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This invention relates to a process for recovery of a
carboxylate ester reaction product from a reaction zone by
withdrawal and fractionation of a reaction mixture comprising said
carboxylate ester in admixture with at least one azeotrope-forming
alcohol precursor as well as further impurities. This invention
more particularly relates to the recovery of a purified carboxylate
ester, preferably an alkyl ester of acryiic or methacrylic acid,
from a reaction effluent of a continuous production process, which
comprises the carboxylate ester product in admixture with the
corresponding alcohol forming an azeotrope with the ester, as well
as further impurities which may or may not form azeotropes with the
carboxylate ester and/or the alcohol.

Various production processes for carboxylate esters are
effected using an alcohol precursor to the cérboxylate ester at a
concentration in the reaction zone in excess of the required
stoichiometric amount. For example, in equilibrium reactions the
reaction may thus be driven to near completion. Or, in catalysed

reactions the conversion rate in terms of product produced per unit

- of catalyst and time may be increased. The alcohol precursor in-

excess of the required stoichiometric amount may be discarded, if
it is cheap, but preferably is recycled to the reaction zone in a
continuous or semi-continuous operation mode of the process. In any
case it must be separated from the reaction product, for example by
fractionation. '

For reaction mixtures comprising an admixture of the
carboxylate ester reaction product and the excess alcohol
precursor, which exist in liquid form under the conditions of
temperature and pressure applied, the fractionation conveniently
utilises the different volatilities of the constituents to be
separated, for example by distillation. This’will present no
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However, if the carboxylate ester reaction product and alcohol

precursor form an azeotrope, this azeotrope will be separated due

to its higher or, occasionally, lower volatility than that of the

_ carboxylate ester reaction product. Since containing part of the

reaction product, this azeotrope will usually be recycled to the

reaction for economic reasons. In a continuous process, when

' recycling part of the reaction effluent, provisions should be

~effected for avoiding any build-up of contaminants, such as

originating from the reactants, from side reactions or from
catalyst residue. Accordingly, bleed streams containing such
contaminants should be withdrawn from the process. Heavy ends
having lower volatility and light ends having higher volatility
than the reaction product or. azeotrope can be cut off by flashing
or as bleed streams and/or distillation overheads or-bottoms at a
suitable location, preferably where the highegt concentrations of
the contaminants concerned occur using conventional methods. These
topping or tailing steps will not remove any intermediate
contaminants, which hgve a volatility in between the wvolatilities
of the azeotrope and the reaction product, or which form further
azeotropes with the reaction product in this volatility range.
US-A-4280010 discloses a continuous procgs; for the production
of alkyl acrylates by reaction of acrylic acid with an excess of a’
lower alkanol, wherein the organic phase of the product stream
comprising acrylate ester and precursor alcohol is fed to a
distillation column for fractionation into an azeotrope stream of
alcohol and ester over the top of the column, which stream is being
recycled to the reactor, and a stream of crude ester product over
the bottom of the column, which is subjected to further
purification by distillatibn until pure. Heavy ends are removed

from the system by a bleed stream from the reactor, whereas
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Substitjute sheet - 5 August 1996 -2- conditions of tenperature and pressure
applied, the fractionation conveniently utilises the different volatilities
of the jconstituents to be separated, for exanple by distillation. This wll
presentj no problem for reaction m xtures of zeotropic nature, in which the

consti tjuents have discrete volatilities. Al3c topping and/or tailing of the
. reactign product and/or the recycled al cohol precursor fromlight end

and/ or :heavy entpntémivantsabeklingbatiesn (fhectgtesakrohsl myeateapgasns theni cal

"technol:ogy. HoVW&S estdr apfareditDp atedtenodel Ofn ERAE QD RIOELGiaRdapcohol
precursor forman ageol 386128 Aic13552" thaPproduction of methyl iscbutyrate or
methacrylate by a direct esterification process, wherein an excess
5 of isobutyric or methacrylic acid precursor is used in the reaction
zone for shifting the reaction equilibrium and minimising the
amount of alcohol in the reaction effluent in an attempt to
overcome the problems associated with azeotrope formation. However,
this method is not applicable to processes, such as transesterifi-
_ 10 cations and carbonylations, using other precursors than the free
: acid; leads to methacrylic acid losses due to required bleed
streams; and may lead to polymerization problems in the methacrylic
acid recycle stream.
Further processes aiming at the separation of components

15 having close volatilities are known, for example from US-A-4070254,
US-A-4518462 and EP-A-390577, which add an extraneous component to
the mixture for forming an azeotrope with the impurities to be
removed, which is more easily separated from the product to be
purified. '

20 Due to azeotrope formation, the known recovery processes have
in common, that the separated stream containing ;he excess of
alcohol precursor also comprises part of the carboxylate ester
product. In practice, the concentration of carboxylate ester
reaction product in the azeotrope stream will be higher even than

