F33E P 1
2019 42 A

T
JOURNAL OF MOLECULAR CATALYSIS(CHINA) Feb. 2019

it Vol.33,No.1

XEHRS: 1001-3555(2019) 01-0083-07

Ni-M/SiO, 4 1,4-T R —EE M S B & B Bh 71 3 Mz

R, ERAT, B, THE, FhE, RAGE
CLIPE R fh2Ffb T2, RS Aifbsf 8 & TR S oL, IivE KR 030006)

FE. VLSO, B MR E , RASG AR BER & T Ni/Sio, KA 48 Bh A M 9 Ni-M/Sio,( M = Fe, Co,
Cu ) f#4E5, FIH ICP | BET, XRD, H,-TPR, H,-TPD %5 F-BXMEALFIHEAT T RAE, 58 T AT = 4 J8 X L)
G545 1,4- TR REI A ERE R, 25T, 55 & m 5 Ni YR B R R EE A X4 P R0y, b Cu
B RERS HE 5 Ni TE PR R A9 43 B0, 1 EL Ni-Cu X4 J& 18] A9 AR ELAE RIS T NiO 4 i (0 38 D i K LT
fRREST, A RITEM 1, 4-T e A il Ve s i P Ak, 76N IR 50 °C, 2R 1 MPa, JCEE] 3 h A&
TSR, 1SNISCw/SiO, HALFIAA AT DLSEER 1,4- T b 200 58 2564k, i HLRBAE A AR AR HE 73 25 il ™ 4 2-7%
HE DU SR 1 R, FLA SR A I S A 1, 4- T R SRR

SEHEIA. Ni SRR DUEJE ; PR RIRON ; 1,4- T A R

HhE 5 EKS: 0643.32 XHEkFRER: A

1,4-T B ZFE(1,4-butynediol, BYD) Jil & 7l 15
F) 1,4- T —F%(1,4-butenediol, BED) | 1,4-T —
£ (1,4-butanediol, BDO) , EAI¥EE LMW EIE
BUFASAAL Tk}, 78 R ERHT AR 148, B 2h
TR ARZY | 958U H RIAL T4 U T3z 1 B2
MR 1, 4T He R i &G AR Bk A R BED A
BDO 4, St B ikt BED A4k 9 y-5
FETHE(y-HALD) | 2-F83E DU Sk IR ( HTHF ) | 4
ERZ RN B ER T B AR BED
8¢ BDO MR, H 2 5 e DE ALY, 74 T &
e fhrp BRART P . ARSI & A B 4y
Mr, ik XHEIE IR . 254 U TR, (el
BYD i A%, B2 i & % 4k S8 BED 5§
BDO ;& HA PR E 58 TAE.

BYD fn&C kR A E L5 AP, wa)R
AL F) (PrJEFD Pd ) B 5 NI SR ) Wk
e Hor ) Ni FEAEAGR B T LR . S ARk
INEIE T, B R ) Tk N AT S, #)12 WH
FAEAL I E 40, Raney-Ni K Cu-Mo-Co 25 Bt PE 1Y
Raney-Ni L2412 Kk —28 BYD A&
B3], ZAALFIFEAR T 50 °C AR AR A R 1 4%
F BRI BYD 20 & L BDO ™). Chen
A0TSR ek AR Ab L) Raney-Ni-Si {4k 7 55

W EEA: 2018-11-09; fEEBHA: 2018-12-17.

VeBEMEA R BED. 74880 Ni S 41k 750 o gt i
F BYD WA R R, 41 BASF 2y &l 7E% U rh A FF
TLLALO;, SiO, %5 R 404 /Y 11 48 Ni #1657 T T
BYD Ml &. Campelo 25" il & T L AIPO,-Al, O,,
AIPO,-Si0,, C %5 MEk AR ny a8k Ni k), WX T
AL BYD & R (4 3l F1 2447 R X Bk
XA T AL O, Si0,, Z10, 3 F g 4 £ 4k
Ni fifk7) - BYD A tEfE, K5 A1,0, K 70,
HARMLL, P Sio, MEARR Ni L AFEAE Ni 5
WA B EAER . RARA N PFh, alpe A 5
Bt E SR, BRI ERILM BYD & tERE. -
R T Ni FEAEAE ) B 1 5 I AR T Ni
(gt , Bk T Raney-Ni F#AIIS 0% A4, R
V5 B 4 5 R () A B4R FH s T e Ak R 1 s i
PERE.

