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Selective Hydrogenation of Phenylacetylene over Pd-Cu/SiC Catalysts
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Abstract: Pd-Cu/SiC bimetallic catalysts were prepared by a liquid-phase reduction method and used
in the selective hydrogenation of phenylacetylene to styrene. The results show that the mass ratio of
Pd/Cu has obvious influence on the catalytic performances, and Pd, 5-Cu, ;/SiC catalyst exhibits the
best catalytic activity and selectivity, and the TOF value based on Pd can reach as high as 2 972 h™'.
During hydrogenation, H, dissociates on the surface of Pd to form active hydrogen, and then the ac-
tive hydrogen overflows to SiC and reacts with phenylacetylene adsorbed on the surface of SiC. XPS
results illustrate that the electrons can transfer from Pd to Cu, which decrease the H, dissociation a-
bility of Pd and hence inhibit the over hydrogenation of styrene. This strategy of constructing bimetal-

lic catalyst by adding transition metal Cu can effectively cut the usage of Pd and reduce the cost of the
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catalyst.
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1.1 EAFIHEE

e LR T A SIC SR 1 68 I e PR TR R A, BRI ALY 50 m’ /g, Pd/SiC, Cu/SiC,
Pd-Cu/SiC, Pd-Cu/AlL, Oy, Pd-Cu/TiO,, Pd-Cu/SBA-15, Pd-Cu/AC, Pd-Cu/SiO, fifk7135F HW
MR 1o, FREL 600 mg MMM Ll (PVP) T —a& i L8 Fkh OKm4
JRE TR EARFUN 20 mL), SRJG A 194 mg EALF 24, BEHI5; BERMA 5.7 mL
Pd (NOy), « 2H, O % (0. 01 mol/L) 8% 4.7 mL i Cu (OAc), » H,O ¥ (0.02 mol/L), &
G A 50 mL m R AT AR E 3 G FRA 2 MPa &, A Z 150 “C/RA 2 h,
F V25 MR UE . KR S BV, 60 °C B25 T4 8 h, HIf5 Pd/SIC (it %0k 320) o
Cu/SiC (it $Ch 3%0) AL, Pd-Cu & 4 Ak AR 76 T34 il £ oot 7 v ) B Jom ACAS T LG 491 1
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Pd (NOy), « 2H, O #l Cu (OAc), « H.O R HAWH & 25 PEF L. i o 2 fhg
BRI, TR R Pd/Cu B CRIEALA] (428 8 SR 3000 r44)y Pd.-Cu, /SIC,
Hor 2 iy A3 PAd R Cu i fk .

1.2 EXFIRRAE

BHTFRAEE (TEMD I W E A0 750 (1 oW JE S5 A &5/ AR, X285 FEI Tecnai G2
F20, #/EHIE 200 kV; iR X SHEATET (XRD) FHRBFITHEALFI 0 AL b . (X275 DS-Ad-
vance (f#[E Bruker); X HEGH TAER (XPS) HREAMFMALFIICRE AR KM AL, (XA§H
5 ESCALAB 250XI, DL Al K o S X BB A, St R ML A a5 4y Cls i
(284.8 V) MATRZIE.

1.3 ELFIERETEM

AL EREPEMM YI7E 50 mL NEEMIV 28 (LIgAE, YZPR-50B) shilfft. & Jafe i & Hm
A 10 mg AL 20 mL ZEEF 2 mmol 2R LB, SRS 1] ) 48 T RE S0l A G AZEREH TR AR
G N AENBEFEIMIAE 30 °C, RN T— 2 ] E 5 bR S A . BTG K B B 043
LR RHAAHEE (PANNA ASIPLUS) #4779 5081, T2 AR Z B3 3 k. H T
AR A AR M
SR (TOF) MR (D &
n, CS

not
Kb m ANPGRS e HTEYEHA TP BN C S, S AEEEE: « AW
i [A]

TOF= (D

1.4 HB{ZEXE

AL 25 AE DCINAE I AR DH7001 ML Ak 2% TARS AT . A OB AL IR e = i ik & h
BT Py HA BRI oR A (Hg/HgO) 33/ Xof R AN 2 e Hu b, 3 T HEAL BT RHY Btk r
W CEARR 3 mm) ER TAERM, 0.1 mol/L S ALH I AE N .