25 its'azeotropic concentration. Firstly, in a commercially operated'
distillation column the theoretical degree of separation can only
be approximated using economically acceptable equipment. Secondly,
as purification of the carboxylate ester product is the primary
target of the recovery process, the distillation will preferably be

30 operated such that the most effective separation regarding the
carboxylate ester is achieved also in respect of further impurities
present in the reaction effluent, which have a volatility in the
range between the volatilities of the ester and the azeotrope.
Therefore, in case the azeotrope has a volatility higher than that

35 of the pure carboxylate ester the reaction effluent is preferably

—— .

cut at a volatility just above the volatility of the pure
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will be separated due to its higher or, occasionally, lower volatility than
that pf the carboxyl ate ester reaction product. Since containing part of
the rpaction product, this azeotrope will usually be recycled to the
reactjon for econonmic reasons. In a continuous process, when recycling part
of the reaction effluent, provisions shoulgd be effected for avoiding any
bui Il drup of contam nants, such as originating fromthe reactants, from side

reactj ons or fébogplatleysétercso d#ﬁiewACQoffﬂcﬁﬁbﬂhtibheﬁﬁos%_&%ﬁﬁctcggi- é ing

' houl-d_b it f th . avy en Vi ng
Cover | vol ot I RaressnciaLiy ekt ot {ABK s IRt Pl kng 4 pgeammae migermact | on
product or azewmpupsinganlbefctie akéotxppé| frhing aleolsl Prénassi radans and/ or
di stifl l ati on %e%@ﬂitgriﬁ%?i% at vi%li.uist %bgf%ggg%trrﬁggd%%%ﬁéte&gbl y where

t he hi ghest concentrations t he contam nants fng
conventi ohal reATReEELatehester: ofinicacbeing recycled to the reaction zone, in

principle this part of the carboxylate ester product is not lost.
However, the presence of the intermediate impurities will lead to
an undesired accumulation in a continuous process. This should be
avoided by bleeding part of the recycle stream or by application of
10 a further fractionation step into a substantially pure azeotrope
for recycle and a bottoms containing the intermediate impurities
for disposal.
After separation of the substantiallj pure azeotrope, this
bottoms stream comprises some of the carboxylate ester product as
15 its major constituent, which is disposed in view of its content of
intermediate impurities with consequent reduction of the total
yield of the carboxylate ester production process. Moreover, some
impurities, such as water, in this bottoms stream may cause
miscibility problems. .
20 The present invention aims at solving these problems by
' providing a recovery process, which avoids the use of valuable
reaction product as a c;rrier for the intermediate impurities to be
bled from the process. -
Accordingly, it is provided a recovery process as indicated
25 above, which process comprises the steps of:
a) fractionafing the reaction mixture into a carboxylate ester
product-containing stream and a first azeotrope stream;
b) adding sufficiently additional azeotrope-forming alcohol
precursor to the first azeotrope stream obtained by step (a) for
30 providing a total concentration of the alcohol in excess of its
azeotropic concentration; and
c¢) fractionating the alcohol-enriched stream obtained by step (b)

into a second azeotrope stream for recycle to the reaction zone and

a first residu stream for disposal.
35 By the process of the invention, it is achieved that the first
residue stream containing intermediate impurities to be withdrawn
—_—
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or tailli ng steps will not renobve any intermediate contam nants, which have
a volatfility in between the volatilities of the azeotrope and the reaction
productf, or which form.further azeotropes with the reaction product in this
vol atiljity range. US-A-4280010 discloses a continuous process for the
Substi ffute sheet - 5 August 1996 -3- produstd on of al kyl acrylates by
reacti ¢n of acrylic acid with an excess of a | ower al kanol, wherein the
organi ¢ phase &fon [the maﬂux}labrmcmmbsimgpmeylsaéﬁpesia th@chlebRELII SOF

al coholf is fed ta ti tion_into an azeotrope
streamof al coﬁhﬁmgﬁg* ngslt g%g g t,%%i‘{@l— ch?porﬁggcg?mg SWATTHR % ér1eam I S
bei ng: cheaper alcohol precursor rather than of valuable ester product is

discarded with consequent increase of the total yield of product.

5 Moreover, alcohols generally having more versatile solvent
properties than esters, any miscibility problems with aqueous
constituents of the first residue stream are avoided.

Also, the present recovery method is very conveniently -
incorporated into a carboxylate ester production process. Part of

10 the additional azeotrope-forming alcohol precursor added in step
(b) will be recycled to the reaction zone due to a relative
increase of the volume of the azeotrope stream obtained in step (c)
and will serve as (part of) the feed of the carboxylate ester
production process. The specific amount can readily be compensated

15 by a corresponding decrease of the regular alcohol precursor feed.
Moreover, the present method does not introduce any extraneous
component, so that no complication of the purification steps
occurs. .