FEFARA Ni AL 3 S — 4 )8 Bl ee vk
18 B4 A AR R LA R TR) R Ry B 4 T A AL
(O HL TP B A 2B o, FEAE AT D) 2 4 e i LR
PERE . KW R W, M E SRR NG S
EFIFEIA Fe, Co, Cu %558 4 )@, W LAY Ni
PR HORES , P a8, SEmTR O H, R
W B v A R (R R ATy, e 2 i A A 50 76 AS 1
B, mCc=cCc,C=C, C=08mahRAEA

E&WB.: EXAEARRFES (21603127, 21503124, 21673132) ; LLPH4 EFRAS1ED H (201603D421025) ( The National Natural Science Founda-
tion of China(21603127, 21503124, 21673132) , The International Cooperative Project of Shanxi Province(201603D421025) ).

TEHE TN BFF (1992-), &, W54 (Zhao Fang (1992-) , Female, Master).

# JHIAEER N, E-mail: czwang@ sxu.edu.cn; E-mail; yxzhao@ sxu.edu.cn, 0351-7011587.



84 2 T g

o33 %

) AR TG P S e Rk 1O FRATT A T I IR A5 e
AE Ni/Si0, Jehili |, it 5] A% — 48 ( Fe, Co, Cu
5N AHARIC R ), AR50 — &8 51 A% Ni/sio, ™
A L4 T DM I ARONE , B AR 7 1 A Ak 7R 2 8 in
PERERZ MR, MR PEfE BYD Jin & p AL 70 A A 52
BRI S %

1 SEIGER 4

1.1 ENFIH &
1.1.1 SiO, EER il & SR AT I A1 2
i L FR AR Si0, B, B30 mL IE kMR
LERS—ERmOBE, BRRIRG A5 M8 Ih 7
o, BTRMET, EETMAIRRN O, %
Mk, DLN, B, i, BERE T
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Fig.1 N, adsorption-desorption isotherms (a) and pore size distributions (b) of calcined 15NiSM/SiO, catalysts
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Table 1 Metal composition, textural property and crystalline size of the catalysts

Metal content

NiO Metal
Ni/% M/% Suer Ve D, . .
Catalysts . s , crystalline crystalline
(weight (weight 7 (m™egm) /(o™ - g7) fm size/nm size/nm
percentage ) percentage )

15Ni/Si0, 15.3 0 722 1.2 6.7 3.9 4.4
15Ni5Cu/Si0, 14.8 4.2 615 0.8 5.4 3.7 4.0
15Ni5Fe/Si0, 14.6 4.8 613 0.8 5.0 4.8 3.5
15Ni5Co/Si0, 15.6 5.2 537 0.7 4.7 6.2 5.8

SEHFL 4% LA 15Ni/Si0, > 15Ni5Cu/Si0, > 15Ni5Fe/
Si0,> 15Ni5Co/SiO, [ i J7> 12 B fa #4, HEIIR &
IRAEIR T Si0, AR, i Si0, J5Ukr i HEB Oy =
AL, PSR T LRI SR 24

2.2 ELF XRD RIE
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Fig.2 XRD patterns of the calcined (a) and reduced (b) 15Ni5M/SiO, catalysts and the fine diffractions of reduced sample

22| 20= 37.2° 43.1°, 62.7°4b 7 J5AH NiO HOERAE
T (& 2a) , YR BBUTTIEZE Fe, Co & Cu
(AR DG | & I /D i (%) B3R DA TG 52 B 1 v 43 LA T
HAETE, KT XRD BUREMRR. XF Heids e — 4@ i
I5NiSM/SiO, 8 1k 71 1 5 4 & 15Ni/Si0, i 1t 7
XRD 3, 15NiSM/SiO, AL NiO & AH 9 177 5 1
SREEBIA AR EE A TR, RIS — 48 7 inGe
—ERREEUE T NiO PRl e sk i 1 A .
2b 7R A AR IR RS 9 XRD &L ATRLE H, 5]

ARV — 4 w45 19 15NiSM/Si0, AL ) 55 8 45
J& 15Ni/SiO, ML, 78 20 = 22.1° kb 5 B VR B Y
XRD fii i, FJEF IR Sio, R, 7F 260=
44.3° 51.8°, 76.1°hb B4 JE@ Ni A HRRAEAT 5 04
FHA NIO A RGE S5 A 4 I8 Ni. [B] 2¢ Ry X 1 A 5
J& 15NiSM/SiO, AL ARG 48 XRD 4544 534, BT A
X4 Ja e A TR0 L AR AT S e B O (42.0° ~ 46.0°) 3
H s — i g, REES 4IRS Ni &JEW
T 58 W 24 43, A SE A 4 AH B4 TR TE) A 1 R
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TR T FEAEATT S 0 [ W 1 55— 4 e AR U A R
TR, RN GEEA G238 T8 4R
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Fig.3 H,-TPR profiles of catalysts
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R, BB RAE NIO (38 I S T T8 NiO 1Y
E}EUZ]

