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INTRODUCTION TO
THE ACETONE
PRODUCTION
PROCESS

Acetone, also known as
propanone,  is  one  of
the  most  essential
organic solvents in the
chemical industry. This
colorless,  volatile,  and
flammable  liquid  plays
a  p i v o t a l  r o l e  i n
m a n u f a c t u r i n g
e v e r y t h i n g  f r o m
plastics  and  paints  to
pharmaceuticals  and
c o s m e t i c s .
Understanding  the
acetone  production
process  is  crucial  for
industry  professionals,

chemistry  students,
and anyone interested
i n  h o w  m o d e r n
c h e m i c a l
manufacturing  meets
global  demand.  With
annual  production
exceeding  several
million tons worldwide,
acetone  is  produced
t h r o u g h  s e v e r a l
distinct methods, each
w i t h  i t s  o w n
a d v a n t a g e s ,
f e e d s t o c k s ,  a n d
e c o n o m i c
considerations.  This
article provides a deep
dive  into  the  primary
industrial  routes  for
m a n u f a c t u r i n g
acetone, exploring the
c h e m i s t r y ,
eng ineer ing ,  and

https://template-dev.mobaptist.org/


2

2 Acetone Production Process 2022-09-27

practical  applications
behind each approach.

WHY ACETONE
MATTERS IN
MODERN
INDUSTRY

Before  examining  the
acetone  production
process in  detail,  it  is
worth appreciating why
t h i s  c o m p o u n d
c o m m a n d s  s u c h
attention. Acetone is a
fundamental  building
b l o c k  f o r  m e t h y l
methacrylate  (MMA),
w h i c h  i s  u s e d  t o
produce acrylic plastics
and  plexiglass.  It  is
a l s o  t h e  p r i m a r y
solvent  in  nail  polish
removers,  industrial
d e g r e a s e r s ,  a n d
laboratory  cleaning
agents.  Beyond  these
roles,  acetone  serves
as  a  precursor  for
bisphenol  A  (BPA),  an
intermediate  in  epoxy
r e s i n s  a n d
polycarbonate plastics.

The  versat i l i ty  o f
acetone  means  that
fluctuations  in  its
production  can  ripple
a c r o s s  m u l t i p l e
sectors,  including
a u t o m o t i v e ,
c o n s t r u c t i o n ,
e l e c t r o n i c s ,  a n d
h e a l t h c a r e .
C o n s e q u e n t l y ,
m a n u f a c t u r e r s
continuously  optimize
the acetone production
process  to  improve
yield,  reduce  energy
consumption,  and
m i n i m i z e
environmental impact.

THE CUMENE
PROCESS: THE
DOMINANT ROUTE

By a significant margin,
t h e  m o s t  w i d e l y
employed  acetone
production  process  is
the  cumene  process,
also known as the Hock
process.  This  method
accounts for more than
90  percent  of  global
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acetone  output.  The
cumene  process  is
particularly  attractive
because it co-produces
phenol,  another  high-
vo lume  industr ia l
chemical,  making  it
economically  efficient.
The  process  involves
three  main  stages:
alkylation,  oxidation,
and  cleavage.

Stage 1:
Alkylation
of
Benzene
with
Propylene
The  first  step  in  the
cumene process is the
alkylation  of  benzene
with  propy lene  to
p r o d u c e  c u m e n e

(isopropylbenzene).
This  reaction  takes
place  in  the  presence
of  an  acid  catalyst,
typically  phosphoric
acid supported on silica
or  a  zeolite  catalyst.
The reaction conditions
are carefully controlled
a t  t e m p e r a t u r e s
between  200°C  and
250°C  and  pressures
a r o u n d  3 0  t o  4 0
atmospheres.  The
stoichiometry  of  the
r e a c t i o n  i s
straightforward:
C ₆ H ₆  +  C ₃ H ₆  →
C₆H₅CH(CH₃)₂
After  the  alkylation
reaction,  the  cumene
product  is  purified  by
distillation  to  remove
any unreacted benzene
and propylene, as well
as by-products such as
diisopropylbenzene.
The  purified  cumene
then moves to the next
stage.  Efficient
alkylation is  critical  to
the  overall  acetone
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production  process
because  impurities  at
this  stage  can  reduce
downstream yields and
complicate purification.

