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1.1 EUFIR T &

FT AR AY/SI L, TSR R FREUE L
KE SRS (AL(NO,), - 9H,0) 5 IFE i R £ ik
(TEOS) , ¥ HE i TIoK Sl Behl Al 5 Si &
JEE IR BE 0.3 mol/L BIRA WL, 80 CHEFERMT
MU 1.5 h, [ H A AR 2K IR 7R & pH ik
7.0, N — KRS S S B, wE A
12 h. 2260 °C EZ T4 10 h, 750 C FR5HE3 h, 14
FIHA AR FE A S rE R A A J LY. 78 R
I, DIHRR S LB RN R BUR, RS R BUR
vk, 1255 8 30 min, 40 °C EL235 42 12 h, 400
C MR 3 h 153 Ze A3 1% Zr0,/810,-A1, 0,
AL, BRIl Ze/Si-Al(x) , Ho x R 5481k
Yirh Si/Al IEEJR L.

1.2 EUFIHRAE

AR %) b 3 T B RFL 40 A 0 52 7E- Micromeri-
tics 23 A ASAP 2020 %44 B B[ 347, I3 R
FERRZE 150 C B A NALHE 12 h, SR)GHE-196 C
TR AU M. FH Brunauer-Emmett-Teller FEit
( BET Bi&) ik it S fb At 2 m AL K48 Bar-
ret-Joyer -Halenda ( BJH ) 77 i 1 5B AL 57 19 FL A2 43
Aii 28,

X-ST4& AT 47 ( XRD ) 7€ 7% [ Bruker D8 AD-
VANCE A5 X 5520 M R A7 S £ 47, Cu K, 5F
e, 0 = 1.542 A, T/EHJE 40 kV, T/EH
40 mA. J7 A XRD MFIHETERIN 20 =10° ~ 80°,
RN 5°/ min. /N XRD BT ELR 260 =
0.8°~ 10°, F4#iH#H 0.05°/ min.

ZIAM G (FTIR) 43 A7 76 75 [ Bruker 28 & 1Y
Tensor 27 BILLAMNEIAAN EHEAT, KBr &R, S
[l 400 ~ 4000 em™', Z3HE%F 4 cm™'.

1E 35 [E Micromeritics 2y 7] Autochem 11 2920 %1
P22 FFHY - 3EFT NH,-TPD I 5 . FRER 0.1 g FE &
(0.450~0.280 mm) , S ATF 300 C AL FE
F 100 C W FH AT NH,J5 LA 10 °C/min F4E R i
B NHL , 3 TCD 60 756 0 3 Bt NH, .

M E W B 17 21 1 ' 350 22 76 4% 5] Bruker 23 ]
[ Tensor 27 BYLTAMGIEAN AT, B BTl iaRe i s
EAEN 15 mm AR (6 ~ 8 mg/em®) , R)E
BFARERNAST, EEES RS, FEMZ 150 C,
6.0x107° Pa F5fF T IS TGk, 2 I 0K B itk ne 2%
TRETAH, F528 200 CUBUEMLE 2 2.0x107 Pa, F#
2R A A I .
1.3 L BTN

B 0.3 g RS T 30 mL SN EE, #%[F 0.1 ¢
HEALF A A S 100 mL B R A, %4
Zik, UiEmali N, B2 5 KE, B2 1.2 MPa,
Th 2 it i R, TR SO I e IR SR
16 7890A SAH TN = Wy kA7 2 14347, FID A3
%%, HP-INNOWax £ 445 @ 3% & (0.25 mm x
30 m) . AAERE (CAL) /r PR &HRH . ¢ =C
K C =0 R, 2 MPV ¥R insdid, B
H 5 7 ¥ A A BE (COL) 4b, & A7 S Ak N kE B
(HCAL) . A fb P EE B2 (HCOL) DL K Bk 25 1k & 1)
1A -2-TN LB (CPE) , NEERSFEIL R 4572
VEPRPEMIT R R AT

CAL #Ab% = (1729 CAL BE/RBU/ Wk I

B CAL BEZRE) x 100% (1)
HCAL #E£:M: = HCAL BE/RE/ W J5 B A 7=
VIR EE KRB % 100% (2)
COL #&#:1E = COL FEIREL SV J5 T A 7= )
PEJREL % 100% (3)
HCOL &£ = HCOL EE/R B/ I b I fir A 7
VIR EE KRB % 100% (4)
CPE #%E4#51%: = CPE FE/REL SN G T A 7= Py
JEEJR% x 100% (5)
o
P RN
+H, HCAL
o OH
+I> Q/V\OH+H2
COL

