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T Be A9 0. 35 mol - L' /i NaBH, (AR, Sigma-
Aldrich) 759, #1824 h J5, HEE KRR
PIBR L B i ki 2 v . I St —
W, SRIGTE 80 C FHEF 12 h, RIS Au/y-Al O,
fALFIIFiC A IR,

R DR AP IR Yot — 30 it 12k o 5 B 2 7R 4 e Ak )
IR y-ALO, AR —E R LB F KT,
PPl 2], A —E &Y 0. 01 mol - L (Y
SRR, SRJG A 1 mL 0.03 mol - L™ i
KR (AR, Sigma-Aldrich) 5%, WINHE R 0.1
mol « L") NaOH J&#, AR pH £ 7, AR
HA RS T BT A 0. 35 mol - LA NaBH, I,
FE 24 h J5, 28BS PRk IR L& 11
BHEEZREPE BHOBEERE K, R5THE
80 CMHLT 12 h, RIHITF Au/y-AL O, fik5 IiC
4 LIR.

1.2 {EFISRAE

PEAGTA R X SR AT 56 U3 (XRD ) 75 H A< 1
Rigaku Ultimal VI F#47. R A Cu # K, (A =
0. 15406 nm) %8 1 J5, 45 H JE 40 kV, 45 H 3 40
mA , HHEE 20=10° ~80°, HHi55# FF 8°/min.

TR 7 B (TEM) 2R I H A i ik X 25 4t
GM-1210 R B AlBE AT, I e 28 200 kV.

X OG- REIE 73 A (XPS) 7E9E [ VG /43w
A7 %) ESCALAB210 St Ffig i % Bl 2, R A
Mg K, #, Th3R 4 300 W, REEZEEH 10" Pa,
DL Cls(BE=285.00 eV) Jin LAKG . R4 21 (1 B g
JH XPS-PEAK4. 1 23474045, HBLE T XM
5 2 B S AR A T T A B

ALY Au & it H AR H S22 |l A7 1
HITACHI Z-8000 %% & ffs 't Ji 1 W4 66 B 3
(AAS) A, JTHLE S mA, BRI M 0.2 kg/em®, )
RSN 1.6 kg/em’®, Au IR EIEK K 242. 8 nm.

PEARTRI Y N, 4 20 BRE- M5 BAF E 56 [ 22 5 20 )
ASAP-2020 %Y L R I FLRIFLES A 43 B A I . 8 %%
$#0.06 g fEfLFIZ 110 CEHABAAH 3 h, AR5
1E77.0 K A N AT S AW, P/P, ££0.06 ~
0.30 Z[a], F 8 mi BET BIRITH5E45 244k 77 /Y LL
FmH.

AR THE B (NH,-TPD ) 434 75 5 [ B
¥ (Quantachrome ) 2\ ] Chem BET TPR/TPD {k2% 1%
FHAXC B 3EAT. K 50 mg fEALHR & T RN AT, DL
4li He 25/, 300 °C %430 min, ¥H1%E 80 CJ5,

MR NH; A0, Fm A He WA H 254 HLI Fff 1
NH;, LA 10 “C/min {3 R THE 2 800 C HEATHEF
THIRBERY, B TCD FEZ A
1.3 EFIEEITN

HIRY) 0.25 mmol ZKFHIEE | 2.5 mL R fifife (ff:
SN B3R 20 mg fEAETAINA 2] 20 mL B 4]
W BCRE 7 e e, SIS FE B K I 2 46 5 iR BE I
JO7 10 h. KON S8 HE S 23 Ak g A A [l
SORE 4 T B e GC-2014 B AR (354 70 A (FID
B KRN RS, HP-5 BB AN AE, SRR 290
C, FEFTHML, BEHERE 300 °C, ). RISMRIE
AT RE R I

2 RS

2.1 EUFIRIELR

2.1.1 XRD Z55R 7 Hr 1 o iR A AR 1Y
XRD %R a0, AR 2 1 20 =45. 92,
66. 6°4b H BLSEALAY v-AL O; FRALATATIE , IR
PLy MIAFAE, HA5 A SERE. A5 IR £ 26 =
38.2°,44.4°, 64.6°, 77.7°4b H Pi%14 (JCPDS 65-
8601) , X f & Au fy (111) (200), (220),
(311) fiyTfi. fiEfE77) LIR () XRD 3% & o 2ok 3 #1
Au FPFFRERTS U, L] Au 2 UL/ IVREAR 5 B 0 B
TRUA .