The present recovery method may be applied to reaction

20 effluents from various carboxylate ester production processes, .
which use as one of the precursors an alcohol forming an azeotrope

. with the carboxylate ester product. Such processes typically
include direct esterifications of carboxylic acids with alcohols,
. transesterifications of carboxylate esters with different alcohols,

25 and carbonylations of ethylenically and/or acetylenically
unsaturated compounds in the presence of alcohols.

Preferably, such processes are conducted employing a
"stoichiometric excess of alcohol precursor in the reaction zone,
for example for shifting the equilibrium or increasing the catalyst

30 efficiency. However, also when employing.equivalent alcohol
precursor feeds, the reaction effluent may contain remaining
alcohol precursor due to incompleteness of the reaction and may
then be subjected to the present recovery method. Since such

effluents will also contain corresponding unreacted amounts of the
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recyclpd .to the reactor, and a stream of crude ester product over the
bot t onf of the colum, which is subjected to further purification by
distil]ation until pure. Heavy ends are renoved fromthe system by a bl eed
streanffromthe reactor, whereas contam nants boiling between the

ester/pl cohol azeotrope and the pure esteréapparently are renoved in the
final purification step. US-A-4250328 di scl oses the production of nethyl

i sobutyrate orotharhntesursees (npmplifiating theirificationrstepacddes, 1afitérei n an

excess| of | sobgberdtgoR 'modet \ATbY | grefastedd.precursor is used in the reaction
zone fpr shifting the reaction equilibrium I ni ) sing the grmunt of

, d
al coho] in the realfi-brPicel|exenples,of Pairs of,Carbpxyiate §/Ee% #2%r obl ens
associpt ed W t Borrespbiding hDddalimenridiowanche mblie Dfmmétiardol methyl appl i cabl e
Lo Propesses, such3s 4JANRShEthY GabhAYRaaN bR etk Rrylild10 O her

precurgors t haf®tHe 1 r'e
methanol/methyl methacrylate, n-butanol/n-butyl formate, and

n-pentanol/n-pentyl formate, all forming binary azeotropes. The
present recovery method can also be used, if the carboxylate ester
and corresponding alcohol together with further component(s)

10 present in the reaction effluent form ternary or higher azeotropes,
such as water/methanol/methyl chloroacetate, water/ethanol/ethyl
acetate, water/n-propanol/n-propyl acetate, and water/isoamyl
alcohol/isoamyl acetate.

Extensive literature data on azeotropic compositions and

15 reliable empirical formulae for correction factors for specific
physical conditions are available. On this basis, the minimum
amount of additional azeotrope forming alcohol precursor required
for attaining a total concentration of the alcohol in excess of its
azeotropic concentration, can readily be calculated. Higher amounts

20 may be added and may contribute to a higher degree of purification.
Upper limits will essentially be determined by economic con-
siderations. ' )

It is preferred, that the reaction product to be recovered by
the process of the invention is an ester of an unsaturated

25 °  carboxylic acid, as such products find extensive use in polymerisa-
tion processes imposing severe standards on their impurity.
Representative unsaturated carboxylic acids may have from 3 to 6
carbon atoms.

The azeotrope-forming alcohol precursor in the process of the
- 30 invention preferably is an alkanol, typically having from 1 to 6,
more typically from 1 to 4 carbon atoms. Consequently, the
corresponding reaction product is an alkyl ester of an unsaturated
carboxylic acid.
Most preferred reaction products are constituted Sy the class

35 oflcl-ca-alkyl acrylates and methacrylates, in which case the
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aci d; lfeads to nethacrylic acid | osses due to required bl eed streans; and
may | ead to polynerization problens in the methacrylic acid recycle stream
Furthef processes aimng at the separation of conponents having cl ose

vol atiljities are known, for exanple from US-A-4070254, US-A-4518462 and
EP- A- 390577, which add an extraneous conpohent to the mixture for formng
an azegtrope with the inpurities to be rempved, which is nore easily
separafed fronPERFIEPehaTming aleohal; precaysonis the geevdspopdirigor nation, the

known fecover ycpi@caskamllagamples QITRLt bhé¥erth® REPAIA! fbadbEEUPe

Substiqute ShegetﬁjISaé“J %%L,%? ;a-gi}ylate, n-butyl acrylate, methyl metha-
crylate and n-butyl methacrylate.

5 A most preferred reaction product as methyl methacrylate may
have been prepared by direct esterification of methacrylic acid
with methanol in the presence of, for example, an acid catalyst, or
by reaction of propyne with carbon monoxide and methanol in the
presence of a cationic palladium/phosphine catalyst. As indicated

10 above, the alcohol will normally have been present in the reaction
zone in stoichiometric excess relative to methaérylic acid or

H propyne, respectively. Whether or not all methacrylic acid or
propyne has been converted, the reaction effluent will then contain
residual alcohol besides the methyl methacrylate product.