TAERBAHEIA: 5 mg BERAECT 1 mLV (EtOH) :V (H,0) =2: 3 [IEBAER T,
JA 10 pL Bt 5340k 0. 5201 Nafion # Wk, #7430 min, RS W50 e 38R 25 0
5 pL AMHORK, WAEBRR AR, FARI TR TAEmAL., MK A7, A R WH He 1 Ar 4
SIWAT 15 min, DABRERFE ST Hy A2 BT, SR )5 2 i LAS B0 A 2 2k

2 #R5iTiE

2.1 EAFIEBEIEM

2.1.1 Pd/CufRELLXEZ RIEFMEMS BRI R

FEOR R4 B B 3V IE LT . 7E Pd/SICAEAEFIFIAZE 2 4143 Cu il #1538 T — & 51
AR Pd/Cu st U XUG R AR JEA O TR Qs et a s i b, W3k 1. 3R 1l o,
Pd; /SiC fAEFAE 30 min g 1] DL R 24 BOE A UOR 20 . R 94. 600, il Cuy /SIC AL
X CIRBEFEE A BATEE . FREY] Pd R A% BN A 2GR 5. BEE Cu S EBIIEN.
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HALFIE TOF (B m R K. 24 Pd/Cu iR 12 5 1F, B Pd, 5-Cus. 5 /SiC AL FIEY TOF {Hik
Bl (2972 h), 4R Pdy/SIC R (1342 h') [ 2.2 /%, wf%, Si4 )8 Pd FIH
BRI EINN, AL BAS 2 AR A . 2 S0 B ] ZE 4K 2 90 min B, Pdy 5-Cuy 5 /SIC X2 2R
TEREME IR ORI A AR RE . e fbRak 9400, EPRMEMREIARSAE 97 0 A A .

F 1 KRE Pd/Cu BB bk B AL T3 Z bk iR M I S Ak
Table 1 Catalytic performance of Pd-Cu/SiC with different Pd/Cu mass ratio for selective hydrogenation of phenylacetylene

@ _ 10 mg Pd-Cu/SiC ©/\ 4 ©/\
—/  EtOH, H,, 30 C

HEAEFR A2/ % WOIRBERENE/ % S WE 8] /min TOF/h~!
Pd; /SiC 99. 6 95 30 1342
Cus /SiC trace
86. 4 97.5 30 1434
Pdy. 5-Cuo. 5/SiC
99.9 57 60 —
83 96. 8 30 1710
Pd;-Cu; /SiC
99.9 59 60 —
43 96.9 30 1773
Pd;-Cu;/SiC 66 97.5 60
100 83 90 —
36 97 30 2972
Pdo.5-Cus.5/SiC 66 97 60 —
94 97 90 —
8 97 30 1651
Pdy. 2-Cuz.5/SiC 15 92 60 —
45 96. 5 90 —

BT RN Z&MEH 10 mg LT, 20 mL . 2 mmol B2, # K, KAHEE 30 °C,

2.1.2 FEXTEZ BRIE M S RE R 0T

i 7 Pd/Cu BURLIESE. SR THRICREIIT s gz pormuemesennm
KZ‘ B i 5 1 jJﬂ %jh M HE 19 52 1 ﬁ}% J i ALO;, Table 2 Effect of support on selective hydrogenation of
SBA-15, TiO,. SiO,. AC GEESR) 3% 5 AN K phenylacetylene %
BN SIC BIRIERS H . AR BB PdoCus.s v p— p—
AL R e Bt I A e, WLk 2. ATLCE Py 5-Cus, 5 /SIC 66 97.0
s ORI R S I B LT A 5, {H Pdo.5-Cus. 5 /Al O 32 97. 0
RO ETEE R SZ AR K. FEAH R SO0 25 F T Pdy.5-Cus.5 /TiO, 30 96. 7
Pdy s-Cu. s /SIO. BTG P fe 22 bR HA 6%, Pdy.s-Cus, s /SBA-15 23 98. 0
HkH Pd, s-Cus. s /AC il Pdy..-Cus. 5 /SBA-15, 4k, Pdp.5-Cuz.5/AC 19 97.7
FOPHI g 190 239 BIER T S ieh o gy s Cono/50: ° o

