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Introduction

Acetone, also known as propanone, is one of the most widely used solvents in industry and everyday life. From
paint thinners and cleaning agents to pharmaceutical intermediates and laboratory reagents, acetone’s versatility
stems from its excellent solvency, low toxicity, and rapid evaporation. Understanding how acetone is produced on
an industrial scale is essential for chemists, engineers, environmental scientists, and anyone interested in the
chemistry that powers modern manufacturing.

This article provides a deep dive into the acetone production process, exploring the chemistry, technology,
economics, and environmental considerations that shape the global market. Whether youre a student, a
professional in the chemical industry, or simply curious, this guide will equip you with a comprehensive
understanding of how acetone goes from raw materials to a finished product.

The Chemistry Behind Acetone

Before delving into the production steps, it's helpful to understand the chemical structure that makes acetone so
valuable. Acetone has the molecular formula C<sub>3</sub>H<sub>6</sub>0Oand a carbonyl group (C=0)
flanked by two methyl groups. This simple, symmetrical structure gives acetone several desirable properties:

¢ Solvent power — dissolves oils, resins, and many organic compounds.

¢ Low boiling point (56 /°C) — evaporates quickly, making it ideal for drying and cleaning.
* Nonflammability — relatively safe to handle compared to many other solvents.

¢ Chemical stability — resists oxidation and is compatible with a wide range of additives.

The acetone production process takes advantage of these features by converting inexpensive feedstocks into a
high purity ketone that can be used in countless applications.

Historical Overview of Acetone Manufacturing

Acetone’s industrial history dates back to the early 20th century when the first large scale processes were
developed. Initially, acetone was produced via the cumene process, a by product of the extraction of cumene from
benzene and propylene. However, the discovery of the oximation of propylene and the subsequent Barton—
McCombie deoxygenation paved the way for more efficient routes.

During World War 11, the U.S. government invested heavily in acetone production to support the manufacture of
cordite, a smokeless propellant. This led to the development of the anaerobic fermentation of corn mash(the
“Corn-to-Chemical” process) by the U.S. Army’s Chemical Warfare Service. The success of fermentation laid the
groundwork for modern biotechnological approaches to acetone synthesis.

Today, the most common industrial routes are:

1. Oxidative dehydrogenation of propane (the “Propane Route”).
2. Oxidative dehydrogenation of butane and butenes (the “Butane Route”).
3. Biotechnological fermentation of sugars (the “Fermentation Route”).



Each route offers distinct advantages in terms of feedstock availability, energy consumption, and product purity.

1. Propane Route — Oxidative Dehydrogenation

Feedstock and Catalyst Selection

The propane route begins with propane (C<sub>3</sub>H<sub>8</sub>), a by product of natural gas processing
and crude oil refining. Propane is abundant and inexpensive, making it an attractive feedstock for acetone

synthesis. The key to efficient conversion lies in the catalyst system. Modern processes use a copper based
catalyst supported on alumina or silica, often with additives such as tin or zinc oxide to enhance selectivity.

Reaction Conditions

The catalytic oxidation of propane proceeds via the following overall reaction:

C<sub>3</sub>H<sub>8</sub> + 1.5 O<sub>2</sub> !" C<sub>3</sub>H<sub>6</sub>0 + 2 H<sub>2</
sub>0

Operating temperatures range from 550 /°C to 650 /°C, with a pressure of 1-5 /bar. The reaction mixture is typically fed
into a tubular reactor where the catalyst is exposed to a controlled air or oxygen stream. Maintaining the
temperature is crucial: too high, and side reactions such as cracking to methane or ethylene increase; too low, and
conversion drops.

Product Separation and Purification

After the reactor, the product stream contains acetone, unreacted propane, water vapor, and minor impurities such
as propylene, propanol, and methane. The separation strategy generally involves:

¢ Cooling and condensation to remove water and heavy hydrocarbons.
« Distillation columns to isolate acetone from propane and other light gases.
e Optional azeotropic distillation or extractive distillation to achieve high purity (99.5%+).

The recovered propane can be recycled back into the reactor, improving overall yield and reducing feedstock costs.

Advantages and Limitations

Advantages:

¢ High yield (up to 90% theoretical).
¢ Relatively low operating costs due to inexpensive propane.
¢ Scalable and well understood technology.