15 Reaction mixtures, from which carboxylate ester reaction
products are to be recovered in accordance with the invention, may
besides intermediate impurities comprise high and/or low boiling
ends, it means impurities having a lower or higher voiatility than
the reaction product or azeotrope, respectively; or vice versa, if

20 the azeotrope is a negative azeotrope. For obtaining a pure
product, it is desired that such impurities are removed.

Therefore, ‘according to a preferred embodiment of the
invention, the process further comprises the step of separating a
stream comprising heavy ends having a volatility lower than the

35 volatilities of the reaction product and azeotrope. This tailing of
heavy ends can be effected using common chemical technology, for
example by distillation. The heavy ends may be discarded in a
responsible manner. Frequently, the heavy ends will comprise
catalyst or catalyst residues, in which case recycling of the

30 catalyst or some of its components, optionally after regeneration,
may be considered for economical reasons. The step of tailing the
heavy ends may be effected prior to or after the separation of the
azeotrope stream.

Another preferred embodiment of the process according to the

B invention further comprises the step of separating a stream
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contaiping the excess of al cohol precursor also conprises part of the
carboxlyl ate ester product. In practice, the concentration of carboxylate
eaction product _in the azeotrope streamw || be higher even than its
azeotrjopi ¢ concentration. Firstly, in a commercially operated distillation

colunmy the theoretical degree of separatiog .can only be approxi mated using
econonj cal | y acceptabl e equi pnent. Secondly, as purification of the

car boxyl at e estenprisinlQlight dnde Huvifigray vobatjaityhipher tham\they process,
the dijstill atigQn . referably b er heno ffective
separ gtion reggérlcf\l@ﬁ%hf’ﬁees 3gr%‘5x§f%1°t%§9€estag‘lrl%flgggg% ég%&d‘ c%l’so | %L}Fpg’é;ﬁe‘g{ of
furthdr inpurilight pnds@an be effiectedawsingncammpn ghemicahiteshnedogy q for

volatillity in {hs1ange JetyBeRisderVPlahihd.lies of the ester and the
azeotrjope, Therefore, 7in _case the azeotrope has a volatility higher than

that df the pure caPbEhe Exserionations accozding &p the invention,’ the “several

streams are differentiated and separated by their different
volatilities. The fractionation may be effected by applying a
temperature gradient under isobaric conditions. It may also be
effected by staged pressure release under isothermic or pseudo-

10 isothermic conditions. It is preferred that the fractionation is
effected by distillation.

‘ Taken as an example for illustrative purposes, the reaction
effluent of the carbonylation of propyne in the presence of
methanol (MeOH) to produce methyl methacrylate (MMA) may comprise

15 52 mols of MMA and 46 molt MeOH besides minor amounts of
impurities, such as water and acetone. When the MMA product is to
be recovered in accordance with the invention, the reaction
effluent may be fractionated in a first distillation column having
16 trays applying a feed entry at tray No. 6, a-pressure of 0.5

20 barabs and temperatures at the bottom and top of the column of 80
and 43 °C, respectively. This will result in a cut of the stream at
slightly under the boiling point of pure MMA providing a heavy
ends-containing MMA product stream over the bottom of the column,
and over the top a first azeotrope stream comprising 9.34 mol% of

25 MMA, 90.45 mols of MeOH and 0.21 mols of water, besides trace
amounts of impurities more volatile than MMA. If desired,
impurities boiling at lower temperatures than the azeotrope may be
removed from the process at this point, for example by flashing or
distillation. The azeotropic composition under the conditions

30 applied is 4 mols of MMA and 96 mols -of MeOH.

Direct tailing of this azeotrope stream for removal of trace
impurities, such as acetone, boiling in the range between the
azeotrope and pure MMA, and without applying the teaching of the
present invention, by distillative fractionation over a second

35 column (10 trays; feed entry: tray No. 6; p = 0.5 barabs; Tbot -
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‘efflugnt. is preferably cut at a volatility just above the volatility of the

pure

arboxyl ate ester to achieve a fractionation into a product stream

substdntially free of lighter inpurities and an azeotrope stream conprising

al |l of

the azeotrope form ng al cohol precursor and internediate inpurities

as welfl as a significant amount of t-he caﬁboxylate ester. Since being-
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bottofs stream conprises sone

withdrawn from the process at this point.
In accordance with the invention, additional MeOH is added to .
this first azeotrope stream for raising its molar concentration to
94.60 mols, whereby an alcohol enriched first azeotrope stream of

10 composition of 5.28 mols of MMA, 94.60 molt of MeOH and 0.12 mols
of water, besides trace amounts of impurities is obtained.
Fractionation of this stream over a second column (10 trays; feed
entry: tray No. 6; p = 0.5 barabs; Tor = 35 °C; Ttop = 45 °C)
provides a top product for recycle comprising 5.33 mol% of MMA,

15 94.66 mols of MeOH and 0.01 mols of water, substantially free of
intermediate impurities, and a bottom product for disposal com-
prising 3.26 mols of MMA, 91.72 mols of MeOH and 5.00 molg of
water, besides the intermediate impurities. '

It is seen that the invention effects a substantial reduction

20 of the proportion of MMA discarded over the bottoms of the second
column. Moreover, the high proportion of methanol in this bottoms
stream obtained in accordance with the invention, precludes any
miscibility problems regarding the amount of water present.