Stage 2:
Oxidation
of
Cumene
to
Cumene
Hydroper
oxide
In  the  second  stage,
cumene  is  oxidized
with  air  or  molecular
o x y g e n  t o  f o r m
cumene hydroperoxide
(CHP).  This  is  a  free-
radical  chain  reaction
that  takes  place  in  a

series  of  oxidation
towers or reactors. The
reaction  is  performed
a t  t e m p e r a t u r e s
between  90°C  and
130°C under moderate
pressure. The oxidation
s t e p  i s  h i g h l y
exothermic,  so  careful
temperature  control  is
essential  to  prevent
runaway reactions and
ensure safe operation.
The  react ion  is  as
follows:
C₆H₅CH(CH₃)₂  +  O₂  →
C₆H₅C(CH₃)₂OOH
T h e  o x i d a t i o n
conversion  is  typically
kept  at  around  20  to
30 percent per pass to
maintain  selectivity
and  avoid  excessive
by-product  formation.
The unreacted cumene
i s  r e c o v e r e d  a n d
recycled back into the
oxidation reactors. This
recycling step is a key
feature of the acetone
production  process
t h a t  m a x i m i z e s
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material  efficiency.

Stage 3:
Acid-
Catalyzed
Cleavage
of
Cumene
Hydroper
oxide
The  final  stage  is  the
cleavage  of  cumene
hydroperoxide  into
phenol  and  acetone.
T h i s  r e a c t i o n  i s
catalyzed  by  a  strong
acid,  usually  sulfuric
acid,  at  temperatures
between  60°C  and
80°C.  The  cleavage
react ion  is  h igh ly
e x o t h e r m i c  a n d

proceeds  rapidly:
C₆H₅C(CH₃)₂OOH  →
C₆H₅OH + (CH₃)₂CO
Following cleavage, the
reaction  mixture  is
neutralized,  and  the
products are separated
by distillation. Acetone
i s  r ecove red  as  a
distillate,  while  phenol
and  any  heavier  by-
products  are  collected
from the bottom of the
distillation column. The
pur i ty  o f  acetone
obtained from this step
is typically above 99.5
percent,  meeting  the
specifications  for  most
i n d u s t r i a l  a n d
c o m m e r c i a l
applications.  The  co-
production  of  phenol
a n d  a c e t o n e  i n
approximately  a  1:0.6
weight ratio makes the
o v e r a l l  a c e t o n e
production  process
economically robust, as
both  products  have
strong market demand.
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DIRECT OXIDATION
OF PROPYLENE:
THE WACKER
CHEMISTRY
ALTERNATIVE

Whi le  the  cumene
process  dominates,
a n o t h e r  n o t a b l e
acetone  production
process  involves  the
direct  oxidation  of
propylene  us ing  a
p a l l a d i u m - b a s e d
catalyst.  This  method,
sometimes  called  the
W a c k e r  p r o c e s s
variant, was developed
as  a  way  to  produce
a c e t o n e  w i t h o u t
coproducing phenol. In
this route, propylene is
o x i d i z e d  i n  t h e
p r e s e n c e  o f  a
palladium(II)  chloride
catalyst  and copper(II)
c h l o r i d e  a s  a  c o -
catalyst.  The  overall
reaction  is:
C ₃ H ₆  +  ½  O ₂  →
(CH₃)₂CO

The  direct  oxidation
process takes place in
an aqueous medium at
temperatures  from
100°C  to  130°C  and
pressures around 10 to
15  atmospheres.  The
c a t a l y s t  s y s t e m
reoxidizes palladium(0)
back  to  palladium(II)
u s i n g  t h e  c o p p e r
c o u p l e ,  a l l o w i n g
continuous  operation.
Although  this  method
produces  acetone
selectively,  it  has  lost
commercial  ground  to
the  cumene  process
due  to  higher  capital
costs  and  challenges
with catalyst handling.
However, it remains an
important  alternative
i n  r e g i o n s  w h e r e
phenol  demand  does
not  justify  cumene
process  economics.

ISOPROPYL
ALCOHOL
DEHYDROGENATIO
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N: A TRADITIONAL
ROUTE

An  o lde r  bu t  s t i l l
technical ly  v iable
acetone  production
process is the catalytic
dehydrogenation  of
isopropyl alcohol (IPA).
T h i s  m e t h o d  w a s
historically  important
before the widespread
a d o p t i o n  o f  t h e
cumene  process.  In
this  route,  isopropyl
alcohol is passed over
a  meta l  ca ta l ys t ,
typically copper or zinc
oxide, at temperatures
between  350°C  and
450°C. The reaction is:
( C H ₃ ) ₂ C H O H  →
(CH₃)₂CO  +  H₂
The  hydrogen  gas
e v o l v e d  c a n  b e
recovered and used as
fuel  or  as  a  chemical
f e e d s t o c k .  T h e
conversion  of  IPA  to
acetone  is  typically
high,  often  exceeding
90  percent  per  pass,

