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Figure 1 Industry chain of methyl methacrylate
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Figure 2 The schematic diagram for different crystal phases in VPO catalysts**!
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Abstract: Methyl methacrylate (MMA), a crucial organic intermediate and chemical raw material, is widely used in modification
additives, automobile manufacturing, and construction. As a core raw material for modern manufacturing and materials chemical
industries, its market demand continues to grow with expanding industrial applications, making production process optimization
critical. Traditional synthesis methods-including the acetone cyanohydrin, oxidation, and carbonylation routes-involve highly
toxic raw materials and strongly corrosive media (e.g., concentrated sulfuric acid), leading to environmental pollution and low
economic efficiency. These issues conflict with current green and sustainable development goals, necessitating process iteration
and upgrades.
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The aldol condensation of acetic (propionic) acid and its esters with formaldehyde (FA) for MMA preparation is an
environmentally friendly process with high atomic efficiency, and has important practical significance for addressing coal-based
chemical overcapacity and realizing efficient utilization of low-carbon resources. The key to this process is developing highly
efficient and stable catalysts to improve MMA yield while reducing the difficulty of separating aldehydes and water from the
reaction system. This paper reviews MMA synthesis process (e. g., acetone cyanohydrin, isobutylene three-step/two-step,
propylene carbonylation, ethylene syngas, Alpha, and aldol condensation routes), their respective limitations and associated
catalysts, with a specific focus on catalysts for the aldol condensation of methyl acetate (Ma) or methyl propionate (MP) with
FA. Among these, vanadium-phosphorus-oxygen (VPO) and Cs-based catalysts are widely favored due to their superior catalytic
performance and ease of separation.

For VPO catalysts, controlling vanadium species and active species composition (e.g., P/V ratio, V*'/V** ratio) helps regulate
surface acidity to promote target product generation. Additionally, introducing base sites via doping or supports via loading
improves surface properties and pore structure, thereby improving acid-base characteristics and catalytic performance. Currently,
incorporating acidic species onto supported Cs-based catalysts is a research hotspot and challenge. Optimizing catalytic
performance requires adjusting the acid/base species ratios, calcination temperatures, and support types to improve acid-base
properties and specific surface area of as-prepared catalysts. To advance industrial application, researchers are developing highly
efficient and stable supported acid-base bifunctional catalysts. In addition to the catalysts mentioned above, some homogeneous
catalysts based on ionic liquids with acid-base sites and metal complexes have also been developed.

In summary, Cs-based acid-base bifunctional catalysts offer advantages of simple preparation, high catalytic performance, and
good reproducibility. Their design and development enable efficient MMA production via the aldol condensation route, which is
anticipated to have broad application prospects. Optimizing existing catalytic technologies and exploring novel synthesis
pathways will provide an environmentally benign and economically viable approach.

Keywords: methyl methacrylate; aldol condensation; acid-base catalyst; synthesis process



