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Isopropenyl acetate, an important chemical raw material intermediate, has an extremely
wide range of applications in chemicals, materials and medicine. In this paper, acetone
and ketene are used as raw materials to synthesize isopropenyl acetate under acidic con-
ditions. The process conditions were studied through experiments with one variable, and
the effects of the catalyst activity and dosage, the reaction time and the reaction tempera-
ture on the yield of isopropenyl acetate were investigated. The optimal reaction conditions
were obtained, and macroscopic kinetic equations of esterification reaction was obtained
by fitting the experimental data. The mechanism of the reaction was studied by quantum
chemistry. The results of experimental and theoretical research can provide theoretical
guidance for further expanding experiment and industrial quantitative production.
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1. Introduction

Isopropenyl Acetate (IPA) can be used as hydrogen acceptor (Fujita
et al.,, 2013), wood improver (Nagarajappa and Pandey, 2016), and is
often used as the high purity solvent and fine chemical intermediate
for skin relaxed series products in medicine. Its downstream products
acetylacetone and acetylacetone calcium, magnesium, zinc, nickel and
other salts are widely used in the production of PVC heat stabilizer,
flame retardant, resin crosslinking agent, catalyst, hot wire reflective
glass film and transparent conductive film forming agent (Hu et al,,
2021; Lak et al.,, 2020; Yang et al., 2019; Wu et al., 2020; Sarkar et al.,,
2020).

At present, the industrial synthesis of isopropyl acetate is mainly
by the esterification of ketene and acetone. The esterification catalysts
include sulfuric acid, polyphosphoric acid, acetylsulfonylacetic acid,
naphthyl disulfonic acid and strong acid cation exchange resin (Peng
et al., 2007), etc. Among them, fuming sulfuric acid has been widely
used due to its low price, high reaction rate and less by-products.
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Ketene can only be preserved at —80°C, and it is easy to polymerize
to form diketene at room temperature, so it is very difficult to pre-
pare and use in laboratory. Therefore, there are few related report on
the preparation of isopropyl acetate esterification of ketene and ace-
tone. In the industrial production, the production of isopropyl acetate
is batch reaction process based on stirred tank reactor with great labor
intensity, low productivity, low automatic level. In order to optimize
the industrial production process, update automatic level and realize
continuous production, it is necessary to study the production process
conditions, reaction principle and kinetics to provide necessary basic
data.

With the development of computer, quantum chemical calcula-
tion has been widely used, and gradually applied to various fields,
and it achieved a very good effect, especially in reaction mechanism,
drug design and reaction rate constant calculation (Kotev et al., 2020;
Arathala et al., 2020; Shao et al., 2020; Martinez-De la Hoz et al., 2016;
Lu et al.,, 2020; Zhang et al., 2020; Huang et al., 2020; Tang et al., 2020;
Vitkovskaya et al., 2020). Acetone esterification is a complex reac-
tion process including ketene gas diffusion, gas-liquid mass transfer
and reaction. It is necessary to further explain the reaction process
by means of quantum chemistry to study the microscopic reaction
mechanism of this esterification reaction. Finally, a description of
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