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PRODUCTION OF ORGANTIC CARBOXYLIC ACID ESTERS

THIS INVENTION relates to the production of organic
carboxylic acid esters. It relates in particular to a
process for producing carboxylic acid esters, and to a
process for transesterifying an ester.

According to 'a first aspect of the invention, there is
provided a process for producing a carboxylic acid ester,
which process comprises reacting a first reactant
comprising at. least one carboxylic acid with a second
reactant comprising at least one alcohol, with the
carboxylic acid and/or the alcohol being Fischer-Tropsch
derived, and with the reaction being effected at elevated
temperature and at a pressure such that the reactants are
in a vapour phase, the reaction further being effected in
the presence of a solid acid catalyst, thereby to produce
at least one carboxylic acid ester.

By ’Fischer-Tropsch derived’ in relation to the alcohol or
carboxylic acid is meant an alecohol or carboxylic acid
obtained by subjecting a synthesis gas comprising mainly
carbon monoxide and hydrogen to Fischer-Tropsch synthesis
reaction at elevated temperature and at elevated pressure
in the presence of a Fischer-Tropsch catalyst, which is
normally iron and/or cobalt based.
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The solid acid catalyst is thus temperature stable at the

temperature at which the reaction is effected, ie it does

not deteriorate to an appreciable extent at the temperature
at which the reaction is effected. The solid acid catalyst
may, in particular, comprise a cationic ion exchange resin.

While, at least in principle, any suitable solid cationic
exchange resin can be used as the catalyst, the catalyst
may, in particular, be a sulphonic acid ion exchange resin.
Such resins display good thermal stability at elevated
temperature. Thus, in one embodiment of the invention, the
catalyst may comprise a sulfonated polystyrene or
polydivinylbenzene resin, which is typically available in
the form of beads. These resins generally exhibit good
thermal stability up to about 150°C, and when used as the
catalyst in the process, the elevated temperature at which
the reaction takes place must thus not exceed about 150°C.
Examples of such sulfonated polystyrene resins are those
available under the trade mark Amberlyst from Rhom and Haas
France SA of La Tour de Lyon, 185 Rue de Bercy, 15579,
Paris Cedex 12, France. In another embodiment of the
invention, the <catalyst wmay comprise a sulfonated
polysiloxane resin. These resins generally exhibit good
thermal stability up to about 230°C, and when used as the
catalyst in the process, the elevated temperature at which
the reaction takes place must thus not exceed about 230°C.
An example of such a sulfonated polysiloxane resin is that
available under the trade mark Deloxan ASP from Degussa AG
of Weissfrauenstrasse 9, D-60287, Frankfurt/Main, Federal
Republic of Germany. In yet another embodiment of the
invention, the catalyst may comprise a sulfonated
perfluorinated resin, eg a sulfonated
poly-perfluorocethylene zresin. These resins generally
exhibit good thermal stability up to about 200°C, and when
used as the catalyst in the process, the elevated
temperature at which the reaction takes place must thus not
exceed 200°C. An example of such a sulfonated
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perfluorinated resin is that available under the trade mark
Nafion from Du Pont Nafion of PO Box 80323, Wilmington, DE,
USA, 19880-0323.

The elevated temperature at which the reaction is effected
must thus, as indicated above, be below the upper
temperature limit of the catalyst, ie must be at a
temperature at which the catalyst is still stable. The
Applicant has found that when a carboxylic acid/alcohol
binary mixture is used as a feedstock to a reaction zone in
which the reaction takes place, the fact that such a binary
mixture normally has a boiling or vaporization point lower
than the boiling point of the highest boiling point
component of the mixture, permits the vapour or gas phase
reaction to be effected at a temperature below the upper
temperature limit of the catalyst. Thus, for example, the
binary feedstock mixture can be selected to vaporize at a
temperature below 150°C, eg at about 105°C when using a
binary mixture suitable for the vapour phase production of
ethyl acetate, so that the esterification reaction can thus
be effected at this temperature, when the sulfonated
polystyrene or divinylbenzene resin is used as the
catalyst.

The fact that a binary mixture of a carboxylic acid and an
alcohol normally has a boiling or vaporization point lower
than the boiling point of the highest boiling component of
the mixture, permits the vapour phase esterification of the
process to be effected at the lowest possible temperature.
Additionally, as indicated hereinbefore, it also permits
relatively high boiling components, ie boiling at about or
above the upper temperature limit of a particular catalyst,
to be wused. Thus, for example, when a sulfonated
polystyrene or polydivinylbenzene resin is used as the
catalyst, a Fischer-Tropsch derived acetic acid/propionic
acid binary mixture can be used, even though propionic acid
has a boiling point (at atmospheric pressure) of about
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141°C, ie at about the upper temperature limit of 150°C of
the resin, since the boiling point (at atmospheric
pressure) of a typical Fischer-Tropsch derived binary
mixture consisting of about 69,8% acetic acid and 30,2%
propionic acid is only about 121°C.

The reaction of the first and second reactants may thus be
effected in a reaction zone containing a fixed bed of the
catalyst in particulate form, eg bead form. The reactants
pass through the bed, with the reactants being fed into the
reaction zone as a vaporized feedstock comprising said
binary mixture of the reactants. The vaporized feedstock
typically passes through the catalyst bed on a continuous
basis, and in an upward or downward direction. Product, ie
carboxylic acid ester(s), will then also be withdrawn
continuously from the reaction zone.