Expressed in terms of flow for a process generating a first

25 azeotrope stream at a rate of 380.50 kg/hr of MMA, the molar

composition data may be tabulated as follows:
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"car bbkyl ate ester product as its mgjor constituent, which Substitute
sheet]- 5 August 1996 is disposed in view of its content of internediate
inmpurjties with consequent reduction of the total yield of the carboxylate
ester}production process. Mreover, sone inmpurities, such as water, in this
bottops stream nmay cause mscibility protd ens. The present invention ains
at sofving these problens by providing a recovery process, which avoids the
use o} valuable reaction product asnventdsu:i er for tOutside dnnenkiigzne
inpurjties to Eetblzedof[_'om the process. Accordingly, it is provided a

r eCovery proc ted above, which process conpri ses t he steps of:
a) frpctionat¥Mig the reaction mxt u380.5rke/hx car boxyl at e380.5 kg/hr

MeOH 1179.9 kg/hr 1179.9 kg/hr
water 1.6 kg/hr 1.6 kg/hr
MeOH (added) 1000 kg/hr -
Recycle stream

MMA 375.2 kg/hr 298.7 kg/hr
MeOH 2132.1 kg/hr 1163.0 kg/hr
water 0.1 kg/hr 0.2 kg/hr
Disposal stream : _

MMA 5.3 kg/hr 81.8 kg/hr
MeOH 47.8 kg/hr 16.9 kg/hr
water 1.5 kg/hr 1.4 kg/hr
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est er |product-containing streamand a first azeotrope stream b) adding
suffidiently additional azeotrope-formng al cohol precursor to the first
azeot rljope stream obtained by st (a) for providing a total concentration

of thg al cohol excess of its azeotropic concentration; and c)

fractijonating t ‘ ﬂm“! d streantobtained by step (b) into a
second azeotropqmm\amn““ le to the reaction zone and a first residu
streath for di sposal.c By tMe process of the invention, it is achi®ueglt hat
the fijrst residue streamcontaining internediate inpurities to be w thdrawn
from fhe carboxyl ate ester production process conprises the al cohol
precuffsor as its major carrier conpon@diA TM& an amount of cheaper

al cohgl precursor rather than of valuable ester product is discarded with
consedquent ingrease of the_total yield_ of Brodugt . Moreover, .al cohal s

gener gl |y havitng RoPpECcess for recovery of a carboxylate ester reaction product

from a reaction zone by withdrawal and fractiomation of a reaction

mixture comprising said carboxylate ester in admixture with an

azeotrope-forming alcohol precursor as well as further impurities,
5 which process comprises the steps of:

a) fractionating the reaction mixture into a carboxylate ester

product-containing stream and a first azeotrope stream;

b) adding sufficiently additional azeotrope-forming alcohol
precursor to the first azeotrope stream obtained by step (a) for

10 providing a total concentration of the alcohol in excess of its
‘agzeotropic concentration; and
c¢) fractionating the alcohol-enriched stream obtained by step (b)
into a second azeotrope stream for recycle to the reaction zone and
a first residu stream for disposal. _

15 2, A process as claimed in claim 1, further comprising the step
of separating a stream comprising heavy ends having a volatility
lower than the volatilities of the reaction product and azeotrope.
3. A process as claimed in claim 1 or 2, further comprising the

~ step of separating a stream comprising light ends having a

20 volatility higher than the volatilities of the azeotrope and
reaction product.

4, A process as claimed in any one or more of claims 1-3, wherein

the reaction product is an ester of an unsaturated carboxylic acid.

5. A process as claimed in claim 4, wherein the azeotrope-forming
25 alcohol precursor is an alkanol. |
f 6. A process as claimed in claim 5, wherein the reaction product
t is an alkyl acrylate or methacrylate and the azeotrope-forming

alcohol precursor is the corresponding alkanol.

