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H,(99.999% ), 1’k 30 mL/min [ 33 M4k 71 20
min. SEEE S, SCP AR B, AL SR FE 0.2 MPa
B Hy R FIRA T he SR)IE D14 N, <, DA 20 mL/min
(AR R it 2R TR ) BRI B 1 H, B R 2P AR, AR
JE AL FRE 5 DL 10 K/min [ 38055 2275 (303 K)
FHi 2 873 K, iy #4T th A JU #5 (TCD ) X 5t B B2 <
WATTELR IR IR
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HiJERE 5.0 ~65. 0°, F i @ & 8°/min, /5 H & 44
KV, %5 H1 37 200 mA.

XPS 375 2€ [E PE 4 7] g9 PHI-1600 ESCA S
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Fig. 1 XRD spectra of various Zn content Co-B catalyst
(a) Co-B, (b) 1% Co-Zn-B, (¢) 5% Co-Zn-B

J& 1 XRD 3P, 18 1 AT %0, Co-B i Ak 3 Fl ek il
PR Co-B ALt BRAS B 477 S0, HAE 45°
BEFT B/ B 46 JaR G i e, 3 Wi Ak 390 3% D
SHASEERT Y Zn (U RGN, 26 7E 30 ~40°
2 () Y BAR 55 R e, BB B X S 45 Co-B fiiAk
Az s A HBA IR Co-B fEAI AR ML 45 1.
2.2 Zn 52831 Co-B LTI ME LRI E M

PR 55 N 5 T % 52 T ANA] Zn 48 44 4 %
Co-BA Ak 391 A 185 110 40P RE 14 32 W), 405 SR 0 3% 1T

Intensity

®1 AREBEARSEN Zn HEHIERET Co-B EHLF LM EEELLE
Table 1 Performance of Co-B catalysts modified by Zn on hydrogenation of CMA®

Conversion of CMA

Selectivity (% ) Yield of CMO

X ()" (%) CMO HCMA HCMO Others (%)
0 97.4 67.5 6.0 22.3 4.2 65.7
0.1 98.6 67.3 7.8 20.9 4.0 66.4
0.5 98.6 73.0 4.5 18.0 4.5 71.9
1.0 97.3 82.9 2.3 10.9 4.0 80.7
5.0 97.3 76.2 0.4 18.2 5.2 74.2
8.0 93.4 71.8 5.8 17.1 5.3 67.1
a: Reaction condition; 3 mL CMA, 27 mL Isopropyl alcohol, 0.5 g catalyst, P, =2.0 MPa,

Hy

T =423 K, Reaction Time =3 h, Stirring rate =1 100 r/min

b: xz. =n,./(ng, +nc,) x100%

e WKL A[E W, BEE M T Zn 8258 1 5
i, PR I R SE TR K, 2 Zn B 1%
I, e 1 B 5 5 82. 9% , LR UR N Zn 1) Co-B
MEALTIER S 1 15. 5% , PRI ™ A B 3k fe i,

80.7% , Lb ARSI Zn Y Co-B AL HE = T15.0% .
PE— P4 i Zn i (AL GE AR A4 e PR Y B
BORWERER) TR, BT LA Zn BTG HAB 2558 9 1% (FE
IRITHEL) .
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Fig. 2 Effect of reaction temperature
on hydrogenation of CMA
() Conversion of CMA; ( @) Selectivity of CMO;
( A)Yield of CMO

Reaction conditions: 3 mL. CMA, 27 mL Isopropyl alcohol,
0.5 g catalyst, Py, =2.0 MPa,

Reaction Time =3 h, Stirring rate =1 100 r/min
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88.6% , ALK H 82.4% .
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FAMR . P U ) T R S TR RO P 7 1
J&, R A SRR I M AL 3 .
B VU T U ROR Hh R B, AT
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Fig 3 Effect of reaction pressure
on hydrogenation of CMA
(H) Conversion of CMA; ( @) Selectivity of CMO;
( A)Yield of CMO
Reaction condition; 3 mL. CMA, 27 mL Isopropyl alcohol,
0.5 g catalyst, T=413 K, Reaction Time =3 h,
Stirring rate =1 100 r/min
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Fig. 4 Variation of conversion and selectivity of amorphous
Co-Zn-B catalyst with reaction times
() Conversion of CMA; ( @) Selectivity of CMO;
( A)Yield of CMO
Reaction conditions; CMA ;Isopropyl alcohol =1:9(V) ,
6 mL CMA/1g catalyst, Py, =2.5 MPa, T =413 K,