FALYER (TIO M AL O, KPR LR R BT SR ZEFR 10 me L], 20 mL ZEE, 2 mmol
B O30% A A, AR, DL SIC 2 1 i 4 Ak 3 KR, L IRE 30 °C. R MHFE] 60 min,
(Pdo.s-Cuy. 5 /SIC) XA L HBEPEME A R ERE R FE ALK 6606, X T R B R AH X Ho At 2k 4
K, KM (C=0) BHTAE SIC #ARRMR MG, X —85 FALF 2 AT B 25 A5
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2.1.3 BFFIXMEZRIEF MR

2B 5E T RO XS Pdo,s-Cus.5 /SiC AL
HOPIEFNE IS M . LA IR 3.
= 3 RIAE . ERIR CHRIE TS BOR AR
Wi o SR IR AN W L F el S PR A DA 7]
i, Pd.s-Cus. s /SIC IR LB AR PERERL L T
TEAR M S e M Tn) g, R, IEC ke, 3D
ft. CCL) H iy, Pdos-Cuy s /SiC HEIR 2 Hfn
ANTEREE 22, ANk CCLAE A 30 B 248 2 B Ak
HAUH 0.500 . LRERUL. TELBEAE A ROV
. AR AR RE R
2.1.4  Pdys-Cu, s/SiC N FIERISE R

S ERMEAIAR LE . ARG B P37 T HenT
AR AT NP E PSR Z A AL R P e
M—PEHEZH T %% Pdos-Cuss /SIC AE L]
AP G TR . XA EAT T 5 RO S8, &1 1
SGEREN], Gl 5 UAHEIRSLIS - AL B P F i
PEMELF- A BEAR, 1580 Pd,s-Cuy 5 /SIC AL A
A R ENE.

2.2 EHFIRIE

Kl 2 24 Pdos-Cu,.5/SIiC fEfL5R 9 TEM A1 HR-
TEM &, "L th Pd-Cu & 4 BUR 9 5] 0 A £ SiC
R, FEIFZ005 2.6 nm, KiARIMG I SETHES
WL 2 (a) #HE. B 2 (b) MEEHLEERAY JLA Pd-
Cu BURLAY TEM MR, 18 9 o — A& & B0k Y
o HEER o DR A A 280 b s OURRE A A B B 24y

3 Pdys-Cups/SiC ERERF P ELEZ RIEF

A
Table 3 Selective hydrogenation of phenylacetylene over
Pd,.s-Cu, 5 /SiC in different solvents %
sl AL PR
s 66 97.0
F 61 97.0
S 50 97.0
7K 12 97.0
Woke 8 94.0
ECkE 4 97.0
2R 4 91.5
CCly 0.5 94.5

VeI . BV &A% 10 mg 45, 20 mL %57, 2 mmol
KM, W, RIREE 30 °C, W EE] 60 min,
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3
Reaction cycle

1 Pdys-Cu,s/SiC BI1EER T2 E M
Fig.1 Recycling test of Pdy s-Cu,. s /SiC

0.212 nm, A+F Pd (111 A1 Cu (A1) FhmEEZE, o LUHJE N Pd-Cu &4y (111) S, 3iF

BT Pd-Cu & 25M B il &

(b) HRTEM K4

Bl 2 Pdys-Cuys/SiC # 4L 7K TEM F1 HRTEM B &
Fig.2 TEM and HRTEM images of Pd, s-Cu,.s/SiC catalyst
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3 A Pdy s-Cus.; /SIC 4L XRD &, Hr

35.7°%, 41.3°, 60.0°, 71.8°, 75.5° W4T 50 43 51 sic(111)
SR B-SIC Y (111) (2000 (220) (311) (222) 2

. EEEFIFRBIHLEMW Pd, Cudf Pd-Cu b g .

