR, AR VS TE H M AR, 2 TR H 2Fh, M43 2545~
Yos TR Ni B A EEET, NidEPE OB, WP H RS N, TR o-kedk
[ 52 2 AH A0 4 Ja A A BB s 2 ] 3, /5 RIn& =4 BDO.

4 Z

WFFC T ANE Ni Fuak & 10 Ni/AC LTI BYD Jn& e, AIL Ni gk AL 77 n
SRR K . R 25%09 25Ni/AC AL 7] BDO it M & s, 15 86.2%, It
I 1,4- T M Z i 2- 2 L DU AR B L 70 N 1.2% 5 6.8%. PR T3 4% it v i 23 15 HL
B TE N A, BRI T OREIE TR, R TN B BT . IR AEE I 15NI/AC
5 20NI/AC, FRILH w0 2- B2 FE USRIk #2120 a2 16.1% 5 18.5%, I ReJR K {E
T o B H AR BRI I N R AL AR FEATEE H M, Rk T 14- T Sl R
RL)RAE . mfEE R BDO @81 N, HT &8 NI MR RERK K. v, s
Ni & BT 5o S H AR BE S BGE i, %]+ BYD In&lh BDO, #5449 55 &1l
RLERAE o AR TAEX TR S m e RE N & A7), SEBL BYD my £ 14% In&# BDO, Jf
AR BDO 7= Al AR (=S5, B mE SN .
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