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Liquid-phase synthesis of 3-hydroxypropanal from formaldehyde and

acetaldehyde : catalyst performance and mechanistic study
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Abstract: Aluminum, zirconium, and cerium-doped MgO-based composite oxides were synthesized via a co-
precipitation method and employed as catalysts for the aldol condensation reaction between formaldehyde (HCHO) and
acetaldehyde (CH;CHO) to produce 3-hydroxypropanal (3-HPA).Among the catalysts, MgO-CeO, with a Mg/Ce molar
ratio of 1 :3 demonstrated the highest catalytic performance. Characterization techniques, including N, adsorption-
desorption, XRD, XPS ,and NH,;/CO,-TPD,were employed to investigate the physicochemical properties of the catalysts.
The catalyst with a Mg/Ce molar ratio of 1:3 exhibited an optimal distribution of acid and base sites on the surface,
contributing to excellent catalytic activity through acid-base synergistic effects.Specifically, weak and moderate basic sites
facilitated the aldol condensation and were positively correlated with CH;CHO conversion, while Lewis acid sites
promoted the cross-aldol reaction,significantly enhancing the selectivity for 3-HPA.Density functional theory calculations
further revealed that CH,CHO adsorbs more favorably than HCHO on Lewis acid sites, shedding light on the mechanism
of acid-base synergy. Additionally, an appropriate specific surface area and a favorable Ce®/Ce" distribution also
contributed to improved catalytic performance. Optimization of the reaction conditions revealed that, with 5 % catalyst
dosage ,a HCHO/CH,CHO molar ratio of 1:1,and a reaction temperature of 35 °C for 2 h,the CH,CHO conversion and
3-HPA selectivity reached 18.6% and 30.9%, respectively. However, after three consecutive reaction cycles, both
CH,CHO conversion and 3-HPA selectivity decreased to 2. 2% and 13. 6%, likely due to a reduction in the basicity , pore
collapse ,and a decrease in the specific surface area of the catalyst.
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