FIEE 15Ni/Si0, fiE4E 5, 15NiSCu/Sio, L 5]
14340 JE 0 1) IR T R4S, BABH Cu I B AR E T
NiO PR A 5L, JR RI7E T CuO b NiO BE 45 5 if
Ji, SEIA SR Cu 2 18 TR &00T i i 2 Ni 4
P AT A 1 NiO A9 38 JE DT X 15NiSFe/
Si0, 1 15Ni5Co/Si0, AT, FHo 4 J@ 3 A J W AH X
I5Ni/SiO, AL 0] = i 75 0132 8% %8 400 °C 247,
F Fe, Co EALIMILF L NiO M, = AW 4
JE KON AR T Ni Pk 38 0. 2 15NiSFe/

SiO, AT, B 400 °C Z247 1Y 340 I FE &0 DL A1
FE 580 °C [ S L IO B — 55 (W iR g, IR T
Fe ALYk JEFEA.
2.4 E4LF H,-TPD R1E

TS R A AR )X H R W JR T Ak 8 H
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Fig.4 H,-TPD profiles of catalysts

H; Desorption/ (a.u.)

J& 15Ni/SiO ML, AXAEART 150 °C 1 DX [E] A i
PRI TTORE 90 °C 2245 B — 11 H, I BRFOGE X6 1 555
W R S . M5l A 48 Fe, Co, Cu 7,
15NiSM/SiO, AT AR H, 158 B 0dg B 5 1 v L DX
T, 75 50~200 °C [l P H B TR E 110 C 42
A H BRI, BB A 51 A H, 5367 5
Vi) PR 2 BFEAE P i, W JS 1) 1L, A0 o 75 6 v Y
T TR BT 38 e X R IR A B 0 R FR 43, THIRAS
PEAL IR H, 8 B 5 B/ NI R 15NiS Cu/
Si0,> 15Ni5Fe/Si0, > 15Ni/Si0, > 15Ni5Co/Si0,,
X455 R B Cu 1IN AR HE T A 550 2 T X
H, IR, D BRI Ni A3 HORE i 42 i DA Y Cu AR B Xof
H, 10 55 W B 205 i Co 8931 AN HL, B U
W B = A A VE T, A FBIA Co J5 1 LR )i A
Ni JURL 4. B n] LA B, 78 15Ni5Cu/SiO0, Ff fi
HERART 200 °C UM H, IR &1, 78 280 ~ 400
°C a] H B LR R Y L BRI, SRVRE T Cu B
Y5 Ni {57 s AH ELAE P 10 B4 38 S R 37 ol 72

3 L FIE TR
2 9 AR R B YDA U A0 3 BT 49 5
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Table 2 Hydrogenation performance of catalysts "
Selectivity/ %
Catalysts Conversion/ %
BED BDO HTHF Others

15Ni/Si0, 98.9 77.3 9.5 13.0 0.2
15Ni5Fe/Si0, 93.3 60.1 28.4 11.0 0.5
15Ni5Co/Si0, 62.7 78.4 13.1 7.7 0.8
15Ni5Cu/Si0, 100 80.9 9.2 9.7 0.2

Reaction condition: catalyst 0.2 g; BYD concentration 10% ( weight percentage ) ; methanol 40 mL; temperature 50 °C ; pressure

1 MPa; stirring speed 800 rpm

B AR R BLZAE T, £ T BYD in&in &
¥ BED, JF & A —E i 1) BDO J HTHF.
15Ni/SiO, fEfL 7 H BYD & 1y % L 28 98.9%,
BED (% ¥ £V 35 3] 77.3%, B8 HE 4> B R 7= W
HTHF )& 855, ik 13.0%. W4 )& 15Ni5Cu/
Si0, Rl BYD M4% b3R8 5 2 100%, HHEA i
i) BED & £ (80.9%) [ Iy 7] A7 5 3 AIG &1 7 4

HTHF f9 = B (< 10. 0%). 15Ni5Co/Si0,
2= = C(BYD)

@ —o—S(BED)
g 100 ——S(BDO)
3 —<S(HTHF)
S« 80F
%3
s X
2 2 60
ET af
a 20
P
-]

0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Reaction time/h

15Ni5Fe/SiO, 7E AH [F] 52 W 45 1F T 5% AL 2 A0 43 51
62.7% 5 93.3% , AHXT AR 15Ni/Sio, fE Ak i in
AIEMEA PTREAR. X AT 2 T Fe Al Co 951 AM
Hl Ni R IR 515 AL, Fe, Co BT ARRMK T XL
& JE A W S R R S, A RS M
DEQHED, FHOE B TEPEREAR .