BI7s 1 ARRRERE RS I s L
Scheme 1 transfer hydrogenation of CAL
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Fig.1 N, adsorption-desorption isotherms of

7r0,/810,-Al,0; catalysts

HELLAN, B AR AL % 8/ Z/Si-AlL(50) 7 p/p,
0.8~ 1 4 DX s At BRI g A BT T Js, J TV B 4%
TRLR, RPN A B FLEEFRAE | %00 5 IR p/
p BT 1B, 782 BT, IERBIE G, RIS
e FLRT AR, FERTREAZAE KT 50 nm 1)
RALGER T Al &R, Ze/Si-AL(10) E I IV
TSI ZRHRAE , (B 5 Zr/Si-AL(50) H LG, 250481
W BE R B S, L B IS R p/p, YR BE
EE 0.4~1, KRS BB T REFLBE/NHAN
Ly, HEMZE T AL ST ARLE T Sio, B+ 11
PR, R0RE RS /N /IR ORE HERUOE B T A
FLEEFy. PE—AE1 Al &8 Ze/Si-AL(2) 7E p/p, N
0.4~ 1 JEEPN WL | AR LI B TR, 2 AL & i
B Ze/Si-AlL(1) B, A FLEEFLTIE S, A2
A LA P RRIE Y T RO AETRER , HETE R AL & i
B, Al AR RERE, ET L.
BEShFLASH B AE AL, ASALERAE T W B 45 T 2
AR A e R m A, fLE &R,
I R 08 o S R S B T AR B T AR S 2 S
B, SR FTLUE W, B AL S5 3G (R
Si/ AL FERIE/IN ), FE i B4 H 3R i AR S B S T e ik

% 1 Zr0,/Si0,-AL O, E W FI KM RS E R B KR

Table 1 Texture parameters and acid properties of Zr0,/Si0,-Al, 0, catalysts

Sper v, D, Acid amount
Samples » B/L
/(m* - gh) /(em® - g™") /nm /(mmol + g7)
Zr/Si-Al(50) 258 0.94 12.5 0.23 0.01
Zr/Si-Al( 10) 562 0.86 5.2 0.57 0.02
Zx/Si-Al(2) 433 0.61 4.5 0.64 0.02
Zx/Si-Al( 1) 361 0.19 2.3 0.72 0.03

Spgr: the specific surface area; V,: total pore volume; D, : pore diameter

AN RS T FLARBURSE 8 L AR M RS20/, Ze/
Si-Al(50) HA f A iy Hb R IR 258 m* - ¢, Fllix
KIFLES 5L, 3908 0.94 em® - o' 5 12.5
nm. Zr/Si-Al (10) Fe 26 Th ALK R B i & 562 m* -
g, LA S IALAENE 0.86 cm® - 7' 5 5.2
nm, FFH/N B FLIE S5 48 T LU LB £ 1 e e T
I, ST Eb 2 TR A B84m0 PR R L 2854 Tl 5 /N A
FLEsH e AR, S — 80 AL Fr i, HERmE . AL
75 LT, T8 Zr/Si-AL(1) 4391553 361
m® -+ g 0.19 em’ - ¢ ' 5 2.3 nm, HEFHIAEA Al

Yidh B B RAEL A FLIE .
2.2 XRD RAE

& 2 ASTE SizAl Fb B Zr0,/Si0,-AlL 0, XRD
El. FTLAE Y, BrAREGTE 20 =~ 15°~30° AN
I TR AT S, )8 T E B Si0, 11
FRIERT S 0. BlE AL & 2 A9 T+ (B Si/AL HE R
%), SiO, FFRFIEAT ST 0Esm BEREAR, HILAT G0 &
Il 20 f 7 kR, RUI AL 3EA SiO, 1Y W 2% 25
H, BT Al Y5 Si iR M S, fi
SiO, I A B 25 8 K A /N A2 4k, S SizAL & T 2
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Fig.2 XRD patterns of Zr0,/Si0,-Al, 0, catalysts

Intensity / (a.u.)