Au(111)

Au(200) Au(220)

Au(311)

Intensity

200° )

[zl 1 7'A1203 U\&4\|ﬁjjﬂi’?ﬁﬂﬁﬂ’ﬂ AU/'}"AIZOB
fEALFRIY XRD 3%
Fig. 1 XRD patterns of y-Al,0, and Au/y-Al, 0O,

catalysts prepared with different methods
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2. 1.2 TEM Z52R 54 2 J AR ) TEM
MR kiAo A, il AL, fEAEGH IR Aok
BRI, BRIk E)] 16 nm, X5 XRD 315
H R REAR A SR A — B i T 20 B 4R <
KiAfE XRD 55 AR BUAFAENE , FF TEM f& A
TR IR b B B UKLk AR, e BBR
WIRAR A1, HEALT) TR BORLAR A R B PTE S ~

8 nm. [AIREGHHALH] LIR Ha ok 4 0B 2 4045 1
FRFE, B2 EBAERTE 3 ~5 nm, HAKSTE
ik AR A). DL RS R R, (R AL R
LIR i 5 acd ot o % g 2 B T 1 o )
A I B G 4 TR 14 A 5, 0 K 4 YU 7E 1 y-
ALO, FRYMES B B k3. X X% 1 ) 7E
FUR ISR 18 AR A A

50

Frequency/ %

2 4 6 8 10 12 14 16

Diameter/nm

Frequency/%

Diameter/nm

K2 Au/y-AL O, fiEALFIIY TEM B SoRiAZ 3 A
Fig.2 TEM images of Au/y-Al, O, catalyst (a) IR(100 nm) ;(b) LIR(50 nm) and Au particle size
distribution of Au/y-ALO;(c) IR;(d) LIR

2.1.3 XPS 4 K 3 H Au/y-AL O, fE4LFI
XPS &, FJLVE H, AR IR DL AL LIR 4y
G 84.0, 83.7 eV 4b I k0G| X Lk I )R
F A’ 1 4L, I, X F I RIEFEAS [R5 Y
Aw/y-ALO; |, &#ED SRS AAER. ik
I LIR 1) 4 @45 A 66k 83.7 eV, (KT CHk{A
(84.0 eV)Z-0.3 eV, X[ fEsE i F LIR | Au hi

TR, 0 Au JEFROR 2, FEALBUIN, T AR
THhk

2.1.4 tLERMEFR . AAS f NH,-TPD A =1
Aw/y-AL Oy TR LRI AL, IR O R i < 52
P 28 5 ) A2 45 2R y-ALO, Fe R T A D 204. 1
m /g, ELHEERT-A LG A I HEALTR] IR (Y Lo 3R 1
BN 204.8 m’/ g, VS 06 2 IR 11 45 11 4 A9 LIR
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PR 201.3 m*/g. KU J7 ik f 4k
G, AL A e R I R B B A R e 3K
Phy-AL O, BRAGERE N 0. 41 mmol/g,,, , 5T FL%
Bt-ib J5 ik i A B A ) IR B R RO R
0.38 mmol/g,,, , M4 R PR 45 i -id D 32k il 45 1) i
K3 LIR 19 PG BR 4 0. 39 mmol/g,,. fE ] %
A, AR PO R E LA k. 4R
W] AEALTRI R LU AR | IR PO R R O R 32 B 7 A
JIE B R AR IR B hOK 4 SE PR 3
3.3% EALF LIR &4 i S2Bp 0 2 AR, 2900
2.9% HIHEIT Au FYBIE T8 3% . dit el I,
AN [R5 3 6 A TR0 A 2B T e 5 B 1
BHESEAAANE]. FRATE M AR RE Y HEAL.

Intensity/a.u.