&l 5a 2& 15Ni5Cu/SiO, fEfLFT BYD I f b
BYD ¥ J& & BED . BDO . HTHF 19 1% 4% P i iz 7 It

140

(b) ZAC(BYD)
E=IS(BED)
120 - [=m S(BDO)
® T S(HTHF)
3 100 | —
z / 7 7
S 80f| = =
E —
w
= 60 F
£ =
= — =
S 40t
> —
= e
z =
o 20F
0 i ¢ — —
1 2 3

Number of recycles

& 5 15Ni5Cu/SiO, fifk57 BYD Jn&ish Ji2= ik (a) KA A (b)
Fig.5 Kinetics for hydrogenation (a) and stability test (b) of BYD over 15Ni5Cu/SiO,catalyst

Reaction conditions; catalyst 0.2 g; BYD concentration 10% ( weight percentage ) ; methanol 40 mL;

temperature 50 °C ; pressure 1 MPa; stirring speed 800 rpm

s 2R 4. WEIH AT LA H, 3 h I BYD
V1R 52 o7 ) ) (g 15 i L S 4tk R R, ZESRAIR
) BYD AT, &Y LA BED h 3, W3 h
Ji BYD 5e 2564k, BED MBEHEPEZ N 81.0% , TE3L
AN FE R RN BED #8 fse bk. yitk—2
I UEAEAL R ZE BYD fin & s b i Fe b i R 1, 7E

15Ni5Cu/SiO ML) E3E1T T 3 Wik S0 ¥ &
R (& Sb) . IWEIHRT LA Y, 5T, BYD
(85 Al A WS TR AR, TTAE SR 3 RN JS BYD
AR 92.1% , A5 HE KB 15Ni5Cu/Si0,
TR FR B AT 55 /8 1 0 PR AN BED 85 1, [AJ2
A RETENG PR SN it i 2 1 B0 — 8 T PR A T R
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5% T Cu, Fe, Co BiFIXF Ni/SiO,f#{k 5] BYD
INEPERER I, 455 SRWIZE 4 )8 Co I Fe BN
ATEARFFERE EHH T Ni 9 F 0938 )5, BYD s
TEYEATE, Ni-Cu X4 )@ Re g {2 SF 41k 70 v 4 8
Fif 5, BYD HALREIRE] T 100%. Ni-Cu M4 &
PEALFIANT BEBE 2 A4 S 17 P AORE ) 43 HORE Rl B
Ha TN 4 AR Y SR T RE ) A A A
J1, ARHET BYD A SN L.
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Metal Promoter Effect of Ni-M/SiO, in Hydrogenation of
1,4-Butynediol

ZHAO Fang, WANG Chang-zhen” , TIAN Ya-ni, WANG Ju-xia, LI Hai-tao,
ZHAO Yong-xiang "~
( Engineering Research Center of Minisiry of Education for Fine Chemicals ,

School of Chemisry and Chemical Engineering, Shanxi University, Taiyuan 030006, China)

Abstract; Ni/SiO,and 15Ni5M/SiO,(M = Fe, Co, Cu) catalysts modified by different metal promoters were pre-
pared by incipient impregnation method using SiO, aerogel as supports. Different bimetallic catalyst structures were
characterized by means of ICP, BET, XRD, H,-TPR, H,-TPD etc, and their promotion effect in the 1,4-butyne-

diol hydrogenation performance were thoroughly investigated. It was found that different second metal element has

various bimetallic synergy with the Ni species and the addition of appropriate amount of Cu into the Ni-based cata-

lyst can not only improve the dispersibility of active Ni species, but also promote the metal reduction/overflow abili-

ty as well as the H, adsorption/activation capacity, which is benefit for the hydrogenation of 1,4-butynediol. The

catalytic activity was test under a condition of 50 °C, H, pressure 1 MPa with a reaction time of 3 h, the result

showed that 15Ni5Cu/SiO, with a little amount of Cu modification can achieve 100% 1,4-butynediol conversion and

possess the superior 1,4-butenediol selectivity with the lower byproduct which is hard to separate.

Key words: Ni-based catalyst; bimetallic catalyst; synergy effect; hydrogenation of 1,4-butynediol