if, AR Sio, B ERAEAT 51 0%, Si/Al LR 1
B, 7F 20 = 12° &4 3 T 208k (020) B9 FRAEAT
G X —ZE LR K AL SR, AL Si ]
BAFEFKFWES, 0 Al SR E—E R,
ALY A B RAE. X — IR THRRSC T 5 Al
PR AL YR RAE S LI S5 5 ZE. TET A A
i P ETAT ER BT 2 Ze0, FRIEAT 06, 36
W] Zx0, LIAK S B 73 BUBEAEAE T Si0,-AL 0, % 1, H:
AL RSN T XRD ARG FR.
2.3 FTIR R1E

3 ATE Si/Al LAY Zr0,/Si0,-Al, 0, Y FT-
IR . fhE AT, IR AL O, & &1 Zr/Si-Al1(50) 3
5 4 Si0, A %ﬁEE’JP‘%/}’SI ,YFE1100, 810 LA K

I/
Zr/Si-Al(1) 600

1060
e /\/
Zr/Si-Al(2) f /\,\/
m /\
—

O\
L

1100
I I 1 1 1 1

4000 3500 3000 2000 1500 1000 500

Transmittance/(a.u.)
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Kl 3 7r0,/8i0,-AL O, ALY FTIR 75
Fig.3 FTIR spectra of Zr0,/Si0,-Al, 0, catalysts

470 em™ b3 B 4k Si—O0—Si SOW BRI 45 4R 5N
WU | Si—O FERTFRIP AR IR B LA K, Si—O 5
PRSI ) B AL SR AR, SRR
£7TF 1100 em™ AbAY Si—O0—Si HE SN Wi % A B i
A, AU LA B AL, W B I
BEFE S, Si/Al A 1B, IXIEZT 85 2 1060 em ™' Ab.
X —FRIELE R, EH# 1 Si0,-AL, 0,91, Al,O,
HEA Si0, W 25 45 kb F 2R Si—O0—Si i, FFIE A
Si—O—Al #7223 5 XRD HF ik AL O, & A
TG AL O, fTSTIEAS SRAR— B0 Frake il L shE A
¥IHE 600 em™ WELRN A JE By 70O, Ze—O B 55T
Wi, FAMRETET AN Zr FEELL 70, /N A
HEHTE AT Si0,-AL 0, 1.
2.4 NH,-TPD % Py-IR A

Kl 4 S AA SiZAL R Zr0,/Si0,-Al, O,
NH,-TPD K. FHEIFLIE i, 76 100~450 °C IR

Zr/Si-Al(1)

Zr/Si-Al(2)
Zr/Si-Al(10)
Zr/Si-Al(50)

100 200 300 400 500 600
Temperature /°C

&l 4 7x0,/Si0,-Al, 0, 4L 511% NH,-TPD &
Fig.4 NH;-TPD profiles of Zr0,/Si0,-Al, 0O, catalysts

NH; Desorption/(a.u.)

JEDX RPN, g3 B G i NH, BB g  ELREAE &
o AL O, &5 5 Y38, o B g T AR i 14, i A
LT P AFAE 55 R 5 P FR P oLy, BRELRE A1,0,5]
BB K S ALFI G Py-TR FRAELE
it — IR, &R b B gL E] 1458 cm ™' b
HJE R LR POy, 1546 em™ 208 h B R 0 LA
K 1490 em™ &b L 5 B B2 o0 6 [ VR H A RRAE W Y
W, LRSS B R PO 21 N B0 114) AR X6 538 58 R LA
KL, TERARIYILL LR E, FFE&FLEN B
fRrt. B AL B RIAYIEIN, LIRS B MR YA
B, X5 NH,-TPD 455 —%(.
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/\ / —i— CAL conversion
. § 70 I —%— COL selectivity
-~ Z_HSI;A,IQ)\ & —O— HCAL selectivity
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2 2 L
< E 30
z 20}
<
Q
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. . . o LE= 7 X
1600 1550 1500 1450 1400 Zr/Si-Al(50) Zr/Si-Al1(10) Zr/Si-Al(2) Zr/Si-Al(1)
Wavenumber/cm~! &l 6 7r0,/Si0,-Al, 0, f# k5 - CAL
Kl'5 7r0,/8i0,-AL O, AL A Py-IR 4] HEALI RS In & R