LIR

90 88 86 84 82 80
B.E./eV

Bl 3 AN 45 19 Au/y-AL O EAETHIRY Au 4f XPS §
Fig. 3. Au 4f XPS spectra of Au/y-Al,O; samples prepared

by different methods

R 1 AR & 77 % B ) LT B B AL 22 o

Table 1 Physicochemical properties of the catalysts prepared by different methods

Samples Sper/ (m* + g7) NH, desorbed/ (mmol + g}) Gold loading /%
IR 204.8 0.38 3.3
LIR 201.3 0.39 2.9
y-ALL0, 204. 1 0.41 -

2.2 EUFIREEEN

2.2.1 ML & s R IR RE R I H
HEALF IR | LIR 4351 FH Ak 2R F S 5 1 4 P
TR R A 2, DL LIR A A Ak 70 ) 245 B s 7 Ak
Rl 55 94.0% , KH R Mgk Bt N 98.5% , 1E
Tohd ., wH . TTHAM RS M A TR TR

RONVRIEEE R, KBELR Auw/y-ALO; EAIKRE
TR RPRE A LK S HOR S % 5 e i 3 i AL Y
HENR. TR N AR 104 ik il 5 14 4
TR AR R, SRR 7. 1 nm, A R H
K, s, MATE TR ER, A R
PRI AR50 8 I 32 ) 8 B R oA 5N B R

U HEAE TR BEs IR AR 0 AL R I, e b R A0 392), HEALTE PREchr.

17.0% , A4 B 2 = My 0 e . i X e —

R 2 ARSI & & FT R LR AL e

Table 2 The catalytic performance of the catalysts prepared by different methods

Catalysts Conversion"/ % Selectivity /%
IR 17.0 66.0
LIR 94.0 98.5
y-AL O, 0 0

a. Reaction conditions; benzaldehyde (0.25 mmol) , ethanol (2.5 mL), catalyst (20 mg), 65 °C, 10 h; b. the conversion of

benzaldehyde; c. the selectivity to ethyl benzoate.
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2.2.2 GREEECIERERE I K3 EARE
<o SR O R T R EL R IR AL PR RE I R2 IR FEAR BT
H, BAR y-AL O, A HA ALIE I, &0

1% I, 54680 23.7% , BEF & N 3%
W, FARI R T 94% . SHELT IR R
3% W BRI 1 RAF A HEAL TS 1k

xI AR HBEXELF Av/y-ALO;(LIR) B IERERI I
Table 3 The catalytic performance of Au/y-Al, O, with different gold loading

Entry Theoretical loading of gold/% Actual loading of gold Conversion"/% Selectivity “/%
1 0 0
2 1 0.9 23.7 89.5
3 2 2.0 72.8 96.3
4 3 2.9 94.0 98.5

a. Reaction condition; benzaldehyde (0.25 mmol) , ethanol (2.5 mL), catalyst (20 mg), 65 °C, 10 h; b. the conversion of

benzaldehyde; c. the selectivity to ethyl benzoate.

2.2.3 SOt R RS TR Xk i AR A A A BE 1 R T
HIIE 4 RTA, RS AR T U R PR 3 1R 5t
ik i AL TR LIR XK B 5 e S o AR 1 i
E A7/ ibE ek i NAIN A I DI TTRE D) eS
e [N B A BN I [ B S, B B SE 4. 53
S, BN A A B B it BE A S TR, 3%
WA SN R W BRSO, RS D 45 CC, )W 10 h
JEHALRALN 50.0% . FEF IR THE, 28 H IR
Tl 35 . IR B 65 °C B, % AL R R R

100 100
o —
—i 99
80 | 98
v 97
S
2 60| 9%
£ >
2 LI
3 2
40 494 3
-— 93
20 } 92
91
0 2 4 6 8 10

