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Nano Pd/ZSM-S: in Situ Synthesis and Catalytic Hydrogenation of Cinnamaldehyde
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Abstract: Highly dispersed Pd nanoparticles confined in the ZSM-5 zeolite catalyst (Pd/ZSM-5-IS) were
successfully synthesized by azeotropic distillation assisted in situ process. The Pd/ZSM-5-1S samples were
characterized by XRD, TEM and XPS. The effects of reaction pressure, reaction temperature and reaction time on
the catalytic performance of cinnamaldehyde hydrogenation were investigated. These results showed that the
catalytic stability of Pd/ZSM-5-IS catalyst is higher than that of Pd/ZSM-5-IM, which is mainly attributed to the
fact that Pd nanoparticles enter the mesoporous mesopores of ZSM-5 to effectively prevent the active sites from
loss and aggregation. When the reaction temperature is 80 °C, the reaction pressure is 1 MPa, the reaction time is
3 h for the best reaction conditions, the conversion of cinnamaldehyde was 87.23% and selectivity of

hydrocinnamic aldehyde was 76.68%.
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Fig.1 XRD patterns of Pd/ZSM-5-IS (a) and ZSM-5 (b)
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Table 1 Effect of Temperature on CAL hydrogenation

Selectivity / %

T/C Conv. / % HCMA yield / %
HCMA HCMO CMO Other
50 52.47 74.86 13.27 0 11.87 39.28
70 60.55 75.13 13.81 0 11.06 45.49
80 87.23 76.68 12.55 0 10.77 66.89
90 95.45 55.94 20.65 0 23.41 53.39
100 98.07 43.51 30.78 0 25.71 42.67

Reaction condition: H, pressure: 1 MPa, 3 h, CMA: 1 g; Pd/ZSM-5-1S: 0.1 g
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Table 2 Effect of H, pressure on CAL hydrogenation

Selectivity / %

pu, [ MPa Conv. / % HCMA yield/%
HCMA HCMO CMO Other
0.5 47.89 83.51 10.6 0 5.89 39.99
1 87.23 76.68 12.55 0 10.77 66.89
2 93.47 57.55 24.32 0 18.13 53.79
3 96.52 46.73 33.81 0 20.46 45.1

Reaction condition: 80 °C, 3 h, CMA: 1 g; Pd/ZSM-5-1S: 0.1 ¢
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Table 3 Effect of reaction time on CAL hydrogenation

Selectivity / %

Time / h Conv. / % HCMA yield / %
HCMA HCMO CMO Other
1 54.7 78.83 10.7 0 10.47 43.12
2 73.25 73.55 13.16 0 13.29 53.88
3 87.23 76.68 12.55 0 10.77 66.89

Reaction condition: py =1 MPa, 80 °C, CMA: 1 g; Pd/ZSM-5-IS: 0.1 g
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