Fig.5 Py-IR spectra of Zr0,/Si0,-Al, 0, catalysts

HREFE i NH, IR i AR & Py-1R B+ 545
B THEAERRRE X BIRS LRI ELE, 45585 F
1 AHRTEIET LA, BEE ALO, &Y
T, i 4 R e IR TR N ) A . Z:0,/Si0, -
AL O, R ME—R 43K A T Si0,-AL O, B WA &,
3ok H T R Ze0,. 18 Zr i E RY ET
T, B AL O, T3, MREN N EZEH Sio,-
ALO B &R e . fEErR RS, A
eI R MR PR T AL o ik 42 DU Tri AR 25 F v Sit i
[l A AR . R T LA AN ST, SfelT AL B H far i 9
T IER AT HOP Az i g, BT B R
Huls s BCOREANRAT ) AL UIE B0 89 LR o7
LEAHIRAY FTIR F#AE, Si0,-ALO, &YW T
¥ 5By Si—O—Al #E, BE AL, O, & & 1Y 8 i,
Si—O—AB#ERIS £ | IRENIN. WlEX T4
BI5I Si0,-AL O, AWK UL, LR L BRI A B
WAL G 2P A B R HoG. SOk #RGE 19 B/L
LB H7E 0.2 L b, BRE SRS RIRES
AL O, B n] LA X — e il B F B, (EATSAR X3k
FNFATLHH B/L KT 0.03 By HAE "', X Al AEI
2Bk AR 2o BUR THAE B B0 1Y
fRBAERE N B RO RIE TR, H 70, PR
PEH L SR IR T 2, KB L OER, MO {15
7r0,/Si0,-A1,0, FE LI L BRH.0o8 F, i B BRH O
e,
2.5 L R Rz RE

K65 T 7r0,/Si0,-Al, 0, fi 465 |- CAL 4
REERE I W Y CAL %% Ak 23R 5 45 7= W e R4

Fig.6 Catalytic performance of transfer hydrogenation of
CAL over Zr0,/S5i0,-Al, 0, catalysts

Reaction condition; 0.3 g CAL, 30 mL isopropyl alcohol
C,H,0, 0.1 g catalyst, 130 °C, 8 h

5, Al LUE Y, CAL ¥ 8% &0 ¥ 2 45 HCAL,
COL, HCOL, CPE, Ht HA5™4 COL N £/,
PEREVETE 77% L) L, HK N EI=Y) CPE, TE 16% LA
T, HA4YEI=% HCAL, HCOL ¥J7E 5% L) F. X —
SZERUL | 7r0,/Si0,-AlL O AL FITE CAL HR A
AR ORI B T, T E TR C = C i
MITEOL R SE C = O B s e B I A, 315 «,
B-ANHRIFNEE. X A AL 2 B, Bl AL O, & i3
hn, CAL Ak S eI 5 /MW a3, i 7/
Si-A1(50) 1 18% /e 47, KUEIEMZE Zr/Si-A1(2) 1Y)
2 83% , Jo MR Zr/Si-AL(1) B T1% 5 4. 52 H
XTI, COL e SIS msl b 5 A BT ot i
e, 1M CPE Ze 4%V ) 52 B0 SRS A 55 5 B AR 1
K AL O, SR Ze/Si-Al(50) BN COL
P 85% , VA AR EY CPE ¥E£EME 10%. Zr/Si-
AL(2) WM AR COL SE8EE 77% , Mt i
CPE #EH#1 16%. HCAL 5 HCOL iR AL O,
TR, AR, BWYERRAE 1% ~ 5% 135
Fil .

SEA SCHRARAE T PR RE I B R I &
BRI R L RO LEAE H R, AN
W&t Hyi ko H Ry, iR 2 ok,

L 22 0o 38 e X PR P D S5 DR B 0 PR AR T
B, e ST, SNBEETh A DB FIES A
TSR N R R R R, S N I S AR AR
i, AR HJEF, C = C WinEEs
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Lewis acid

o~ \0

(R: C;H~CH=CH)