7. A process as'claimed in any one or more of claims 1-6, wherein
30 the fractionation is effected by distillation.
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met hod does not introduce any extraneous conponent, so that no conplication
of the purification steps occurs. The present recovery nethod may be f S
applied to reaction effluents from various carboxyl ate ester production
processes, which use as one of the precursors an al cohol form ng an

azeotrope with the carboxylate ester produri.. Such processes typically

include direct esterifications of carboxylic acids with al cohols,
transesterifications of carboxylate esters with different al cohol g,1281d
carbonyl ati ons of ethyleénically and/or acetylenically unsaturated conpounds

in the presence of alcohols. Preferably, such processes are conducted

enpl oyi ng a stoichionetric excess of &BcBHBIR Ar@diirsor in the reaction

zone, for exanple for shifting the equilibriumor increasing the catalyst

e by, Fovever. 2l 38cHHRY GFURNGATATE YRR SRhcRiok ProvuBts " >
The invention relates to a process for.recovery of a

carboxylate ester reaction product from a reaction mixture further
comprising an azeotrope-forming alcohol precursor and further
impurities, by fractionating the reaction mixture into a
carboxylate ester product-containing stream and a first azeotrope
stream; adding sufficiently additional azeotrope-forming alcohol
Precursor to the first azeotrope stream for providing a total
concentration of the alcohol in excess of its azeotropic
concentration; and fractionating the alcohol-enriched stream into a
second azeotrope stream for recycle to a reaction step and a first

residu stream for disposal.

C16/T1251FF



635977
reaction effluent may contain renaining al cohol precursor due to s
I nconpl'eteness of the reaction and may then be subjected to the present
recovery nethod. Since such effluents will also contain correspondi ng
unreacted anmounts of the other precursors conglp ﬁhhﬁghEQ@ gqguéugﬁigge
steps, the latter operation node is not referr=§ As typical exanples of
pairs of carboxylate ester and correspondlkg al cohol nention can be nade of
met hanol / met hyl acetate, nethanol/nethyl isobutyrate, netharblVafet [§IN

acryl ate, nethanol/nethyl nethacryl ate, Substitute sheet - 5 August 1996

-7- n-butanol /n-butyl formate, and n-pentanol/n-pentyl
RECOVERY OF CARBOXYLATE ESTER REACTION PRODUCTS

This invention relates to a process for recovery of
a carboxylate ester reaction product from a reaction zone
by withdrawal and fractionation of a reaction mixture
comprising said carboxylate ester in admixture with at
least one azeotrope-forming alcohol precursor as well as
further impurities. This invention more particularly
relates to the recovery of a purified carboxylate ester,
preferably an alkyl ester of acrylic or methacrylic acid,

- from a reaction effluent of a continuous production
process, which comprises the carboxylate ester product in
admixture with the corresponding alcohol forming an
azeotrope with the ester, as well as further impurities
which may or may not form azeotropes with the carboxylate
ester and/or the alcohol.

Various production processes for carboxylate esters
are effected using an alcohol precursor to the
carboxylate ester at a coheentration in the reaction zone
in excess of the required stoichiometric amount. For
example, in equilibrium reactions the reaction may thus
be driven to near completion. Or, in catalysed reactions
the conversion rate in terms of product produced per unit
of catalyst and time may be increased. The alcohol |
precursor in excess of the required stoichiometric amount
may be discarded, if it is cheap, but preferably is
recycled to the reaction zone in a continuous or semi-.
continuous operation mode of the process. In any case it
must be separated from the reaction product, for example
by fractionation. |

For reaction mxxtures comprising an admixture of the
carboxylate ester reaction product and the excess alcohol
precursor, which exist in liquid form under the
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formate, all formng binary azebtropes. The present recovery nethod can
al so be used, if the carboxylate ester and corresponding al cohol together
with further conponent(s) present ‘in the reaction effluent formternary or

hi gher azeotropes, such as water/methanol /- n;&gyﬁtuwgﬁég@cgtghgust 1996
wat er/ et hanol /et hyl acetate, water/n-propapnol/n-propyl acetate, and

wat ér /i soamnyl alcoholllsoanyl acet ate. Ext nsive literature data on
azeotropic connmmditrnnsenfitempetﬂtnmﬂmﬁmdcpteésurnn&nplrﬂdcothect|on

factaors for &yg*H basis, the
m ni mum aerunItOﬁg%&prcfP{y%dnrgﬁéo azeotT ope o"?{mfln é’# ﬁﬁ%edl%%%%r required
for attaini ng elatiklitiesof rthe (ﬁpfeﬂtftﬁée%t%omlb¢ nsm%e%:f fex

azeot ropi ¢ congeitd ﬁlb P d LR T B dry, bﬁlﬁ@'ﬁﬂiﬁtﬁﬂeséﬂ@h&i SFENIeE &Y be

added and may contribute to a higher degree of purification. Ugper limts
will essentngWQaQEQQRHQ* FHHRP ot zeotropic nature, in which the
constituents have discrete volatilities. Also topping

and/or tailing of the reaction product and/or the
recycled alcohol precursor from light end and/or heavy
end contaminants can then be effected using standard
chemical technology.

