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Preparation and Catalytic Properties of Au@ZrQO, Hollow Microspheres

XTANG Ying-Qiao LI Tian-Tian XU Qing-Hong™
(State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: SiO, microspheres with different diameters were prepared by Stober method, and the SiO, microspheres
were uniformly coated with ZrO,by adsorption and hydrolysis of ZrOCl,. The ZrO, hollow microspheres were then ob-
tained after SiO, was removed by hydrofluoric acid, and Au@ZrO, hollow microspheres were finally prepared by de-
position-precipitation (DP) method. Catalytic properties of Au@ZrO, hollow microspheres in reduction of parani-
troaniline were studied carefully. The research results indicate that the SiO, microspheres have regular shape and
good dispersity. The sizes and the surface areas of the ZrO, hollow microspheres could be controlled effectively by
the diameters of SiO, microspheres. Compared to the solid microsphere Au@Zr0,, the Au@Zr0O, hollow microspheres
showed good catalytic performance in reduction of p-nitroaniline, and p-nitroaniline was completely reduced to p-

phenylenediamine in 7 min at 45 °C.
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Fig.1 SEM images of SiO, microspheres crystallized 1 d(A), 7(B)and 14 d(C)



618 Jd Hl fk

#o% 4R

%33 8

B Si0, MOERIES I | RN — e 1d JE
Si0, ERRLARTE 30 nm 247, &ad AP ReE A K
7 d.14 d J5 Si0, 5 R LA TR | kT Y R0 A2 4y il
1E 80 1 500 nm AiAy, bk 3 Fokife ik HoA & B
Gy RCR AR ) — R

i 2 B A AR L A RS B Ze0, 25 0 R B
—E M ERFCIERE 3 P AL RS 23 O IRk 1Y 0% B HL
TR & 2 firos  WE AT LR | Ze0, 28 O BRI IR
FRIN) | AR B AR Al 75 S10, B AR R /NN [ T 22 A
AR, DL bk 3 Rk AR mE I ek ) 4515 20 8 ZeO,
25 DA BPRAR 23 51 33 .85 K 550 nm, HoRL AR
SR ENE 3 FrR . 3 AR B3 Fl ZrO, 25O IER
B 7 J2 T BE R AR S10, fol BRE A2 384 K 14 Kk Hoxt
N A ER 5T IR BE R 24300 3.5 S 50 nm, HHULAT DL

Si0, AR K Ak 2 1 W R ) T AR A 2 | S T
0T KR B ZeO, JEJE . 5340, 700, 25 0 BKIN
IR KB | U ARG 7 kR T 70, %5
ORERE S B BT IBE ML RIET 200, 2 0
THEREEF I SEHE M . Au@ZrO, FF i 11 155 43 HE3 ) il
T B (] 2D) R W, 4 g0 KR 1 34 &) ML 53 BT 70,
T, 5 Zr0, FEAR BBl | TR A BRI PO | 2
KK 6 nm, S AKKT S EIFE R 0.235 nm, &
AT ST (1) df T S A [ALFERY f T 52 & bkt
LN 700, 75 DR R ARG A 2, H 70, %
T ARG P A | S PR i AR SE B T ZrO, 28 00 Ik
AR L A TR P R 1 0 AT REPEAR /N | DL 48 K
BB A KK FAEAE T 20, 25O BRI

K2 EAH 33 nm(A).85 nm(B)& 550 nm(C)Zr0O, 75 0> R 19 37 5 FL B8 B 5 Rl Au@ZrO, #F b (D) 14 755 43 838 S A 4 181
Fig.2 TEM images of ZrO, hollow microspheres with different diameters of 33 nm (A), 85 nm (B) and 550 nm (C) and

HRTEM images of Au@ZrO,(D)
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Fig.3 Particle size distributions of ZrO, hollow microspheres with different diameters of 33 nm(A), 85 nm(B) and 550 nm(C)
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Fig.4 XRD patterns of Au@ZrO,hollow microspheres
with diameters of 550 nm (a), 85 nm(b) and
33 nm (c)
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Fig.5 FTIR spectra of SiO,(a), ZrO,@Si0,(b) and
Zr0, hollow spheres (c)
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Fig.6 N, adsorption-desorption isotherms of ZrO, hollow
microspheres with different diameters of 550 nm(a),

85 nm(b) and 33 nm(c)
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Table 1 Specific surface area and pore volume of ZrO,hollow micropheres with different sizes

Particle size / nm

BET surface area / (m*+¢g™)

Pore volume / (cm*-g™)

33
85
550

0.895
0.718
0.613

23 AWZrO, HESENHEEAELFIMEML
R
Au@ZrO, ¥y & 2 3 PR R RLAR Au@ZrO, 75 0>
flER T Au & 5 B0 GE i EDS 43 Hr il i 45 i 5k
2 FIt7R . Au@ZrO, B3R Au it 0 8029 1.2%, 1M

3 AP Bk R A B 2 R0 BN 1.8% 2.0% |
2.1%, B BEAS 0 BR A EAR /NG R, R AR /N A
TN 820 R B S AN ROIO T S G N E A U L
KKLF 3 T Ze0, 2 T 26 1005 Wi AR5 B9 i A 3
P

x2 TEAAVZIO, BERHPHNELTEREBNSE

Table 2 Mass percent content of each element of different Au@ZrQO, samples

Sample Content of Au/ % Content of Zr / % Content of O / %
Powder of Au@Zr0O, 1.2 61.3 37.6
Au@ZrO, microsphere(550 nm) 1.8 59.0 39.2
Au@Zr0O, microsphere(85 nm) 2.0 60.1 37.8
Au@Zr0O, microsphere(33 nm) 2.1 59.6 38.3
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Fig.7 Ultraviolet-visible absorption spectra of p-

nitroaniline(a) and p-phenylenediamine(b)
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Time / min

(a)Au unloaded ZrO, nanoparticles; (b) Au loaded ZrO, solid
nanoparticles; (c) 550 nm Au@ZrO, hollow sphere; (d) 85 nm
Au@Zr0, hollow sphere ;(e) 33 nm Au@ZrO, hollow sphere
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Fig.8 Concentration ratios of paranitroaniline to its
primitiveness in the reactions at different time

under existence of different catalysts
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Fig.9 Raction rate of paranitroaniline reductions

under different temperatures
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