Limitations:

« High energy requirement for heating and maintaining reactor temperature.
* Emission of CO2 and unreacted oxygen, necessitating robust environmental controls.
e Catalyst deactivation over time due to sintering or coke formation.

2. Butane Route — Oxidative Dehydrogenation of Butanes

Feedstock Considerations

Butane (C4H10) and butenes (C4H8) are also abundant by products of natural gas liquids (NGL) processing. The
butane route can produce acetone along with other valuable chemicals such as butanone and butanol.

Key Reaction Pathways



Two main pathways are employed:

1. Oxidative dehydrogenation of butane: C4H10 + 1.5 O2 I' C3H60 + C1H4 + 2 H20
2. Oxidative dehydrogenation of butenes: C4H8 + 1.5 02 ' 2 C3H60 + 2 H20

These reactions are typically carried out at 650—750 /°C with catalysts such agopper—tin—zirconia or copper—

alumina. The choice of feedstock influences product distribution; butanes favor higher acetone selectivity, while
butenes yield a broader range of ketones.

Process Integration

The butane route often integrates with existing NGL plants, allowing for on site conversion of butane streams into
acetone. This reduces transportation costs and enhances overall plant economics. The downstream separation
mirrors that of the propane route but may require additional steps to handle the higher proportion of butanol and
butanone impurities.

Environmental Impact

While the butane route offers higher acetone yield, it also produces more CO2 due to the higher carbon content of
the feedstock. Modern plants mitigate emissions by incorporating catalytic combustion units and carbon

capture technologies. Additionally, the use of hydrogen rich syngagom reforming can help balance the overall
carbon footprint.

3. Fermentation Route — Biotechnological Production

Microbial Pathways

Biotechnological acetone synthesis relies on the metabolic capabilities of certain bacteria, most notably
Clostridium acetobutylicum. These organisms can convert sugars into a mixture of acetone, butanol, and ethanol
(ABE fermentation). The process is driven by the following simplified pathway:

e Sugar (glucose or sucrose) I’ pyruvate !" acetyl CoA I acetoacetate I’ acetone.

Key enzymes include thiolase, acetoacetyl CoA thiolaseand acetoacetate decarboxylase. Genetic engineering
has enabled strain optimization for higher acetone selectivity.

Feedstock and Pretreatment

Fermentation can utilize a variety of feedstocks:

e Corn starch — the traditional source, requiring enzymatic hydrolysis.

¢ Sugarcane bagasse — an agricultural residue, processed via acid or alkaline pretreatment.

¢ Lignocellulosic biomass — includes wheat straw, corn stover, and wood chips, which need extensive
pretreatment to release fermentable sugars.

 Industrial waste streams — such as molasses or whey.

Effective pretreatment is essential to maximize sugar yield and minimize inhibitors that can hamper microbial
activity.
Fermentation Conditions

Typical ABE fermentation operates at 30-35 °C, pH 5.0-6.0, and atmospheric pressure. The process proceeds in
two phases: acidogenesis (producing organic acids) and solventogenesis (producing solvents). Controlling the
transition between phases is critical to maximize acetone yield.

Product Recovery



After fermentation, the broth contains acetone, butanol, ethanol, acids, and residual biomass. Recovery typically
involves:

Distillation — to separate the solvent mixture.

¢ Use of extractive distillation with solvents like ethyl acetate to lower boiling points.
* Implementation of pervaporation membranes for selective removal of acetone.

« Utilization of vacuum distillation to reduce energy consumption.

Biomass residue can be processed into animal feed or bio energy, enhancing the sustainability profile of the
operation.

Economic and Environmental Advantages
Key benefits of the fermentation route include:
* Use of renewable feedstocks and waste streams.
e Lower energy consumption compared to thermal catalytic routes.

e Potential for co production of bio butanol, a promising biofuel.
¢ Reduced CO2 emissions, especially when powered by renewable electricity.

Challenges remain, such as:

e Lower acetone yield compared to catalytic methods.
¢ Complex downstream separation due to the presence of multiple solvents.
 Sensitivity to feedstock impurities.

Process Design Considerations

Feedstock Sourcing and Supply Chain
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