The pressure at which the reaction is effected will thus be
dependent on the carboxylic acid and the alcohol used, as
well as on the reaction temperature, and will naturally be
selected such that the reactants are in the vapour phase.
The pressure can thus vary widely, from a sub-atmospheric
pressure to a pressure above atmospheric pressure, eg from
about 0,05 Dbar(a) (5 kPa(a)) to about 3 Dbar(a)
(300 kPa(a)). Thus, any carboxylic acid/alcohol binary
mixture that vaporizes at a temperature below the upper
limit of the catalyst that is used, eg below 150°C when a
sulfonated polystyrene resin is used as the catalyst, can
be esterified at atmospheric pressure provided that, as
mentioned hereinbefore, the cafbcxylic acid and/or the
alcohol is  Fischer-Tropsch derived. A carboxylic
acid/alcohol binary mixture that vaporizes at higher
temperatures at atmospheric pressure can also be used, by
effecting the esterification at a sub-atmospheric pressure
at which the binary mixture is in vaporized form.
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‘As hereinbefore described, at least one of the carboxylic

acid and the alcohol are Fischer-Tropsch derived. Thus,
when the carboxylic acid is Fischer-Tropsch derived, the
alcohol may be non-Fischer-Tropsch derived, and vice versa.
However, both the carboxylic acid and the alcohol may be
Fischer-Tropsch derived.

The second reactant may cowprise Fischer-Tropsch derived
methanol, ethanol, propanol, i-propanol, butanol,
2°_butanol, i-butanol or mixtures of two or more such
alcohols. In particular, the second reactant may comprise
a Fischer-Tropsch derived alcohol mixture. Examples of
such Fischer-Tropsch derived alcohol mixtures are ethylol
which typically comprises, on a mass basis, 94,6% ethanol,
4,8% i-propanol, and 0,6% other alcochols; propylol which
typically comprises, on a mass basis, 87,8% propanol, 11,0%
2°_pbutanol, 1,0% i-butanol, and 0,2% other alcochols, and
sabutol which typically comprises, on a mass basis, 64,3%
butanol, 16,06% 2-pentanol, 11,91% i-butanol, 4,03%
3-methyl-2-butanol, and 3,7% other alcohols. The
compositions .of these Fischer-Tropsch derived alcohol
mixtures can, however, vary in practice. With alcohol
feeds such as these, the pressure at which the reaction is
effected will typically be sub-atmospheric pressure or
greater.

Higher boiling point alcohols can, however, also, as
hereinbefore described, be esterified in accordance with
the present invention by vaporizing said alcohols under
reduced pressure, ie at sub-atmospheric pressure, at
temperatures that fall within the stability range of
cationic ion exchange resin catalysts. These alcohols may
include Fischer-Tropsch derived pentanol, hexanol,
heptanol, ethylene glycol, propylene glycol, phenol,
cresol, or, in principle, any other alcohol that can be
vaporized below 150°C, 200°C or 230°C for a sulfonated
polystyrene or polydivinylbenzene resin, a sulfonated
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perfluorinated resin and a sulfonated polysiloxane resin,
respectively, .as the catalyst, at atmospheric or
sub-atmospheric pressure.

The first reactant may comprise acetic acid, propionic
acid, acrylic acid, methacrylic acid, or mixtures of two or
more thereof, which may, as hereinbefore described, be
Fischer-Tropsch derived. In particular, the first reactant
may comprise a Fischer-Tropsch derived carboxylic acid or
carboxylic acid mixture. Examples of such Fischer-Tropsch
derived carboxylic acids and carboxylic acid mixtures
include acetic acid, propionic acid and acetic
acid/propionic acid mixtures.

Higher boiling point carboxylic acids can also be
esterified in accordance with the present invention by
vaporizing said acids under reduced pressure, ie at
sub-atmospheric pressure, at temperatures that fall within
the stability range of cationic ion exchange resin
catalysts. .These acids include butyric, pentancic,
hexanoic acid, or, in principle, any other acid that can be
vaporized below 150°C, 200°C or 230°C depending on the
resin used as the catalyst, at atmospheric ox
sub-atmospheric pressure.

In principle,- any combination of alcohols and organic or
carboxylic acids that can be vaporized at zreduced or
sub-atmospheric pressures at temperatures below 150°C,
200°C or 230°C, depending on the resin used as catalyst,
can thus be esterified in the £fixed bed cationic resin
process of the invention.

The molar ratio of carboxylic acid(s) to alcohol(s) may
vary widely, typically between about 8,0:0,5 to about
0,5:8,0, eg between about 4:1 to about 1l:4; however, it is
believed that a molar excess of carboxylic acid(s) over
alcohol(s) will be beneficial, eg enhance catalyst
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stability over a period of time, as well as eliminate or at
least reduce - unwanted etherication and dehydration
(secondary and tertiary alcohols) side reactions. Thus,
for example, the molar ratio of carboxylic acid(s) to
alcohol(s) can typically be about 1,5:1,0.

The vaporized feedstock may include up to about 8% by mass
of vaporized water, based on the total feedstock. The
vaporized feedstock may also include up to about 20% by
mass of the carboxylic acid ester(s) produced in the
process, as a recycle component.