with  good  selectivity.
After the reaction, the
product  s t ream  is
cooled, and acetone is
condensed and purified
b y  d i s t i l l a t i o n .
Unreacted  isopropyl
alcohol  is  recycled
back  to  the  reactor.
T h i s  a c e t o n e
production  process  is
s t i l l  used  in  some
smaller-scale  facilities
or  where  isopropyl
a lcoho l  i s  read i ly
a v a i l a b l e  a s  a
feedstock.  It  offers  the
a d v a n t a g e  o f
producing only acetone
as  the  main  product,
without coproducts.

BIO-BASED
ACETONE VIA
FERMENTATION

In response to growing
sustainability concerns,
a  bio-based  acetone
production process has
g a i n e d  r e n e w e d
interest.  This  method
uses  the  acetone-
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butanol-ethanol  (ABE)
fermentation  route,
where bacteria such as
C l o s t r i d i u m
acetobutylicum convert
carbohydrates  from
biomass into a mixture
of  acetone,  butanol,
and  e thano l .  The
typical  solvent  ratio
from ABE fermentation
is  approximately  3
parts acetone, 6 parts
butanol,  and  1  part
e t h a n o l .  T h e
fermentation  takes
place under  anaerobic
c o n d i t i o n s  a t
temperatures  around
30°C  to  37°C  over
several  days.
After fermentation, the
solvents are recovered
f rom  the  broth  by
distillation  or  liquid-
liquid extraction. While
the  ABE  process  was
historically used during
World  War I  and II  to
produce  acetone  for
cordite  manufacturing,
it  declined  afterward

due to the low cost of
petrochemical acetone.
However, with the push
toward  renewable
chemicals  and  carbon
neutrality,  several
c o m p a n i e s  a n d
research  groups  are
reviving and improving
this bio-based acetone
production  process.
Recent  advances  in
metabolic  engineering
a n d  p r o c e s s
intensification  have
improved  yields  and
reduced costs, making
b i o - a c e t o n e
i n c r e a s i n g l y
competitive  in  niche
markets.

KEY PROCESS
PARAMETERS AND
OPTIMIZATION
CONSIDERATIONS

Regard less  o f  the
specific  route,  every
acetone  production
process  re l i es  on
carefu l  contro l  o f
s e v e r a l  c r i t i c a l
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p a r a m e t e r s .
Temperature control is
paramount  because
m o s t  r e a c t i o n s
i n v o l v e d  a r e
exothermic  and  can
l e a d  t o  t h e r m a l
r u n a w a y  i f  n o t
managed  properly.
P r e s s u r e  a l s o
influences  reaction
rates  and  selectivity,
part icular ly  in  the
cumene oxidation step.
Catalyst  selection  and
regenera t i on  a re
equally  important,  as
catalyst  deactivation
directly  affects  yield
and  operating  costs.
Modern  facilities  use
advanced  process
control  systems  with
real-time monitoring of
temperature, pressure,
flow rates, and product
composition.  These
systems help operators
ma in ta in  opt ima l
conditions,  minimize
energy  consumption,
and  ensure  consistent

product quality.

PURIFICATION AND
QUALITY
STANDARDS

After the main reaction
steps,  the  acetone
production  process
includes  extensive
purification  to  meet
industry  specifications.
Crude acetone typically
contains water, organic
impurities,  and  trace
amounts  of  acids  or
aldehydes.  Distillation
i s  t h e  p r i m a r y
purification  method,
with  multiple  columns
arranged in series. The
first  column  removes
l ight  ends  such  as
p r o p y l e n e  a n d
acetaldehyde.  The
second  column  dries
t h e  a c e t o n e  b y
removing  water,  often
us ing  azeo t rop i c
disti l lation  with  an
entrainer.  Additional
polishing  steps  may
include treatment with
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activated  carbon  or
ion-exchange resins to
remove  color  bodies
a n d  t r a c e
contaminants. The final
product typically has a
purity  of  99.5 to  99.9
percent,  complying
with standards such as
A S T M  D 3 2 9  f o r
industrial  acetone.