However, if the céfboxylate ester reaction product
and alcohol precursor form an azeotrope, this azeotrope
will be separated due to its higher or, occasionally,
lower volatility than that of the carboxylate ester
reaction product. Since containing part of the reaction
product, this azedtrope will usually be recycled to the
reaction for economic reasons. In a continuous process,
when recycling part of the reaction effluent, provisions
should be effected for avoiding any build-up of |
contaminants, such as originating from the reactants, -
from side reactions or from catalyst residue.
Accordingly, bleed streams containing such contaminants
should be withdrawn from the process. Heavy ends having
lower volatility and light énds'having higher wvolatility
than the reaction product or azeotrope can be cut off by
flashing or as bleed streams and/or distillation
overheads or bottoms at a suitable location, preferably
where the highest concentrations of the contaminants
concerned occur using conventional methods. These topping
or tailing steps will not remove any intgrmediate
contaminants, which have a volatility in between the
volatilities of the azeotrope and the reaction product,
or which form further azeotropes with the reaction
product in this wvolatility range.

US-A-4280010 discloses a continuous process for the

This is the replacement sheet



by econom c considerations. It is preferred, that the reaction product to.
be recovered by the process of the invention is an ester of an unsaturated
car.boxylic acid, as such products find extensive use in polynerisation
processes inposing severe standards on their gubstituteYshddtRr & PUYuditi MID6
unsaturated carboxylic acids may have from 3 to 6 carbon atons. The
azéotrope-form ng al cohol precursor in The process of the invention.
preferably ispandatkaonl oft gpkgdl bgrgdaiteg byomedctdol, ofoacrwlbiccadig f r om
L to 4 carbonatAnn ERASEGUERLY1oLBe SOkRGRRONHHRGEERALHEOR RaGdWCt IS an
al kyl ester of "an unsaturated carboxylic acid. Mst preferred reaction. -
products are BbBAasei efit ERebproducE| gssesm Femprigirgl ageyyphecesied and

met hacryl at esprbBupBbehatasBol hesazgat £8Pg- HesFi1gah6ANeb1BMACYLIOr IS the
correspondlngngég nggggglingéaa 'Siegirggitsgiggﬁré dalcohol and
ester over the top of the column, which stream is being
recycled to the reactor, and a stream of crude ester
product over the bottom of the column, which is subjected
to further purification by distillation until pure. Heavy
ends are removed from the system by a bleed stream from
the reactor, whereas contaminants boiling between the
ester/alcohol azeotrope and the pure ester apparently are
removed in the final purification step. .

US-A-4250328 discloses the production of methyl
isobutyrate or methacrylate by a direct esterification
process, wherein an excess of isobutyric or methacrylic
acid precursor is used in the reaction zone for shifting
the reaction equilibrium and minimising the amount of
alcohol in the reaction effluent in an attempt to
overcome the problems associated with azeotrope
formation. However, this method is not applicable to
processes, such as transesterifications and
carbonylations, using other precursors than the free
acid; leads to methacrylic acid losses due to required
bleed streams; and may lead to polymerization problems in
the methacrylic acid recycle stream.

Further processes aiming at the separation of
components having close volatilities are known, for
example from US-A-4070254, US-A-4518462 and EP-A-390577,
which add an extraneous component to.the mixture for
forming an azeotrope with the impurities to be removed,
which is more easily separaﬁed from the product to be
purified. )

Due to azeotrope formation, the known recovery
processes have in common, that the separated stream

.. .» wie replacement sheet
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Substitute sheet - 5 August 1996 -8- reaction products are nethyl acryl ate,
ethyl acrylate, n- butyl acrylate, nmethyl nethacrylate and n-butyl :
nmet.hacryl ate. A nost preferred reaction product as nethyl nethacryl ate may
have been prepared by direct esterification &yupsetitacshddtC FRAWHUELI1996

met hanol in the presence of, for exanple, ,an acid catal yst, or by reaction
of propyne with carbon nDnOX|de and nethaﬁ In the presence of a cationic
paIIadlun1phoswmtmencagatyetex¢essndfcaiedhabopeecuh@cal%bﬁ@lCqmprlﬁsﬁnalIy