The Applicant has unexpectedly found that, by using the
combination of the vapour phase reaction and the cationic
exchange resin catalyst, high conversions and high
selectivities’ or yields, at high throughputs, are
obtainable with Fischer-Tropsch derived reactants. Thus,
conversions of at least 93%, typically 96% or higher, are
achievable, at a product yield or selectivity between 83%
and 99%, typically about 95%, and at a liquid hourly space
velocity between 0,1 and 20,0, typically between 2,5 and

5,0. In other words, when zregard is had to the
esterification reaction which takes place, ie
R,COOH + R,OH ¢ R,COOR, + H,0 ...... (1)

where R, and R, are hydrocarbon radicals, the esterification
reaction equilibrium is shifted significantly to the right
hand side of reaction (1) in the present invention, and
this is achieved without having to remove water.

It is known to those skilled in the art that the
equilibrium " constant K, where  K=[R,COOR,] - [H20] /
[R,COOH] - [R,0H], has a value of 4 for a 1liquid phase
sulphuric acid catalyzed ethyl acetate esterification
process when equimolar quantities of ethanol and acetic
acid are used as reactants. In the process of the present
invention, the equilibrium constant has unexpectedly been
found to have a value of 21-26 when acetic acid and ethanol
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are used in a 1:1 molar ratio as vaporized feedstock. The
relevance of this significant shift of the equilibrium
towards the ester product is even greater if it is taken
into account that contamination of the feedstock with up to
8% (by mass) water (based on the total feedstock mass) has
no adverse effect on the conversion to the ester product.

Based on known liquid phase esterification technology, it
would have been expected that higher reaction temperatures
would: increase reaction kinetics, but would also
simultaneously result in increased unwanted side reactions.
However, as indicated hereinbefore, it was surprisingly
found that in the process of the present invention, high
conversions and high selectivities are obtained using
Fischer-Tropsch derived reactants, with a low level of

unwanted side reactions, ie decrease selectivity. This
unexpectedly permits the use of a relatively simple
process, as regards product work-up, when using

Fischer-Tropsch derived feedstocks, since the high
conversions and high selectivities of the process render
separation of unreacted reactants and unwanted side effects
relatively straight-forward. This was unexpected in view
of the range of components present in Fischer-Tropsch
streams, eg Fischer-Tropsch alcohol streams.

In other words, it was sui'prisingly found that the reaction
between the chemisorbed carboxylic acid and alcohol is
profoundly faster than the reaction between the chemisorbed
ester and water that results in hydrolysis of the ester
product as well és faster than the reaction between two
alcohol molecules that results in unwanted dehydration to
ether and olefin side products, when the esterification
reaction is performed over a resin catalyst in the vapour
phase, particularly when the carboxylic acid is an excess
reagent. This not only results in a significant shift of
the esterification equilibrium towards formation of the
ester product, to obtain conversions in excess of 93% as



10

15

20

25

30

WO 98/25876 PCT/GB97/03436

S

hereinbefore described, but furthermore allows carboxylic
acids and alcohols to be esterified with excellent
selectivity, typically having a yield in excess of 95%, as
also hereinbefore described.

Due to the complexity of Fischer-Tropsch product streams,
it is normally uneconomic to purify the alcohols obtained
from the Fischer-Tropsch process to a purity in excess of
99%. Fischer-Tropsch derived alcohols are therefore
generally contaminated with other alcohols that are often
of the secondary type. Fischer-Tropsch derived ethylol,
for example, can also typically consist of 9%4,8% ethanol,
4,39% isopropanol and 0,81% other impurities. Since 2°
alcohols dehydrate to olefins with greater ease than 1°
alcohols, selectivity towards the ester product is of
utmost importance if Fischer-Tropsch derived alcohol
streams are to be esterified using resin catalysis, without
the resin catalyst being fouled by olefin oligomers. It
was thus surprisingly found that the process of the present
invention is particularly suitable for esterifying
carboxylic acids with Fischer-Tropsch derived alcohols.

The  Applicant has also surprisingly found that
transesterification of an ester with a Fischer-Tropsch
derived alcohpl can be effected by similarly reacting the
ester with the alcohol at elevated temperature and at a
pressure such that the reactants are in a vapour phase,
with the reaction being effected in the presence of a
temperature stable cationic ion exchange resin as a solid
catalyst. The reaction parameters and catalyst can thus be
as hereinbefore described.

The ester can thus be that obtained by reacting a
carboxylic acid with an alcohol, as hereinbefore described.
Instead, however, the ester can be that derived from
another source.
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- Thus, according to a second aspect of the invention, there

is provided a process for transesterifying an ester, which
process comprises reacting a first reactant comprising an
ester, with a second reactant comprising a Fischer-Tropsch
derived alcohol, at elevated temperature and at a pressure
such that the reactants are in a vapour phase, the reaction
being effected in the presence of a solid acid catalyst.

As stated hereinbefore, the zreaction parameters and
catalyst can be as hereinbefore described.

In one embodiment of the invention, the ester may be ethyl

acetate. The alcohol may then be propancl, 2°-propanocl,.

butanol, 2°-butancl, i-butanol, or mixture of two or more

such alcochols. The pressure may then be sub-atmospheric
pressure or greater.

The invention will now be described by way of example with
reference to the accompanying diagrammatic drawings and to
the non-limiting examples set out hereinafter.

In the drawings,

FIGURE 1 shows a simplified flow diagram of a process
according to a first embodiment of the invention, for
producing carboxylic acid esters; and

FIGURE 2 shows a simplified flow diagram of a process
according to a second embodiment of the invention, for
producing carboxylic acid esters.

Referring to’ Figﬁre l, reference numeral 10 generally
indicates a process according to a first embodiment of the
invention, for producing carboxylic acid esters.