H

Transfer hydrogenation

FI7s 2 AEERERE RS I LB
Scheme 2 Mechanism of transfer hydrogenation of CAL

FTHNE], Hom YT HCAL M2 HCOL & = p . M
ZMEAC R LA T E A S LRt
(RSO A AR G, L T R, B AL O, 7% S Y
I, AR ARSI, CAL Ak Zdu it 2 54 fin iy
M. A AL O, & BB N 28 KAE B, Zr/Si-Al
(1) BAREA 2 R B, (R CAL F bR
AT, SXRIBR T AR IR i LLAh, i fE7E
by £ 790 5 P 1 TR 2L 4 S 0 A R AE 2
3, B ALO, SRR, EAFIFLARZETE N, o
HIZ Zr/Si-Al( 1), HAPEELARICN 2.3 nm, FEDL
TALESFAAEAE. Fa e HE 0 AL AR 0/ N B T 43 7 1Y)
B T7, SRS B PO R R A, RISk
LB R Y 235 22138 | RO, &
LRH Zr/Si-AlL(1) BR i BRI, {0 CAL 4 1b%
ST REATR.

WM, COL 5 CPE By RE#: 1k 5 ik ) 3
AFRISAIAE G, L M2 COL G PEL, B IR
Hu 2 COL #E— 25 15 S N B A& /0 ik Ak S By A=
i CPE! . ZEHI4 1Y Si0,-AlL, 0,8 &%) i i 12 35
ESIA 2" 15 Si0,-AL 0, AW R TN B R
O, DTG T B E SR, 3RS T
COL EHNE. FMEAL I H AL O, & HAY3E N, COL
EPEME NI, CPE BEFEMETE &, 454 NH,-TPD Al
Py-TR FAFZE T, i b B 4 19 & A= — 5 T 2
FHE e S RAEWETE T, ALO, & =R INAL
fifEAL A L RO, R B R A B
B, BREELE R N6 PR O B B 5 — T B
ALO, B &34, CAL FeAbRTb e, A3 Rk &
COL ByZaxtve BERA N, 75 B R P .ORILE N A
L1 COL HAbA4 1K CPE, f4AE AL O, & H
() Zx/Si-AlL(2) H' COL Lk 2 e /M, 1 CPE
PEBRPE IR B i KAl AL O, & gk — 2548, Ze/Si-

Al(1) B COL #E£ME A BT F &, CPE #E#ET
R, X RIREV DR Tz e A 0 FLIE S5 04 B 52 e . G i
Bk, Zr/Si-Al( 1) LR/ NI L ZE R G TR
53 F RS CPE (774, it CPE £8P TR,
SHEAL T e B A Y Zo/Si-AL(2) , BFSE T 4k
R SRR ] | 2 7 i 8 X6 fE AP BRI 5 )
FEXHEA AT TR IR EPEH 22, 4R T
Bl 7. aTLUE Y, B LR R 38N, CAL $44k
RZEW T, COL K CPE X745 #3055 A9, HCAL
K HCOL FA /N, 76 0.25 g AL FH &I, CAL
ALK FN 95% £e 47, COL K CPE & #4431 ik
# 80% 5 18%, 1fif HCAL K HCOL & #VEFEE 1%
PIF. B 7(b) Bor, FON BRI IER: , CAL $ 1k
RBWT e, (LB =Y COL WPEMERFEE T, F
F=4) CPE , HCAL & HCOL Y4 AS[R]#2 B2 8, 56
AHTESE K 5N B (B) B, SR FE 4B 1 CAL B2 A= B
COL ¥t — 44k, A=A BRI =8). B 7 (c)
JINE i P85 KA A P B A T B 2, R TR R R
AFIT CAL W54k, (ARIFES 2 H b5 =Yk £ 1
(R R S B = R T, #E 180 °C A LN 4514 T,
CAL AL 34218 100% , {H H AR ™= Pk B0 A
B 60%. Li6y 4t Bk %1, 7F 0.3 g CAL, 30 mL
SENEE, 0.25 ¢ fEFLF], RO IREE 100 °C, S it
] 12 h 500~ , 0T TORME IR E 45, A
7(d) ATLAF H, #E 8 UAE I R i Ak R Y
CAL FALRZI8 FRE, H 96% T I%ZE 90% , BEH G
ULk SN 2 12 KA, PO NI E 713% 44,
R POE I, fEENEAR SRS, Bir™
Yy COL BEREMEFEATHE N, i 89% ¥ N2 92% /£ 47,
AR =P e Bk 34 2 AR T T B, DU DG 2R
R R O R AT R R AR, 1T
PO, AL LR T B



