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IMV 3011) i H % 37 B2 Be 0F 58 B $2 45 HAuCl,
(Sigma AH]) ; y-ALO;: HLFRMIFI>200 m’/g; FLIA
. 0.45 ml/g; 58 98 N 4l >98% ; “F-Hkife
600 nm. (JLatiTAH).

UV-2550 58 40-0] UL 3 S O6FE i ( H A B e

%)), PerkinElmer Spectrum 100 {8 37 M- 7% . 2T 485
54 ( 3£ [E PerkinElmer A F) ), 2-16K 5 3 2 17 &
DAL Sigma 23 7)) , FDU-1200 ¥ R TR (7R
LS A A, JEM-2100F 37 % 5t 5 43 e s 5t
HiE ( HAS JEOL A W] ), FC-2002 FH A £ A6 I
I (AR BT R
1.2 EEFaF &
1.2.1 P i IR 5 Mb Zrggdiie HHAEES
( Methylosinus trichosporium ) 3011 £ [R 4 ¥% 73
HE RS 3 dCRBEIRIE 30 °C | SiEhki I 180 o/
min, 2Pt 0.5 L/min ), 58 3o B AR 2 A6 I
I g R R A B S R 0. 1 (v/v).

FHRE 5 T R I8 A IR IR VR R B BL (4 °C
8 000 r/min) HEL.L 15 min ZEREAR. B EJ2E ]
ERET 2.5 x 20 ¢m Diaion HP-20 E#74E. FH 2 %
AR LB KA T AR, 60% & FE /KA ATk
Jit, JE i 2 A R G Mb. Bk I R E i e
ARAHR, RIGRUR TR BB R, T30 C %
TR R S SR B Mb
AR X A
1.2.2 Mb JE{08 5 % Au/y-AL O, fiEfEF] 2%
PRI BE : KA AR y-ALO; BT 5 iyt v 500 C
Ribe s h, BT TR NR AR % A

PEAL R 1 4. ME TR R I S00 mg i 40 L y-
ALO;, SEZEBET HAuCL 17, 8T 30 CHREGAH
M, 200 r/min $%3% 1 h, H#5 1% Au™ /y-ALO;. R)5
BT HATHRAMART, @A RERSMA Mb )
(Mb : Au™ =1 : 1 mol/mol) FE47JFA1iL i, 70 C 7
SIREFERON 30 min. BEEACRILNE, LB TKFE0
Mk, BREE TR, AR E T 50 CHARN T
B 12 h, B 500 CA8 R P RBE 2 h, i1
A RAEIE R 1% Au/y-AL O5 HEALH].

1.3 TR R

1.3.1 TEM 2047 3k AuNPs Ri42 K /N FITE 5
K KAt o3 BEE S A TS, s
200 kV. TEM H& A A & B 200 4~ AuNPs 45 i H
HHAZ.

L3.2 FTIR 0o Mb R AWy JiGk il 45 /9 Au/

y-AL Oy FI I S7 A48 4 21 0 5 1% AR I HL 3R T
AEJE ]
L4 EAHEEELIE

A ARG A B SR A A A S B P AL 77
AOEALTS L. 5 = FUHEH (250 mL) B T it o,
P BT BE 1) JEL I A 2 B R B AR
AP T e i D 800 v/ min. i) S W R R N 4
mol/L NaOH $5 il KW (R 2 pH 2y 10, FFORFFEE.
LN 30% H, 0, , S il Pk A S AT, 72
P AR AR S min BB SOV, 12 000 1/min
B0 2 min RERMEATIICEIE, FIHDENE- =51k
T N PR B A A
1.5 B NZEMR

IR 2.4 RS Tk, I A R R )
GUTAIRLE BN e DA R S T PUR ol B
AREER T, WAL : 35 ~75 °C 5 B4 4 b
WeHE:. 0.1~0.3 mol/L; H,0, ¥k : 0.2 ~1 mol/L;
MEARI A : 0.5 ~4 o/ L Hi A M IR AR - 0.02 ~
0. 10 mol/L; 528t &€ 45 SN S N G B AR K2
B, SRR RO R (2-1).

dc,.. .
r=- (%) = k[ glucose] “[H,0,] "
[Cat] ‘[ Sodium gluconate] ¢ (2-1)
o k = Ae(i) (2-2)

kACRE AR, a by ooy d UK 4B
H,0, | A0 0% 4 W IR B9 9 S L 8, Ea D i
fEBE, A 94 AT T

2 RS
2.1 TEM £

TEM ] T W82 17 %k AuNPs 19 R ~F RUE SR, %
Mb % T B A BCH A 1x107 mol/L ¥, %8R 1.2.2
W A ). Bl 1(a b, ) h 1% Au/y-
AL O, fiEfLFRI By TEM Bl Jr K HH A2 o A B (& 1
d). WEFTR, AuNPs HA R A1 5 8ok H 2 5k
B, Hokife oy A [ 7R 72k AuNPs F 45k 3. 48 +
0. 881 nm, KPR ARH/NH AP A