The process 10 comprises a feed line 12 leading to a feed
vaporizer 14. A vaporized feed line 16 leads from the
vaporizer 14 to an esterification reactor 18 providing an
esterification reaction zone. The reactor 18 contains a
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catalyst bed 20 of solid catalyst particles comprising an
ion exchange resin containing sulphonic acid groups.

A flow line 22 leads from the reactor 18 to an acid
recovery column 24. A recycle acetic acid line 26 leads

5 from the bottom of the column 24 to the flow line 12. 2
wet product withdrawal line 28 leads from the top of the
column 24 to an acetate drying column 30. A bottoms
withdrawal line 32 leads from the bottom of the column 30
to an ethyl acetate recbvery column 34, while an . ethyl

10 acetate recycle line 36 leads from the line 32 to the line
22. A bottoms product withdrawal line 38 leads from the
bottom of the column 34, while an ethyl acetate overheads
line 40 leads from the top of the column 34.

An overheads withdrawal line 42 leads from the top of the
1s column 30 to a water/ethanol removal column 44. A water
make-up line 46 leads into the line 42. An effluent line
48 leads from the bottom of the column 44, while an ethyl
acetate azeotiope line 50 leads from the top of the column
44 to a flash separation drum 52. An ether withdrawal line
20 54 leads from the drum 52 to flare. An ethyl acetate
recycle line 56 leads from the drum 52 to the flow line 28.

In use, a feedstock comprising a Fischer-Tropsch derived
ethyl alcohol/isopropyl alcohol mixture containing some
water, typically not exceeding 8% by mass based on the
25 total feedstock, and a molar excess of acetic acid, enters
the process 10 along the flow line 12. This feed stream is
admixed, by means of the flow line 26, with recycled acetic
acid, to produce a composite feed stream. The composite
feed stream is completely vaporized in the vaporizer 14 by
30 heating it to a temperature up to 230°C (depending on the
resin used as catalyst in the reactor 18), eg about 105°C.
The vaporized composite feed passes along the line 16 to
the reactor 18. The reactor 18 operates at a pressure of
about 1 bar(a) (100 kPa(a)). |
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"In the reactor 18, part of the acid/alcohol mixture in the

composite feed is esterified by reaction catalyzed by the
catalyst bed 20, to yield a corresponding mixture of
esters. A product stream, comprising the corresponding
esters, unreacted acetic acid, water produced by
esterification, and unreacted ethanol, passes along the
flow line 22, to the acid recovery column 24. The column
operates at about 1 bar(a) (100 kPa(a)). Recycled
recovered ethyl acetate mixture, containing some isopropyl
acetate, from the column 30 is admixed with the feed to
column 24, to aid in azeotropic removal of water from
unreacted acetic acid destined for recycle back to the
reactor 18 via the recycle line 26.

Wet ethyl acetate vapoﬁr mixture is recovered as an
overhead product in the column 24 and passes along the flow
line 28 into the acetate drying column 30. The column 30
operates at a pressure of about 8 bar(a) (800 kPa(a)).
Most of the unreacted ethanol and water formed by reaction
in the reactor 18, together with the corresponding
azeotropic amount of ethyl acetate, is recovered as an
overhead fraction in the column 30, and exits the column 30
along the flow line 42.

Dry ethyl acetate/isopropyl acetate mixture is recovered as

. a bottoms fraction in the column 30, and withdrawn along

the line 32. Part of this mixture is recycled back to the
column 24 along the flow line 36, for azeotropic removal of
water from acid as hereinbefore described. The balance of
the mixture enters the column 34, where pure, eg 99,8% by
mass, ethyl acetate is recovered as an overhead fraction,
and withdrawn along the flow line 40. A mixture of mostly
isopropyl acetate and ethyl acetate is removed from the
column 34 as a bottoms fraction, along line 38. Column 34
operates at a pressure of about 1 bar(a) (100 kPa(a)).
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Water is admixed with the overheads from the column 30,
the water entering along the flow line 46. The water aids
with the removal of unreacted ethanol and water from the
ethyl acetate, in the column 44. Water and ethanol is
withdrawn from the column 44 along line 48 as an effluent,
while ethyl acetate is recovered, together with azeotropic
water and ethanol, along the flow line 50. The flow line
50 leads to the flash drum 52 which operates at a pressure
of about 1 bar(a) (100 kPa(a)). The flash drum 52 serves
to purge any ethers present due to by-products formation in
the reactor 18 and impurities present in the
Fischer-Tropsch alcohol mixture. The ethers are withdrawn
along the flow line 54.

The ether free ethyl acetate mixture is recycled back to
the ethyl acetate drying columns 30, along the flow lines
56, 28.

It 1is to be appreciated that when a different
alcohol/carboxylic acid mixture is used as a feed to the
reactor 18, and/or when a different reaction temperature is
used in the reactor 18, a different operating pressure,
typically between 0,05 and 3 bar(a) (5 and 300 kPa(a)), can
be used in the reactor 18, with the pressure being selected
such that the feed mixture is in the vapour phase at the
reaction temperature in question. The column 24 can then
operate at a pressure to match that of the reactor 18, eg
at a pressure between 0,05 and 10 bar(a) (5 kPa and
1000 kPa(a)).. Similarly, the columns 30 and 34, and the
flash drum 52, can then operate at a pressure to match that
of the reactor 18 and the column 24, eg at a pressure
between 0,05 and 10 bar(a) (5 kPa and 1000 kPa(a)).

Referring to Figure 2, .reference numeral 100 generally
indicates a process according to a second embodiment of the
invention, for producing carboxylic acid esters.
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Parts of the process 100 which are the same or similar to
those of the process 10 hereinbefore described with

reference to Figure 1, are indicated with the same
reference numerals.

