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Catalytic performance of Pd/SIC for benzaldehyde hydrogenation
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Abstract: Supported catalyst Pd/SiC was prepared by liquid phase reduction method using high specific
surface area (about 30 m?*/g) SiC as carrier, and characterized by TEM, XRD and XPS. The effects of Pd
theoretical loading (for short Pd loading), carrier type, reaction solvent and reaction H, pressure on the
catalytic hydrogenation of benzaldehyde to benzyl alcohol were evaluated. The catalyst obtained was also
analyzed for its reaction mechanism via in-situ diffuse reflection infrared spectroscopy and its cyclic
stability. The results showed that Pd;/SiC with 1% Pd loading (mass fraction) displayed better catalytic
performance than Pd,/SiO,, Pd;/Al,0; and Pd,/TiO, with the same Pd loading. Under the conditions of 30
mg Pd;/SiC and anhydrous ethanol as catalyst and solvent, temperature 60 °C, reaction H, pressure 0.5
MPa and time 30 min, the 1 mmol benzaldehyde conversion reached 100.0%, while the phenyl methanol
selectivity was greater than 99.0%. The Pd/SiC catalytic mechanism on hydrogenation of benzaldehyde to
benzyl alcohol might be attributed to the reaction of H, dissociated by metal Pd and overflowed to SiC
surface and benzaldehyde molecules adsorbed and activated by SiC surface. After Pd,/SiC being recycled
for 5 times, the conversion rate of benzaldehyde was 93.0%. Pd nanoparticles in Pd;/SiC were well
dispersed on the surface of SiC with an average particle size of 4.8 nm, and there was obvious electron
transfer between the carrier SiC and Pd.
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[M ) 1% Pd/SiC f#E{LF], 124 Pdi/SiC.

KA BB BRI, R PA(NO;),*2H,0
KIEWHE, Hl4& Pd MEER 0.1%F 0.5%M



*+ 596 « A% 4m 4 T FINE CHEMICALS

42

Pd/SiC ffk5, iCk Pdy,/SiC Fl Pd,5/SiC; HiE#
HARLEALR Si0,. ALO; 5 TiO,, % Pd &1y
1% PA/SiO, fiEfLF . PA/ALOs fELLF . PA/TIO,
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Fig. 2 XRD pattern of Pd,/SiC
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F 1 AREMEARIH P W 3ds, 1 3ds, 455 FE

Table 1 Binding energies of pd° 3ds), and 3d5), in different
catalysts
4G ReleV
HEfL ) -
Pdo 3d5/2 Pdo 3d3/2
Pd,/SiC 335.1 340.4
Pd,/AlLO; 335.5 340.8
Pd,/SiO, 335.8 341.1

22 HUMEBEERERERSHT
22.1 Pd &KW"

Kl 4 JyAfR] Pd 51358 Pd/SIC HEALFRIMEIL A
P& e RS SR A . 3 2 O Pd,/SiC il Pd, 5/SiC
i) TOF fH.,

AR %
& 3 8 8

N
S
T

0
Pd,,/SiC

Pd, 5/SiC
AR

4 ASIF] Pd f7 3R PA/SIC AL AR FH S i M fE
Fig. 4 Catalytic performances of Pd/SiC with different Pd
loadings for benzaldehyde hydrogenation

22 Pd,/SiC Fl Pd, s/SiC K TOF {H
Table 2 TOF values of Pd,/SiC and Pd,s/SiC with different

loadings
JZ 2R H g 7R Pd S:fr TOF/
AR e AR SRR iz e
/h 1% 1% /%"
léd‘/SI 0.5 100.0 991 1.00  703.1
fcd"-5/s 2.0 98.2 100.0 042 4147

(DICP-OES iR 45 3

MIE 4 T LIFE 1, Pdy/SIiC AL IR M f s, o

FH 2 A N R e PR PR R R 3 99.0% 5 Pdy 1/SiC
F1 Pdo 5/SiC IMEALIE PEEAR, AR 2R F Bk 5 M
Pd,/SiC AHifT, (HORH B AR S0 HA 1.8%F
33.3%. Pd, s/SiC f¥) TOF {8 ( 414.7 k"' ) fit T Pd,/SiC
(703.1 h''), FB 3 Ff Pd/SiC fEfLFIF, Pd,/SiC

HA TR S AR 3G 2
222 EARWH®
&l 5 R A Rl 2 A 67 28 1 P A AR AR Ak 28 H T o

ATERE.