[l 2a 7R Au TAZEN 1% 1) AuNPs g RT
2.3 A HAkIX i TR (K 2b) R 4 S IHEE Y
[FLOATSS R, IEBATE Au [CS7 RS H R 4351 h
[111} , {2001 . {220} F1{311 |4 4541, i AuNPs
AT bRy AR, [ BSAEAT S B B b BT (447
BERL, A Au 377 AR P8 A 1.
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Fig. 1 TEM images of 1% Au/vy-Al,0,(a, b, ¢) and size distribution histograms of AuNPs (d)
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Fig. 2 High resolution transmission electron microscopy (HRTEM) image (a) and selected area of

electron diffraction (SAED) pattern (b) of the AuNPs
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2.2 FTIR 447

Mb Ry (HHZR a) A 103k il £ 1) 1% Au/
y-ALO, AL F (HH LR b) Z0 4G i 3 f /R,
F [ AT AT, 7E Au/y - Al O, A 4657 10 T LA & 38 Mb

T/%

1 1
4000 3500 3000 2500 2000 1500 1000 500

em!
3 Mb(a) f 1% Au/y-Al, O fEALFIZLANGHEE
Fig.3 FTIR spectra of Mb (curve a) and of the 1%
Au/y-Al, O, catalyst(curve b)

(RFAE R S 0. 3 430 em™ Abh-OH ) fif 45 B 2.
2928 cm™ 12 853 em™ Ab4rRIk C=0 F1-CH, [y
FEXIFR G PR IR SN, 1384 em™ A AFFH KA
HIREEE IR C-N [ arg" . 1043 .1 122 em™
1261 em™ 2y C-O BfP4EdRsh. 70 br Au/y-Al, 0,
WAL E BB 0] L& I, Mb A R 38 555 38 Ji
Au™ | [N AR E R 7R AuNPs 2167, 3 550
FHAE T AuNPs FYERERIE K, ORI HA MRS
P EE &R,
2.3 BISHUEZRERIE T
2.3, 1 ARSI RS S S A A AR
Tk Pl A AL, BIFIE T % BONHE BT ) (5%
M. 4 T LUR B, 4% IR T 600 v/ min B, B
BRI, AR IR A A R G . 4k
SEMGINEL S R B, 2535 T 800 o/ min [, 4
BRI tn A AL HR IO AR fh. 2B 7 % o = T 800
r/min [, AT DASE 4 L BR AL BB T s, Rtk 78
AT HANS BTN, 1 5% 3 800 r/min.
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Fig. 4 Effect of stirring rate on the reaction rate of
glucose oxidation

Reaction conditions; reaction temperature, 35 °C ;

initial [ glucose ] =0.2 mol/L;
[H,0,]=0.8 mol/L; [ sodium gluconate | = 0 mol/L;

[ catalyst] =2 g/L

MR A A 2 B 5. il 25 W) 46 Tk B2 1 3
i, AR R AT YERE Z 3G 0. SR TR
PE Au {7 BT S H,0, 0 B 2 IR T 5
PR B, I 7 2 W 4] L v SR ) 3 o 2 i O o
TEIE PR A _EWREERG R, BE I T 4 40 W% 10 1 48 Ak
B 5 Mirescu 251V HFSE 0. 45% Au/TiO,
fEAR L A A B A AL SE g b, B8 A M) G Tk
JEE XA R TE P s e — 3% Jd ek &l Sb a] LUK PR,
Inr 5 In[ Glucose ]| B4 BRI X R (R =
0.986) , HZ M BRI H 0. 46964, [FIL, W] LU
S I A W) I TR B2 1Y) SR SL R 0. 4696.

H,0, 1E RS ALH, FETEPE Au 7 55 _E & A iR
B, A U A PR AR TG R AR, HE T I PR AN
ARLEHEA TR A E AL AR R TR
F, Ishida 25" STIG I B Bk ) H,0, 1 &
FRIABA A A ERE ). A S0 ) R AR & h
W H,0,, HEE T ANFEWREE H,0, X5 2 B ) 1f 41
e 2 m. & 6a &I, BEE RN KRS
H,0, WREERY3EIN, %05 4 01k R 25 8.
X EEIE T H,0, 7RG PE Au A7 5 1 i 25
A A, SR BT E BTETEEY BT, DAT
P T A ATHER) A6 A AR, @ 6b AT, In r
5 In[H,0, ] Z [ HAWIFHLMERXR (R =
0.9878) , Ho &k ¥ 7 #2 & B H,0, e B Bk
0.3729.
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Fig. 5 Plot of glucose concentration versus reaction time with different glucose initial concentrations

a. The plot of In[ initial oxidation rate] versus In[ concentration of glucose ] to determine the reaction order

with respect to glucose;

b. Reaction conditions: reaction temperature, 35 °C; [ H,0,]=0.8 mol/L; [ sodium gluconate ] = 0 mol/L; [ catalyst] =2 g/L
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Fig. 6 Plot of glucose concentration versus reaction time with different H, O, initial concentrations

a. The plot of In[ initial oxidation rate ] versus In[ concentration of H,0, ] to determine the reaction order with respect to H,0, ;

b. Reaction conditions; reaction temperature, 35 °C ; initial[ glucose ] =0.2 mol/L; [ sodium gluconate ] =0 mol/L;

