Evaluation of Esterification and Transesterification Reactions for Propylene Glycol Methyl Ether Acetate in Reactive Chromatography Systems
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Abstract: Reactive chromatography is a process that combines reaction and separation in a single unit that leads to a greater process performance and productivity [1]. This process is especially advantageous when the reaction is equilibrium limited, and the in-situ separation of product shifts the equilibrium in the direction of conversion increase [2]. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK1][bookmark: OLE_LINK2]This study focuses on the catalytic synthesis of propylene glycol methyl ether acetate (DOWANOL™ PMA glycol ether acetate) through two separate types of reactions: transesterification and esterification. Both reactions are equilibrium limited, where conversion can be increased by applying the principle of reactive chromatography. Esterification is performed with an acidic catalyst, AMBERLYSTTM 15, which has high activity and stability. Transesterification is performed with a basic catalyst, AMBERLITE™ IRA-900, which shows high activity for the transesterification at low temperatures. Esterification has an advantage of an enhanced durability of the catalyst, while the transesterification has an advantage of a better separation (absence of water) and lower operating temperatures. The benefits of each reaction are discussed with comparisons throughout the study. 
Case studies of process development for an ester product are discussed for the transesterification and the esterification reactions. The dynamics of batch reaction and the fixed-bed adsorptive reaction are investigated by carrying out batch reaction experiments and chromatographic pulse tests. Stirred batch reactor experiments were conducted at various temperatures and different mass transfer resistances. Reaction equilibrium and kinetic parameters together with their dependence on temperature were determined by fitting the model to the experimental data. Measurement of the adsorption equilibrium constant and reaction parameters were conducted by pulse tests using a single chromatographic column. Since resins act as both adsorbent and catalyst, experiments were performed with nonreactive mixtures to obtain adsorption parameters first, and then reactive mixtures were injected to obtain reaction parameters. 
In addition to the development of models, the chromatographic reactors were optimized for each reaction and esterification and transesterification were compared for the synthesis of the ester in terms of productivity and efficiency. 
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