Stirring rate =1 100 r/min, Reaction Time/each times =3 h

488 K 755
“)
756 K
485K
3
759 K
[
=
o)
2
= 2) 744 K
584 K
@
1 1 1 1
400 500 600 700 800

Temperature (K)
K5 AfF] Zn &8 Co-Zn-B IR FAS & S AL
1) DSC 3%/

Fig. 5 DSC curves of various Zn -content(yy, ,
mole rate) Co-Zn-B amorphous alloy catalysts
(1) x =0% , (2)xzy =0.5% .
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(585 K) Ml X (744 K). AR 45 s A AR 55,
/M. TEE R H B 0. 5% I, R 144k i
PG TP TR 2K, (L iy Al 45 o D[R] A 7 TR 119 DX I
B, 455 RSk XPS B i AL 7 J2— A i Ja
TAMEMSIAFH Z 0K R, P LRI Z5 f il £
WEEARE ] RE ARG E AL & W 245 i O B T A AR

ArAS Co-B [0 P25 fTSCI. &) 5 RN, e fL25
AR BRI S, AT 1) A A 45 IR B
JRCER . B AR A A A5 2 A 0 7 A i 7, TR 45
PP TR O ) L B8 BEAER vtk 45 At A 1) 3l B 1y
YERIEE IR S O 1% I, AR 45 A i PR e ) it B2
FEAR T 99 K, il 4h il AR = T 12 Ko il T
T2 ORI T 0, I D B M TR
Co-B fiAb i M FARG e k. (H Bl RE & ik — 2B K
I PHE P70 )RRt IR D v T v A 0 g
WAL, DE I I 4 B 2 S BSUHE AR RS E 1R A A1
2.5 §ExtiERTS Co-B EALFIAY H,-TPD Ky

X 4 AR TR A, AT A I SRR MR AR
HEIISE AR Zn B2 AR T R
MBZ S e TS S A S22, BT 45 SR P 6 B, 1516

554 K
= 1
Eﬁ 563 K
z 50 K
= 542 K
2
4] 65 K
2 /\/-\ﬁ\—-_(;)—_
k=
593 K
/\N
1 1 1 1 1
300 400 500 600 700 800

Desorbed temperature (K)
K6 AfF] Zn 5 Co-Zn-B 3F fhas 5 S AL

19 H,-TPD &

Fig. 6 H,-TPD profiles of various Zn -content
(x2.» mole rate) Co-Zn-B amorphous
alloy catalysts
(1) x =0% . (2)x =0.5% ,
Bxzm =1% ,(4) xz, =5%
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Fig. 7 XPS spectra of Co-B(a), Co-Zn-B(b) amorphous catalysts
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Promotion Effect of Zn on Amorphous Co-B alloy and Their Catalytic
Performance for Selective Hydrogenation of Cinnamaldehyde
to Cinnamyl Alcohol

LIU Zi-li"*, LIU Qi-hai®, WANG Peng-hua’, HUANG Peng-mian >, ZENG Ling-min*
(1. Chemisiry and Chemical Engineering College of Guangzhou University, Guangzhou 510006, China;
2. Chemistry and Chemical Engineering College of Guangxi University, Nanning 530004, China;
3. College of Pharmaceuticals & Biotechnology, Tianjin University, Tianjin 300072, China;
4. Institute of Materials Science, Guangxi University, Nanning 530004, China)

Abstract; Amorphous Co-B and Co-Zn-B alloy catalysts were prepared by the method of chemical reduction with
KBH, in aqueous solution. Zn promotion effect to Co-B catalyst and the performance of the Co-Zn-B catalysts were
investigated by the selectivity hydrogenation of cinnamaldehyde ( CMA) to cinnamyl alcohol(CMO). Tt was indica-
ted from XRD and DSC that the presence of Zn could hardly change the amorphous structure of Co-B catalyst, and
the peak of crystalization heat of 1% Co-Zn-B catalyst was 15 K higher than Co-B catalyst which revealed that sui-
table Zn-content was favorable to increase the thermal stability of Co-B catalyst. On the profile of H,-TPD, a new
H,-desorption peak was observed at 655 K which showed that a new H,-absorption site was formed. The results of
XPS showed that the Zn composition elements of Co-Zn-B amorphous catalyst were all existed at both states of re-
duction and oxidation. This chemical shift of binding energy caused a deficient potential formed that was equilib-
rium on the whole, but the electron distributing was unbalanced on part. The effect of the coupled absorption of this
dificent site to the side-bond of C = O group and the polarization effect of the oxide metal of Co-Zn-B catalyst to car-
bonyl increased the selective hydrogenation of C = O group of the catalyst. The reaction conditions and stability were
also investigated. The optimum reaction conditions was determined as T (temperature) =413 K, Py, (H, pressure)
=2.5 MPa, and t(reaction time) =3.0 h, and the highest yield of CMO reached 84.0% . The stability of the cat-
alyst is excellent.

Key words: Amorphous Co-B alloy; Zn; Cinnamaldehyde; Cinnamyl alcohol; Selective Hydrogenation