[ catalyst] =2 g/L

SRR i, AT USRI B 2 BT 1 Au f
AR, AT T H, O W52 A7 185 102 B 41 43k R K%
AR AR, h & Ta T LR B, BEH L
7O FH R RN, AT 0 R ) 400 G 4T AR A T R
[EI, In v 55 In[ catalyst [ #l& B2 HA RAFAZTE
KZR R*=0.9916 (& 7b), HAEE J 0.4088. it
AT, AR T A BN 2Kk 0. 4088.

H1 &l 8a n] T, Bl 4R SN MR 2R R 2R IR

BV LR BN, AR AR 46 AL R AR, R
B TR SAv BE 5 7 4 W 90 0 AR P R AR A DG M 2 02
I T AR M 55 SN IS W) 5 I R T3 1 Au
L, SRR Au {EPEAL SEURAR, RN
VIR EALE R EE. e 5 In[ gluconic acid
sodium ] YL PEIC R R® O 0.9819 (& 8b), Higl %
Jy=0.9794. K, W BERR B4 00 B N 9 ECR
-0.9794.
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Fig. 7 Plot of glucose concentration versus reaction time with different amount of catalyst

a. The plot of In[ initial oxidation rate ] versus In[ amount of catalyst] to determine the reaction order with respect to catalyst;

b. Reaction conditions: reaction temperature, 35 °C ; initial [ glucose ] =0.2 mol/L; [ H,0,]=0.8 mol/L;

[ sodium gluconate ] =0 mol/L
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Fig. 8 Plot of glucose concentration versus reaction time with different sodium gluconate initial concentrations

a. The plot of In[ initial oxidation rate ] versus In[ concentration of sodium gluconate | to determine the reaction order with respect

to sodium gluconate ;

b. Reaction conditions; reaction temperature, 35 °C ; initial [ glucose ] =0.2 mol/L; [ H,0,]=0.8 mol/L; [ catalyst] =2 g¢/L

R X 4 25 W 0 G A A T R A S AN AT 9a I
71, WA L E (T R ) ik S R R .
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SRR RO, B B, A S R
R, WESEIR L DR R IR o A B 4 4R
PR FE i, 4 BN I EEAIRT 80 °C.
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RALERIISE R, RAERTE e S A 2t 5 2
[ (9b) SRAHECRE(E,) KIFHTH T (A).

XF(2-2) AP [ H In, 45
Ink = InA- %
RT x 10

W A=0.1371 E,=6.1141 kJ/mol.

Beltrame 252 0 5 1 A1) P46 755 5 40 10 i A4 1k
AL AIRER E, 2 26 kI/mol, [RIIHELF] A Au
HEFT T AL A A T2, E H B, S 47 K)/
mol ** ) {HSLHG b H & B Au i Ak B A
B, AMTEEF . Okatsu %7 FIfl Au/
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Fig. 9 Plot of glucose concentration versus reaction time under different reaction temperature

1/Tx10"

a. Arrhenius plot of Ink versus 1/Tx107; b. Reaction conditions: initial [ glucose]=0.2 mol/L;
[H,0,]=0.8 mol/L; [ catalyst] =2 g/L; [ sodium gluconate ] =0 mol/L
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Fig. 10 Comparison of experimental and calculated initial oxidation rates using power-law rate model(a) and the residual plot(b)
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Kinetics of D-glucose Oxidation to D-gluconic Acid with Hydrogen
Peroxide over Bio-reduced Au/y-Al, O, Catalysts

LIN Kai', XIN Jia-ying'**, WANG Yan', YANG Yang', XIA Chun-gu’
(1. Key Laboratory for Food Science and Engineering, Harbin University of Commerce, Harbin 150076, China;
2. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: In this paper, the kinetics of oxidation of D-glucose with H,O, over heterogeneous bio-reduced Au/y-
Al O, catalysts had been mainly discussed. A catalyst with 1% Au support on alumina was prepared by using Mb
which played dual roles as both reductant and stabilizer. The average Gold nanoparticles ( AuNPs) size was calcu-
lated to be around 3.48+0. 881 nm by TEM images. In addition, comparing the FTIR spectrum of Mb and Au/y-
Al, O, catalysts indicated the involvement of biomass groups in the synthesis. By fitting the kinetic data using power-
rate law model after eliminating mass transfer resistances, the orders of the reaction of D-glucose, H,0,, catalyst
and sodium gluconate were found to be 0.4696, 0.3729, 0.4088 and-0.9794 , respectively. The activation energy
(E,) was calculated to be 6. 1141k]J/mol from an Arrhenius plot. Based on the kinetic rate equation, the model
predictions were in good agreement with the experimental data.

Key words: bioreduction; Au/y-Al, O, catalysts; D-Glucose oxidation; kinetic study