SR RORTEIE . LA B £ OB R 1 scom s
NEEEES, 5 TEM 2558440 —2L, . .kﬁfg%
2.3 RNHIE 30 40 50 29/(0?0 70 80

&3 Pdo.s'Cllz.s/SiC H"] XRD
Fig.3 XRD pattern of Pdy s-Cu,.s/SiC

4 )E Pd b, Pdos-Cu, s /SIC ik
IR T 5t | Pd M5, 4 7GR 5> Pd
RAZ, J—HH. X Cu 5 PAIEA &0, Pd 227584 Cu, MIMHE Pd AL FARXT IEF
FRRASDS . SR XPS SRS T T R AE, g5 R anEl 4 fi7R. 78 Pds/SiC 1, Pd 3ds. 255 REN
334.7 eV; TM7E Pdos-Cu,. 5 /SIC Hr, Pd 3d;, Y45 G REMR AL 2] 334. 8 eV, X6 HA7E X4 @ i Ak 7]
i PAERE4A T Cu, BRIKT Pd HLF25 5, 15 Pd X H, (0% B 25 68 J1ikss . 18 5 4 Pd; /SiC
1 Pdy 5-Cuy 5 /SIC BIIEIMR L M2, M AT ) 52w AR Z b A H, 15 min, {14 550 36 21 0 B 461 0
Bif5 3 A Ar 15 min DA Ia A0 R E P B A9 H, . JEIRMRZ2 Mg, S m B R E |
SRR RN, B S il LA, Pds /SIC A6 550 9 480 A0 08 i AR B 52K F Pdo.s-Cug. 5 /SICy Ui B
Cu By AREAR T AR H iR aE

Pd 3d
Pd, -Cu, /SiC
<
5 =
B =
g\. 3& i R R
z 50
2 =)
k| 3 . .
Pd /SiC L --- Pd,-Cu, /SiC
334.7 340, — Pd/SiC
L 1 L 1 1 L 1 ] _2 1 1 1 1 1
330 332 334 336 338 340 342 344 346 -1.0 -0.8 -0.6 -0.4 -0.2 0
Binding energy/eV Potential/V
E 4 Pds /SiC *ﬂ Pdy.s-Cu,.5 /SiC E"'] XPS E 5 Pd; /SiC ﬂl Pd,.s-Cu,. s /SiC H(J?Eﬂqk? HH —@%
Fig.4 XPS spectrum of Pd;/SiC and Pd, s- Fig.5 Cyclic voltammetry curves of Pd;/SiC and
Cllz, 5 /SlC Pd() 5 'Cllz, 5 /SlC

B TAER I, HLLSIC o4 Pd BRI, 4 L 32202 DU A W B 0 05 U 7 SIC 2, B
KNGS TEPERRAE SIC R . 255 DL 0T, WHIAH Pdos-Cus s /SIC AR 2 e ek
INERIHLEE S . Ho /e P R B RIETER . BEE W PE S 2 SIC AR, 5 SiC SR i
CHMEERARCH . thT Cu A, Pd ERTHB 4 Co WTE Pd 4285w 1E, FEAK T HAR
8 OO R i SN 2 (3 | B TR = 5 A = 7 1 15 | o o1 | e oY W D e b e 1

3 & i

R HBARIE ] % T Pd-Cu/SiC B R & G MR, IR TR SRk #E i i &4 &
M. HRTEM FI XRD &R0, Pd-Cu & SR 2] 704 1 SiC &R K. #F5E T Pd/Cu Bt
Foo Bk R AR LE SR AR AL MERERYSZE . 45 2RERH Pdos-Cua, 5 /SIC 7E BRI TP LR 2
B e R 2 e RE R . TOF {Hik 2 972 h ', I H Iz L RIE R RIF IR E k. 1
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