The process 100 also comprises the feed line 12 leading to
the feed vaporizer 1l4. As in Figure 1, the vaporized feed
line 16 leads from the vaporizer 14 to the estexification
reactor 18, with the flow line 22 leading from the reactor
18 to the acid recovery column 24. As in Figure 1, . the
recycle acetic acid line 26 leads from the bottom of the
column 24 to the flow line 12. The wet product withdrawal
line 28 from the top of the column 24 leads to a phase
separator 102. A bottoms withdrawal line 104 leads from
the phase separator to an alcochol/ethyl acetate recovery
column 106. An overheads withdrawal 1line 108 from the
column 106 leads to the line 26, while a water withdrawal
line 110 leads from the bottom of the column 106. 2n
overheads line 112 leads from the phase separator 102 to
the water/ethanol removal or acetate recovery column 44.
The water make-up line 46 leads into the phase separator
102.

The ethyl acetate or overheads line 50 from the top of the
column 44 leads to the flash separation drum 52, as in
Figure 1. The effluent or bottoms withdrawal line 48 from
the bottom of the column 44 leads to the ethyl acetate
recovery column 34, while the ethyl acetate recycle line 36
leads from the line 48 to the line 22.

In use, feedstock comprising a Fischer-Tropsch derived
ethyl alcohol/isopropyl alcohol mixture containing some
water, typically not exceeding 8% by mass based on the
total feedstock, and a molar excess of acetic acid, enters
the process "along flow line 12. This feed stream is
admixed, by means of flow line 26, with recycled acetic
acid and an ethyl acetate/ethanol/water mixture, entering
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the flow line 26 along the flow line 108, to produce a
composite feed stream. The composite feedstream is
completely vaporized in the vaporizer 14 by heating it to
a temperature up to 230°C (depending on the resin used on
the reactor 20), eg to about 105°C. The vaporized
composite feed passes along line 16 to the reactor 18. The
reactor 18 operates at a pressure of about 1 bar(a) (100
kPa(a)) .

In the reactor 18, portions of the acid and alcohol mixture
in the composite feedstream are esterified by reaction
catalyzed by the catalyst bed 20, to yield a corresponding
mixture of esters. A product stream comprising the
corresponding esters, unreacted acetic acid, water produced
by the esterification reaction, and unreacted ethanol,
passes along the flow line 22, to the acid recovery column
24. The column 24 operates at about 1 bar(a) (100 kPa(a)).
Recovered ethyl acetate is recycled from the column 34
along the line 36, and is admixed with the feed to column
24, to aid in the azeotropic removal of water from the
unreacted acetic acid destined for recycle back to the
reactor 18 along line 26.

Wet ethyl acetate wvapour mixture is recovered as an
overhead product in the column 24 and passes along the flow
line 28 into the phase separator 102. The phase separator
102 operates at a pressure of 1 bar(a) (100 kPa(a)). Water
is admixed with the overheads from the column 24 in the
phase separator 102, with the water entering the phase
separator along flow 1line 4s6. Most of the unreacted
ethanol and water formed by the reaction in reactor 18,
together with the water added along flow line 46 to aid
phase separation, is recovered as an aqueous phase that
exits the phase separator 102 along flow line 104. The
agueous phase is saturated with ethyl acetate.
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The agqueous phase enters the alcohol/ethyl acetate recovery
column 106 where it is distilled. The ethanol and ethyl
acetate is thus stripped from the water and exits the
column 106 along flow line 108. A mixture containing
unreacted ethanol, ethyl acetate and stripping water is
thus recycled to the reactor 18 along flow line 26. Pure
water exits the column 106 along flow line 110 as an
effluent.

The organic phase, containing most of the ethyl acetate
mixture, saturated with water, is recovered in the phase
separator 102 and exits along flow line 112, to the acetate
recovery column 44. The column 44 operates at about 1
bar(a) (100 %kPa(a)). The remainder of the unreacted
ethanol and water in the organic phase, together with the
corresponding azeotropic amount of ethyl acetate, is
recovered as an overheads fraction in the column 44, and
exits the column 44 along flow line 50. It thus passes to
the flash drum 58 which operates at a pressure of about 1
bar(a) (100 kPa(a)). The flash drum serves to purge any
ethers present due to by-products formation in the reactor
18 and impurities in the Fischer-Tropsch alcochol mixture.
The ethers are withdrawn along the flow line 54.

The ethyl acetate mixture is recycled back to the phase
separator 102, along flow lines 56, 28.

Dry ethyl acetate/isopropyl acetate is recovered as the
bottoms fraction in the acetate recovery column 44, and
withdrawn along the line 48. This mixture enters the
column 34, where pure, eg 99,8% by mass, ethyl acetate is
recovered as an overhead fraction, and withdrawn along flow
line 40: Part of this ethyl acetate is recycled back to
the column 24 along flow line 36 for the azeotropic removal
of water from the acid as hereinbefore described. A
mixture of mostly isopropyl acetate and ethyl acetate is
removed from the column 34 as a bottoms fraction, along
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line 38. Column 34 operates at a pressure of 1 bar(a) (100
kpa(a)).

The feasibiliEy of the processes 10, 100 were verified on
laboratory scale, in the following non-limiting examples.