%6 W TS Z10,/Si0,-Al, O, AL A HERE MPV FH R m At fg 517
100 100 F
90 - 90 L
® ®
} 80 |- } 80 -
E 70+ . Z 70t .
2 —&— CAL conversion £ —&— CAL conversion
L 60 —k— COL selectivity S 60 —k— COL selectivity
b —O—HCAL selectivity b —O—HCAL selectivity
T S0 —v—HCOL selectivity T S0 —v—HCOL selectivity
: 40 L —4— CPE selectivity : q0b —4— CPE selectivity
= <
Z 30 £ 30
2 2
s 20 s 20
+———¢—4
6 4 < < 6 4—/4_/4/"
10 - 10
0 ?\?\7\9\9 0 —T T 4“\77 1 Y 1 Y
0.05 0.10 0.15 0.20 0.25 4 6 8 10 12 14 16
Catalyst amount/g Reaction time/h
100 F 100
90 W e —
¥ N d
S 8ot 3. 80r (@)
Z 70F E 0r —a— CAL conversion
2 6ol —a— CAL conversion 2 60 *—COL selectiv.ity
s —*— COL selectivity s —0o—HCAL selectivity
S S0F O— HCAL selectivity 2 50 ——HCOL seleFt}VIty
: rys —7—HCOL sele.ct.ivity 2 a0l —<4— CPE selectivity
S —4— CPE selectivity 2
£ 301 7 300
d e
s 201 = 20+
S 3
10r 10 <<
0 ! L L . 0= G0 -5 P |
80 100 120 140 160 180 2 4 6 8 10 12

Reaction temperature/°C

Cycle number/n

B 7 AR AR (a) . ROSERTEN (D) . RBIIREE (¢) . JEFRREL(d) X Ze/Si-Al(2) fB4E 5 CAL #6758 NS 1 RE 19 52 i

Fig. 7 Effects of catalyst amount (a), reaction time (b) , reaction temperature (¢) and cycle number (d) on

CAL transfer hydrogenation performance of Zr/Si-Al (2) catalyst

Reaction conditions; 0.3 g CAL, 30 mL isopropanol alcohol, 0.1 g catalyst, 130 °C, 8 h. On the basis of reaction

conditions, one of the variables was changed each time to investigate the effect of catalyst dosage, reaction time and

reaction temperature on the catalytic performance. The reaction conditions of cycle number experiment: 0.3 g CAL,

30 mL isopropyl alcohol, 0.25 g catalyst, 100 C, 12 h.
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Catalytic MPV Transfer Hydrogenation Performance of
Cinnamaldehyde over ZrO, /SiO, -Al, O,

GE Yuan-yuan'®, LI Hai-tao>, LI Jian-fa', CUI Cai-hua'
(1. Department of Chemical Engineering, Yulin Vocational and Technical College, Yulin 719000, China;
2. Engineering Research Center of Ministry of Education for Fine Chemicals, Shanxi University ,
Taiyuan 030006, China)

Abstract; Si0,-Al,0, composite oxides with different Al,O; content has been synthesized via sol-gel procedures by
using AI(NO;); - 9H,0 and TEOS as precursors. Then ZrO, was introduced by wetness impregnation method to pre-
pared Zr0,/Si0,-Al, 0, composite oxides catalysts. The structure-activity relationship of the catalytic MPV transfer
hydrogenation of cinnamaldehyde over Zr0O,/Si0,-Al,0,was investigated by N, adsorption, X-ray diffraction (XRD) ,
Fourier transform infrared (FTIR) spectroscopy, temperature programmed desorption of NH,(NH,-TPD) , and FTIR
spectroscopy of adsorbed Pyridine (Py-IR). The experimental results indicated that the hydrogenation products were
mainly cinnamyl alcohol (COL) and a small amount of 1-phenylpropyl-2-propyl ether ( CPE) because of the domi-
nant Lewis acid sites and few Bronsted acid sites presented in all catalysts. The Lewis acid sites and Bronsted acid
sites both increased as the increase of Al,O, content, while the pore diameters continuously decreased, which result
in the increase of CAL conversation at first and then decrease, and result in the decrease of COL selectivity at first
and then increase. At Si/Al ratio of 2, the catalyst has the best catalytic performance. Under the optimum reaction
conditions, the conversion of CAL reaches 96%, and the selectivity of COL is about 90%.

Key words: Zr0,/5i0,-Al,0,; MPV transfer hydrogenation; cinnamaldehyde; cinnamyl alcohol; structure-activity

relationship