HE == mhk

R s i LT
5 8 & 8

[\
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T

0
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HEAL
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Fig. 5 Catalytic performances of Pd catalysts supported by
different carriers for benzaldehyde hydrogenation

Pd,/TiO,

B S ATLLIE R A A 0 A R B A i
J¥ 4 Pd,/SiC( 100.0% )>Pd,/AL,O5( 98.2% )>Pd,/SiO,
(189.9% ) >Pd,/TiO, ( 86.2% ); A& e HE1E M 25
FUE AT K Pdi/SiC(>99.0% )=~Pd,/TiO( >99.0% )
>Pd/AL,O5( 94.7% )>Pd,/SiO( 83.9% ). %] Pd,/SiC
LA e 5 0 A A 2 R I & e
223 R EEN R
3 NIRBIEFIRE Pdy/SIC AL B R A b

REAIRZ I

3 WX Pdy/SIC AR Y T S RE AY S R
Table 3 Effect of solvents on catalytic performances of
Pd,/SiC for benzaldehyde hydrogenation

el RH AR % R B REE /%
Tk 2B 100.0 99.1
Jook BB 100.0 94.1
S 72.9 100.0
- L4- = &R 62.2 100.0
U S0 K R 57.7 100.0
ZIE 31.6 100.0
AR 24.9 100.0

M 3 ATLLE W, e R, T
IK CEER LR, A A IS P e, AR
AL Z (100.0% ) FURHBEEEEE (99.1% ) #RIR
s LAJCK H SN BRI R, AR A0 36 AR
B, EH AL (100.0% ) F1AE F P
(94.1% )5 T07K AR F el AR TC K EE A )
BRI K, oK CEEAE MR gk, Hik, ik
B ICIK AR RN
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Fig. 6 Effect of reaction H, pressure on catalytic performances of
Pd,/SiC for benzaldehyde hydrogenation
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fl&F Pd (5.12 eV), SiC B F 2R Pd, Ml
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I SiC F 15 Pd Ml A7 15 2 B Bl FARAS, X T
AEA T4 B C=0 WL FHZEHEAL T A 1281,
2.3 Pd,/SIC EHLHIBSHT

Bl 7a Sk o HH R R 56 R AN [R) 244 A Ak 7] 1 Y
in-situ FTIR 3% &,

ME 7a iTLLEH, RHEEWHAE KBr L),
RIH C=C B I W FEAE RS 20 A6 T 1584 F1
1597 cm ' BT, EEIEERAEMCH 2T 1720 cm ™' Fff
Lo EH, 1600 cm ' AR IFIR A C—C H#EAY B
AN EG AT, 1720 em ' Ab g N HIEE F C=0 #
PR IR s 5 SClk e 25 SR — 50

RHEEAE SiC F Pd,/SiC W Bt e 72 A= fR AR AE
WSO 0 5E A A ], RIORER R C=C B P4
HEW T 43 AL T 1584 F1 1603 em ' Ab, B FE A
WAL T 1715 em ' Ab, 5 KBr FAEHIEEY FTIR 3%
PRI, BESEMCHT R B RS T2 S em ™'y 2K
FEE7E Pd,/Si0, F1 Pd,/ALO; Wi, 9534 1 FTIR
WEEJLFAHIR, RIZEIRH C=C AY4RAE M oG Hi B
7E 1583, 1584 Fl 1596, 1603 cm ' &b, MERLAHFAE
W Ut BRAE 1701, 1702 em ™ &b, {EAS 3 B0 2
R 0 R AE W B T 3R IR RS . X e,
FH I 6 L A A 700 I R o sl o4 2 B i A A A 2 T
B, ZEHEEAE SiC FIl Pdy/SIC W FFFE, P EARAE
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Table 4 Comparison of catalytic performances of Pd,/SiC and the reported catalysts for benzaldehyde hydrogenation
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AL e H, % Jj/MPa L /°C KA % KR EREE% %00k
Co/y-AL0;-72% SiO, 180 3 130 95.8 91.1 [13]
Pd/Ni-MCM-41 40 0.2 100 65.1 100 [18]
Pd-Ru/C 500 0.5 40 39.6 30.6 [21]
Pt/MIL101 40 4 25 59.4 99 [39]
Cu-Al-O 100 2 156 78.0 96 [40]
Ru/FDU-15 50 4 60 71.0 83 [41]
Pd/C-2" 20000 2 120 99.0 98 [42]
Pt-Pd/Ni/C 50 1 25 100 100 [43]
Pd,/SiC 30 0.5 60 100.0 99.1 A3
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