EXAMPLE 1

This example illustrates, in accordance with the invention,
vapour phase esterification of acetic acid and ethylol to
produce ethyl acetate. A reactor feed consisting of acetic
acid (99,50%) and ethanol (94,63%) was used. The alcohol
component or second reactant also contained 4,77%
isopropanol and 0,60 % of other impurities, which is
typical of a Fischer-Tropsch ethylol product. The acetic
acid and ethanol were mixed in a 1,62:1,0 molar ratio. The
feed was vaporized at 105°C, and fed continuously into the
bottom of a stainless steel reactor (25mm diameter) packed
with Amberlyst 36 sulphonic acid ion exchange resin beads
as catalyst,’ and which were preheated to 105°C. The
reactor was operated continuously at a LHSV of 2,5 for 10
days. Reactor effluent was condensed at 0°C in a cooler
and analyzed gas chromatographically. Table 1 depicts the
conversion of ethanocl and yield of ethyl acetate
respectively over time.

Conversion and yield were calculated as follows:

conversion of ethanol (%) = { (moles of ethanol fed -
moles of ethanol unreacted)
/ moles of ethanol fed} x
100

yield of ethyl acetate (%) = {moles of ethyl acetate
formed / moles of ethanol
fed} x 100
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TABLE 1
" Elapsed reaction Conversion of Yield of ethyl
time ethanol % acetate %
1 day 94,20 95,72
5 2 days 93,90 95,60
4 days 94,10 95.73 "
6 days "’ 93,60 95,61 “
8 days 93,70 95,64 "
10 days 93,53 95, 63 |
10 It can be seen that there was no significant deterioration
in either conversion or yield over the 10 days at the test,
thus indicating good catalyst stability.
EXAMPLE 2
This example illustrates the conversions and vyields
15 recoxrded for the esterification of acetic acid with various
alcohols. The reactor was operated at a LHSV of 5. Except
for a different feed composition (feed always consisted of
the alcohol and acetic acid in a 1,5:1,0 molar ratio) the
same operating conditions and setup as described in Example
20 1 were used to obtain the results summarised in Table 2.
TABLE 2
Conversion of Yield of acetate
Alcohol used acetic acid % - %
Methanol 94,31 99,00
Ethanol 91,47 89,24
25 Propanol 92,88 89,39
2%-propanol 79,10 75,36
Butanol 93,86 92,97
2°-butanol 81,67 71,20




10

15

20

25

30

WO 98/25876 : PCT/GB97/03436

19

EXAMPLE 3

This example illustrates, in accordance with the invention,
vapour phase esterification of acetic acid and sabutol, a
typical Fischer-Tropsch derived C, alcohol blend, to produce
sabutol acetates over Deloxan ASP sulfonated polysiloxane
catalyst. A reactor feed consisting of acetic acid
(99,50%) and sabutol (64,3% n-butanol) was used. The
alcohol component or second reactant also contained 16,06%
of a Cs; alcohol isomer not yet unambiguously identified (2-
pentancl or 3-methyl-2-butanol) as well as 15,94% of mostly
secondary C, alcohol isomers (probably 3-butanol, and iso-
butanol) and 3,7% other alcohols by mass. Except for
different feed composition (the feed always consisted of
the alcohol and carboxylic acid in a 1:2 molar ratio) the
same operating conditions and setup as described in Example
1 were used to obtain the results summarized in Table 3.

- TABLE 3
Component % Conversion
n-butanol 97

EXAMPLE 4

This example illustrates the conversions recorded for the
esterification of various higher boiling carboxylic acids
and alcohols under reduced pressures over a solid acid
cation exchange resin catalyst stable up to 150°C, eg
sulfonated poly- (divinylbenzene)/styrene type.

Except for different feed composition, pressure and
temperature (the feed always consisted of the alcohol and
carboxylic acid in a 1:2 molar ratio) the same operating
conditions, catalyst and setup as described in Example 1
were used to obtain the results summarized in Table 4.

In Table 4, selectivity (%) = {moles of ester / (moles of
ester + moles of by-products)} x 100
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TABLE 4
. Vaporizing
Alcohol Carboxylic | Temperature | Pressure % %
used acid used (°C) {mbar) Conversion | Selectivity

Propanol Propionic 100 854 80,3 83,5
100 400 78,4 84,5
100 200 63,1 83,5
n-Butanol Acrylic 104 284 40,7 96,4
121. 280 48,5 87,8
n-Butanol Butyric 100 140 93,8 98,9

100 144 89,6 88

Table 5 summarize the results obtained when using a solid
acid resin catalyst stable up to 230 °C, e.g. sulfonated
polysiloxane type. Except for different feed composition
and temperature (the feed always consisted of the alcohol
and carboxylic acid in a 1:2 molar ratio) the same
operating conditions and setup as described in Example 1
was used.

TABLE 5
Vaporizing

Alcohol Carboxylic | Temperature | Pressure % %

used acid used (°C) {mbar) Conversion | Selectivity
n-Butanol Acrylic 130 854 46,8 88
n-Butanol Butyric 150 854 94,5 92,9
* n-Butanol Acrylic 130 854 43,37 68,88

* - results obtained when excess alcohol was used in

the feed, under the same conditions.

EXAMPLE 5

This example illustrates the conversions recorded for the
esterification of n-butanol and ethanol with acetic acid
using a solid.acid cation exchange resin catalyst stable up
to 230°C, ie Deloxan ASP sulfonated polysiloxane catalyst.
Except for different feed composition and temperature (the
feed always consisted of the alcohol and carboxylic acid in
a 1:2 molar ratio) the same operating conditions and setup
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" as described in Example 1 were used to obtain the results
summarized in Table 6.