Time/h

P 4 AL AR AR Au/y-AL O5(LIR)
AR P P g A F) fRE AL P FE
Fig. 4 Conversion of benzaldehyde and selectivity of
ethyl benzoate on Au/y-Al, 0O, at

different temperatures and reaction time

R CERIEFENE ST 5 94. 4% F1 98. 5% . & FE Tt
w3 75 CHE, FRALRICHA W3, (HikPerk TR,
P, 65 °C o #56E R W iR

2.2.4 RFEEIEET AL ERE R AR
{7 LIR 1k 2 i 55 HAth g o e e 7 1) 32 R 4
Fl, il RS . OB IENEE ., SN IE T R
FABIRNARZR 25 SO0 B 55 C i, 2R T
SN, R AL RIA R 81.7% , HIW=
P SEPE R 99.3% , FEMIFIRNERE T, AR EY
LN, RH AL RIRE] 73.0% , YR
PR 98.7% KB 5 SNEE . SRR, IE T B
FE 65 CF I, 2 I A% Ak 2R 43 ) BT LA 3k 3
95.3% . 89.3% . 84.6% , H W=k #bt R 55
FE96.0% LA 1. Ui BAfEAEF] LIR H 40 5 i 5 HoAh
it s P i A B B AR AT ) A .

2.2.5 ROVHLERERTE  NIRTTR ML, H R
T 430 B U SORT U i T RO AR &R P A8
R IERAARAT, AR E] =928 B R L1 ;
5 SR, Al AU R H I AL SR AR
H R TR A e R R A W S A X e 9% S o ok
BAEANSS, ma P AR LS.
KT, AR R REPES QRN HZk
AERGIN 2 7= 2 B R 2185 100 IR 3% S 1y 3 A 2 ik
AR AL A A BRI T, 45 & S5 25 s
AR 11,19-20 1438, 2 521 i AILEE AT g n =Xt
IR, BIZEH RS 2B N A B AR, AR AE N
KEMALFIE T B AL SR R O .
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% 4 Aw/y-AlL O, ( LIR) 722K RS 5 A< [5) RS B B B 1R e 1L S R P B i 4L 14 B
Table 4 Catalytic behavior of Au/y-Al,0,(LIR) in esterification of benzaldehyde with different aliphatic alcohols

(‘)‘

Au/y-Al,0,, O,
— CHO + R-OH >

— C—O0R

Entry Aliphatic alcohol Conversion‘/% Selectivity /%
1 CH,0H 81.7 99.3
2 CH,CH,OH 73.0 98.7
3" CH,CH,OH 94. 4 98.5
4" CH,(CH,),0H 95.3 99.0
5" (CH;),CH,0H 89.3 97.8
6" CH,(CH,),0H 84.6 96.7

Reaction conditions; benzaldehyde (0.25 mmol) , ethanol (2.5 mL), catalyst (20 mg), 10 h, temperature: a. 55 C;

b. 65 C; c.

@ CH,CH,OH @ /
—CHO ———————> —CH
AN

3 &it

PGB -0 i il 45 17 02 2 4 K 4 i L R

il 7L A SO A B A o A AR
HRER IS 2 R T LAGRE SR oK S URE A 14T 3 BT ]
RGO RLAR 2P ATE 3 ~5 nm, EZA -
FREOP I T A AL Aw/y-ALO; fER

}-:_'S:\
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Synthesis and Characterization of Au/y-Al, O, and

Its Performance for Direct Esterification of Benzaldehyde

ZHANG Yu-lin, BAO Zhaorigetu™ , BAO Yong-sheng, WANG Jiang, ZHANG Chun-ling
(Inner Mongolia Key Laboratory of Green Catalysis, College of Chemistry and Environmental Science,
Inner Mongolia Normal University, Hohhot 010022, China)

Abstract; The catalyst Au/y-Al,0,(3% ) was prepared by the impregnation-reduction method. The catalytic activi-

ty was evaluated by the direct esterification of benzaldehyde. Both the conversion of benzaldehyde ( ~94.0% ) and

the selectivity for ester ( ~98.5% ) can be obviously enhanced over the Au/y-Al,O, prepared by the impregnation-

reduction method with Lysine protected. . The major factors of catalytic activity were investigated by X-ray diffrac-

tion, Transmission electron microscopy, X-ray photoelectron spectroscopy, low temperature N, adsorption. The re-

sults showed that the small and well dispersed gold nanoparticles which were prepared by the impregnation-reduc-

tion method with L-Lysine protected is the key to increase the catalytic performance for esterification of benzalde-

hyde.
Key words: gold catalyst; alumina; benzaldehyde; esterification



