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Fig.4 TEM images and the corresponding histograms of the particle size disrtibutions for Au/ZnO prepared with
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Fig. 5 Effect of the mass ratios of protective agent( PVA)
and Au on the catalytic performance of Au/ZnO for
the oxidative transformation of 1,3-propanediol

Reaction conditions: 1% Au/ZnO 0.24 g, reaction time 4 h,
reaction temperature 100 °C, Po, =2 MPa, 1,3-propanediol
1.38 mmol, methanol 79.6 mmol, methyl hexanoate 0. 18 g
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Fig. 6 Effect of gold-sol preparation temperature on the
catalytic performance of 1% Au/ZnO
for the oxidative transformation of 1,3-propanediol
Reaction conditions: 1% Au/ZnO 0.24 g, reaction time 4 h,
reaction temperature 100 °C, Po,=2 MPa, 1,3-propanediol

1.38 mmol, methanol 79.6 mmol, methyl hexanoate 0. 18 g
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Fig. 7 Effect of Au loading on the catalytic performance of
Au/ZnO for the oxidative transformation of 1,3-propanediol
Reaction conditions: Au/Zn0O, reaction time 4 h, reaction
temperature 100 °C , Po, =2 MPa, 1,3-propanediol
1.38 mmol, methanol 79.6 mmol, methyl hexanoate 0. 18 g
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Fig. 8 Effect of reaction temperature on the catalytic performance
of Au/Zn0 for the oxidative transformation of 1,3-propanediol
Reaction conditions; Au/Zn0O, reaction time 4 h,
Po, =2 MPa, 1,3-propanediol 1.38 mmol,

methanol 79. 6 mmol, methyl hexanoate 0. 18 g
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The Base-free and Selective Oxidative Transformation of
1,3-Propanediol into Methyl 3-Hydroxypropionate by Au/Zn0O Catalyst

LIANG Jun-jie'*, XIAN Mo, ZHAO Guo-ming”*, DONG Jun'"*
(1. College of Chemistry and Chemical Engineering, GuiZhou University, Guiyang 550025, China;
2. CAS Key Laboratory of Biobased Materials, Qingdao Institute of Bioenergy and Bioprocess Technology
Chinese Academy of Sciences, Qingdao 266101, China)

Abstract: ZnO-supported gold catalysts were prepared by the sol-immobilisation method and used in the reaction of
selective oxidative transformation of 1,3-propanediol into methyl 3-hydroxypropionate. The amount of protective agents
(PVA) and the reduction temperature as well as the Au loading were investigated. The catalysts were also continu-
ously used by filtering and collecting the Au/ZnO from the previous reaction mixture in the recycling tests. The reac-
tion temperature and oxygen pressure also be optimized. The samples were characterized by powder X-ray diffraction
(XRD) and transmission electron microscopy( TEM). The results show that Au/ZnO prepared at PVA : Au =1 : 4
(m/m) , gold-sol preparation temperature 25 C and Au loading 1% present the best catalytic performance for the
target reaction. At 100 °C and Po,= 2 MPa, the conversion of 1,3-propanediol were 82.8% and the selectivity of
methyl 3-hydroxypropionate were 95.4% . The size of Au nanoparticles on the catalyst significantly affect the catalytic
performance. When the average particle size of Au nanoparticles is in the range of 2.8 ~6. 1 nm, the selectivity of
product increase with the decrease of the Au particle size. The catalyst has a good product selectivity(>90% ) when
the average particle size of Au nanoparticles is in the range of 2.8 ~4.8 nm. The Au/ZnO was recycled 4 runs, no
decrease of the conversion and selectivity was observed. The reaction mechanism also be proposed.

Key words: gold; ZnO; 1,3-propanediol ; methyl 3-hydroxypropionate ; selective oxidative transformation