TABLE 6
Vaporizing
Alcohol Temperature % %
used {(°C) Conversion | Selectivity
Ethanol ) 105 93 99
n-Butanol 125 96 99

EXAMPLE 6

This example illustrates the conversions recorded for the
esterification of .n-butanol with acetic acid using a
solid acid cation exchange resin catalyst stable up to
230°C, ie Deloxan ASP sulfonated polysiloxane catalyst.
Except for different LHSV (the feed always consisted of the
alcohol and carboxylic acid in a 1:2 molar ratio) the same
operating conditions and setup as described in Example 1
were used to obtain the results summarized in Table 7.

TABLE 7
Vaporizing
Temperature
(°Q) LHSV % Conversion | % Selectivity
125 2,5 96 9%
130 2,5 97 99
130 7,5 96 99
130 15 ' 96 99
EXAMPLE 7

This example illustrates the conversions recorded for the
esterification of ethanol with acetic acid using a solid
acid cation exchange resin catalyst stable up to 150°C, eg
sulfonated poly-(divinylbenzene)/styrene type, with up to
20% by mass ethyl acetate recycled back to the reactor.
Except for different volumes of ethyl acetate in the feed
(the feed always consisted of the alcohol and carboxylic
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"acid in a 1:2 molar ratio) the same operating conditions,
catalyst and setup as described in Example 1 were used to
obtain the results summarized in Table 8.

- TABLE 8
Mass % excess ethyl acetate in feed % Conversion
0 92,3
5 82,3
10 92,3
15 92
20 S1,8

The work-up section of an esterification process generally
deals with the manipulation of azeotropes in order to
recover the ester product as well as excess reactants/
reagents for recycle back to the reaction zone. In the
process 10, the azeotropes are manipulated by means of
pressure swing distillation (’PSD’). This approach is
ideally suited for situations where water/alcohol/ester
azeotropes do not give sufficient phase separation in the
liquid phase.

There are, however, cases where a distillation-
phase-separation approach is preferred, from an economical
point- of view. The process 100 is based on such an
approach.

For those skilled in the art of esterification chemistry,
it is evident that driving of the equilibrium reaction to
completion and recovery of the: ester product from the
resulting alcochol/water/ester azeotropes are the major
issues that need to be addressed during the development of
an esterification process. Current processes typically
apply a variety of distillation methods to effect ester and
water removal from the esterification reaction in order to
drive the reaction to completion. Esters of medium
volatility generally form ternary azeotropic mixtures
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consisting of ester, alcohol and water thus allowing for

the ester and water products to be removed in a reactive
distillation column by means of azeotropic distillation.
Since the composition of the ternary azeotrope is seldom
such that ester and water products are removed in equal
proportions, ester and water build-up in the system is a
common problem associated with a reactive distillation
approach that can only be solved by recycling huge volumes
of alcohol back to the reactive distillation column in
order to remove the surplus water or ester azeotropically.
The much-simplified work-up sections of the processes 10,
100 as a direct result of a high per pass conversion to
ester products, therefor represents a significant advantage
of the present invention over known esterification
processes.

The Applicant has found that the following further

advantages arise when using the present invention:

- the lesser amount of alcohol in the reactor product,
as compared to the reaction product when using known
esterification processes, results in a more cost
effective work-up of the product in situations where
difficult to separate azeotropes are formed between
the excess alcohol, reaction water and ester products,
especially when Fischer-Tropsch alcohol mixtures are
used as feed;

- catalyst fouling by olefinic by-products that result
from alcohol dehydration, is suppressed;

- recycle of wet feed (up to 8% H;0) has no adverse
effect on the conversion to ester products;

- there is little or no decrease in catalyst life due to
attrition as would arise if, for example, a fluidized
bed were used;

- there is no necessity to remove ester or water in
order to shift the equilibrium of reaction (1) to the
right hand side;
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- higher conversions than are obtainable with known
ligquid phase esterification reactions which are
limited by the continuous azeotropical removal of
water as well as the recycle of huge wvolumes of
excess reagent that is needed to ensure acceptable
conversion to the ester product, are achievable;

- since a. solid resin is wused as a heterogeneous
catalyst, the product is easily separated therefrom,
contamination of the product with catalyst is avoided,
and effluent problems are minimized.

The Applicant has also found that the resin catalyst’s
performance in a vapour phase process as hereinbefore
described appears to be more stable over time when an
excess acid (typically 1,5:1,0 molar ratio)is used in the
feed compared to situations where an excess alcohol
(typically 1,5:1,0 molar ratio) is employed. Since ethanol
contaminated with some isopropancl, as found in the
Fischer-Tropsch ethylol mixture, was used as the alcohol in
tests, such as in Example 1, the Applicant believes,
without wishing to be bound by this theory, that this may
arise from the fact that undesirable side reactions where
the secondary alcohol is dehydrated to olefinic by-products
that can foul the polymer beads, are inhibited when excess
acid is wused. The efficient way in which secondary
alcohols, especially when in mixtures as is the case with
Fischer-Tropsch alcohols, are dealt with reflects another
significant advantage of an excess acid vapour phase
esterification process in accordance with the invention.