ENVIRONMENTAL
AND SAFETY
CONSIDERATIONS

Any  discussion  of  the
acetone  production
process  must  address
environmental  and
s a f e t y  a s p e c t s .
Acetone  i s  h igh ly
flammable,  and  its
vapors  form  explosive
mixtures  with  air.  All
production facilities are
designed  with  robust
c o n t a i n m e n t ,
ventilation,  and  fire
protection  systems.
P r o c e s s  s a f e t y
management  includes
r i g o r o u s  h a z a r d

analysis,  relief  system
design, and emergency
shutdown  protocols.
From an environmental
perspective,  modern
a c e t o n e  p l a n t s
incorporate  measures
to  reduce  emissions,
recycle  by-products,
and  treat  wastewater.
The  cumene  process
generates  some  by-
p roduc t s  such  as
alpha-methylstyrene
and  acetophenone,
w h i c h  c a n  b e
recovered or processed
further.  Many facilities
also  implement  heat
integration networks to
reduce  overall  energy
consumption,  thereby
lowering  their  carbon
footprint.

GLOBAL
PRODUCTION AND
MARKET
DYNAMICS

T h e  a c e t o n e
production  process  is
deployed on a massive
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scale worldwide. Major
producing  regions
include North America,
Western Europe, China,
and  the  Middle  East.
The  largest  single-site
acetone  plants  can
produce  over  500,000
metric  tons  per  year.
Market  dynamics  for
acetone  are  closely
tied to phenol demand,
given the dominance of
the  cumene  process.
When  phenol  markets
are  strong,  acetone
availability  increases,
sometimes  leading  to
oversupply  and  lower
prices.  Conversely,
when acetone demand
o u t p a c e s  p h e n o l
demand,  producers
may  seek  alternative
r o u t e s  o r  a d j u s t
operating rates. Global
acetone  consumption
is  projected  to  grow
steadily,  driven  by
demand  f r om  the
c o n s t r u c t i o n ,
a u t o m o t i v e ,  a n d

electronics  sectors,  as
well  as increasing use
in methyl methacrylate
production.

FUTURE TRENDS IN
ACETONE
MANUFACTURING

Looking ahead, several
trends are shaping the
e v o l u t i o n  o f  t h e
acetone  production
process. First,  there is
a  strong  push  toward
s u s t a i n a b i l i t y ,
e n c o u r a g i n g  t h e
development  of  bio-
based  routes  and  the
i n t e g r a t i o n  o f
renewable energy into
conventional  plants.
Second,  advances  in
catalysis, including the
use  of  heterogeneous
c a t a l y s t s  f o r  t h e
cumene cleavage step,
promise  to  reduce
waste  and  improve
select iv ity.  Third,
process  intensification
technologies  such  as
reactive distillation and
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microreactor  systems
offer  opportunities  to
shrink  plant  footprints
a n d  e n h a n c e
efficiency.  Finally,  the
increasing  availability
of  low-cost  propylene
from shale gas in some
regions  may  shift  the
economics  of  direct
oxidation routes. These
developments  suggest
that while the cumene
process  wi l l  l ikely
remain  dominant  for
the foreseeable future,
t h e  l a n d s c a p e  o f
acetone production will
continue  to  diversify
and  improve.

CONCLUSION

T h e  a c e t o n e
production  process
encompasses  a  range
o f  c h e m i c a l
technologies,  each
tailored  to  specific
feedstocks,  scale,  and
market conditions. The
cumene process stands
as the workhorse of the

industry,  elegantly
linking  acetone  and
phenol production in a
way  that  maximizes
e c o n o m i c  v a l u e .
Alternative  routes
i n c l u d i n g  d i r e c t
propylene  oxidation,
i sopropy l  a lcoho l
dehydrogenation,  and
bio-based fermentation
provide  flexibility  and
respond to regional or
sustainability-driven
needs.  Understanding
t h e s e  p r o c e s s e s
reveals  not  only  the
ingenuity  of  chemical
engineering  but  also
the intricate balance of
economics, safety, and
e n v i r o n m e n t a l
s tewardsh ip  tha t
defines  modern
manufacturing.  As
demand  for  acetone
con t inues  to  r i se
g loba l ly ,  ongoing
i n n o v a t i o n  i n
production  technology
will remain essential to
meeting  the  world's
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needs  efficiently  and
responsibly.  Whether
you  are  a  student,  a
professional  in  the
chemical  industry,  or
simply  curious  about
h o w  e v e r y d a y

chemicals  are  made,
the  story  of  acetone
production  offers  a
fascinating  glimpse
i n t o  t h e  h e a r t  o f
industrial chemistry.