Known ligquid-phase esterifications where an excess alcohol
is emp loyed to shift the equilibrium towards
esterification, ie to shift reaction (1) to the right hand
side, is often hampered by the effort that needs to be
invested in order to recycle the excess alcohol feed. This
is especially true for the production of ethyl acetate from
acetic acid. and ethanol where skilful azeotropic
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distillations are needed to recover the excess ethanol for
recycle. For those skilled in the art, it is clearly
evident that acetate/alcohol mixtures would further
complicate the recycle/azeotropic work-up required by the
conventional process. Based on the principle that ethyl
acetate can be used to dry acetic acid in extractive
distillation, the current invention allows for a more cost
effective product work-up if an excess acid approach is
utilized to produce ethyl acetate. In contrast to excess
alcohol processes where the recovery and drying of the
excess alcohol feed is complex, acetic acid is fully
recovered in a pure enough form to be recycled in a first
downstream product distillation step.

Since the contact time of the reagents with the resin
catalyst in the wvapour phase process of the invention is
short in comparison with liquid-phase esterification
processes, the current invention furthermore allows for the
esterification of unsaturated carboxylic acids (eg acrylic
and methacrylic acid) with suppressed polymerization of
the starting materials and products, as hereinbefore
stated.
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CLAIMS:

1. A process for producing a carboxylic acid ester,
which process comprises reacting a £first reactant
comprising at least one carboxylic acid with a second
reactant comprising at’ least one alcohol, with the
carboxylic acid and/or the alcohol being Fischer-Tropsch
derived, and with the reaction being effected at elevated
temperature and at a pressure such that the reactants are
in a vapour phase, the reaction further being effected in
the presence of a temperature stable solid acid catalyst,
thereby to produce at least one carboxylic acid ester.

2. A process according to Claim 1, wherein the solid
acid catalyst comprises a cationic ion exchange resin.

3. A process according to Claim 2, wherein the
cationic ion exchange resin is a sulfonated polystyrene or
polydivinylbenzene resin, a sulfonated polysiloxane resin,
or a sulfonated perfluorinated resin.

4. A process according to claim 3, wherein the
sulfonated polystyrene resin is used as the catalyst, and
wherein . the elevated temperature at which the reaction
takes place does not exceed 150°C.

5. A process according to Claim 3, wherein the
sulfonated polysiloxane resin is used as the catalyst, and
wherein the elevated temperature at which the reaction
takes place does not exceed 230°C.

6. A process according to Claim 3 wherein the
sulfonated perfluorinated resin is used as the catalyst,
and wherein the elevated temperature at which the reaction
takes place does not exceed 200°C.
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7. A process according to any one of Claims 2 to 6
inclusive, wherein the reaction of the first and second
reactants is effected in a reaction zone containing a fixed
bed of the catalyst in particulate form through which the
reactants pass, with the reactants being fed into the
reaction zone as a vaporized feedstock comprising a binary
mixture of ‘the reactants which has a boiling or
vaporization point lower than the boiling point of the
highest boiling of the reactants, with the pressure in the
reaction zone being between 0,05 bar(a) and 3 bar(a), so
that the binary mixture is in the vapour phase, and with a
molar excess of the carboxylic acid being present in the
binary mixture.

8. A process according to Claim 7, wherein the molaxr
ratio of the carboxylic acid to the alcohol is about
1,5:1,0.

9. A process according to Claim 7 or Claim 8,
wherein the vaporized feedstock includes up to 8% by mass
of vaporized water.

10. A process according to any one of Claims 7 to 9
inclusive, wherein the vaporized feedstock includes up to
20% by mass of the carboxylic acid ester(s) produced in the
process, as a recycle component.

11. A process according to any one of Claims 2 to 10
inclusive, wherein the second reactant comprises a
Fischer-Tropsch derived alcohol mixture.

12. A process according to Claim 11, wherein the
Fischer-Tropsch derived alcochol mixture is ethylol,
propylol, or sabutol.
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13. A process according to any one of Claims 2 to 12
inclusive, wherein the first reactant comprises
Fischer-Tropsch derived acetic acid or propionic acid.

14. | A process according to any one of Claims 2 to 12
inclusive, wherein the first reactant comprises a
Fischer-Tropsch derived acetic acid/propionic acid mixture.

15. A process according to Claim 1, wherein a molar
excess of the carboxylic acid is used.

16. A process according to Claim 15, wherein the
molar ratio of the carboxylic acid to the alcohol is about
1,5:1,0. '

17. A process according to Claim 1, wherein the first
reactant is a Fischer-Tropsch derived alcochol mixture.

18. A process according to Claim 1, wherein the
second reactant is a Fischer-Tropsch derived carboxylic
acid mixture.

19. A process for transesterifying an ester, which
process comprises reacting a first reactant comprising an
ester with a second reactant comprising a Fischer-Tropsch
derived alcohol, at elevated temperature and at a pressure
such that the reactants are in a vapour phase, the reaction
being effected in the presence of a temperature stable
solid acid catalyst.

20. A process according to Claim 19, wherein the
solid acid catalyst comprises a cationic ion exchange
resin.

21. A process according to Claim 20, wherein the
cationic ion exchange resin is a sulfonated polystyrene
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‘resin, a sulfonated polysiloxane resin, or a sulfonated

perfluorinated resin.

22. A process according to any one of Claims 19 to 21
inclusive, wherein the first reactant is a carboxylic acid

ester obtained from the process of any one of Claims 1 to
18 inclusive.

23. A process according to any one of Claims 19 to 22
inclusive, wherein the second reactant comprises a

Fischer-Tropsch derived alcohol wmixture.

24. A novel process for producing a carboxylic acid
ester, substantially as described and illustrated herein.

25. A novel process for transesterifying an ester,
substantially as described and illustrated herein.
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