have been Presgnt of tHE tabbk PaEQ”GsFQrSEPb&@é@Wﬁ'ﬁrSéEEéé rghative to

met hacrylic acid or propyne, respective
concentratidn of carboxylate ester reaction product in
the azeotrope stream will be higher even than its
azeotropic concentration. Firstly, in a commercially
operated distillation column the theoretical degree of
separation can only be approximated using economically
acceptable equipment. Secondly, as purification of the
carboxylate ester product is the primary target of the
recovery process, the distillation will preferably be
operated such that the most effective separation
regarding the carboxylate ester is achieved also in
respect of further impurities present in the reaction
effluent, which have a volatility in the range between
the volatilities of the ester and the azeotrope.
Therefore, in case the azeotrope has a volatility higher
than that of the pure carboxylate ester the'reaction
effluent is preferably cut at a volatility_just above the
volatility of the pure carboxylate ester to achieve a
fractionation into a product stream substantially free of
lighter impurities and an azeotrope stream comprising all
of the azeotrope forming alcohol precursor and '
intermediate impurities as well as a significant amount
of the carboxylate ester. Since being recycled to the
reaction zone, in principle this part of the carboxylate
ester product is not lost. However, the presence of the
intermediate impurities will lead to an undesired
accumulation in a continuous process. This should be
avoided by bleeding part of the recycle stream or by
application of a further fractionation step into a
substantially pure azeotrope for recycle and a bottoms
.containing the intermediate impurities for disposal.

After separation of the substantially pure

azeotrope, this bottoms stream comprises some of the
carboxylate ester product as its major constituent, which
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Whet her or not all nethacrylic acid or propyne has been converted, the
reaction effluent will then contain residual al cohol besides the nethyl

met hacryl ate product. Reaction m xtures, from which carboxyl ate ester
reaction products are to be recovered in accoggdpgfritdishdet DS AQyast 1996 nay
besi des intermedi ate inpurities conprise Q%gh and/or low boiling ends, it
means inpurities having a | ower or higher Volatility than the reaction
product or azdws rdipposesbpactvie \of dityicmtentsaf ifntdmmediate ope is a

Mpar ¢ co ar it s HicH YAt A on de | EnERBEEE dlita PuCT
t he i nventi onof Hherasgdox gt @stammreductinn Argrass sMAreAVey a
stream conpri Ydue Ne@k AdsSs Nauidly & Wpl@dd ) iy dHvebdthtshd Nftream
volatilities of the reactlongnfx¥mt a@%éﬁgptrope. This tailing of heavy
ends can be May cause miscibility pro
The present invention aims at solving these problems
by\providing a recovery process, which avoids the use of
valuable reaction product as a carrier for the
intermediate impurities to be bled from the process.
Accordingly, it is provided a recovery process as
indicated above, which process comprises the steps of:
a) fractionating the reaction mixture into a carboxylate
ester product-containing stream and a first azeotrope
stream; _
b) adding sufficiently additional azeotrope-forming
alcohol precursor to the first azeotrope stream obtained
by step (a) for providing a total concentration of the
alcohol in excess of its azeotropi¢ concentration; and
c) fractionating the alcohol-enriched stream obtained by
step (b) into a second azeotrope stream for recycle to
the reaction zone and a first residu stream for disposal.
By the process of the invention, it is achieved that’
the first residue stream containing intermediate
impurities to be withdrawn from the carboxylate.ester
production process comprises the alcohol precursor as its
major carrier component. Thus, an amount of cheaper
alcohol precursor rather than of valuable ester product
is discarded with consequent increase of the total yield
of product. Moredver, alcohols generally having more
versatile solvent properties than éesters, any miscibility
prob%ems with aqueous constituents of the first residue -
stream are avoided.
Also,'the present recovery method is very
conveniently incorporated into a carboxyléte ester
production process. Part of the additional azeotrope-
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ef fected using cormon chem cal technol ogy, for exanple by distillation. The
heavy ends may be discarded in a responsible nmanner. Frequently, the heavy

ends will conprise catalyst or-catalyst residues, in which case recycling
~of the catalyst or some of its conponents, ogjhsitatd ¥haéi £5 AGFESET19960N,
may be consi dered for Substitute sheet 5 August 1996 -9- econom cal

reasons. The step of tailing the heavy e‘%é'nay be effected prior to or
after the seflaratingn adfcchiod precurepe siddssininAmsdterer(ir efidrr & enbodi nent

of the procesq JaqAMi0 dhQ E*é"a]étri‘é%“téogl% fdied B LYRESER Uik rdd of
separating a’ st ean1conpr|5|n% I'ght ends having a N .
of the volume of the azeotrope stream obtained in step
(c) and will serve as (part of) the feed of the
carboxylate ester production process. The specific amount
can readily be compensated by a corresponding decrease of
the regular alcohol precursor feed. Moreover, the present
method does not introduce any extraneous component, so
that no complication of the purification steps occurs.:

The present recovery method may be épplied to
reaction effluents from various carboxylate ester
production processes, which use as one of the precursors
an alcohol forming an azeotrope with the carboxylate
ester product. Such processes typically include direct
esterifications of carboxylic acids with alcohols,
transesterifications of carboxylate esters with different
alcohols, and carbonylations of ethylenically and/or
acetylenically unsaturated compounds in the presence of
alcohols.

Preferably, such processes are conducted employing a
stoichiometric excess of alcohol precursor in the
reaction zone, for example for shifting the equilibrium
or increasing the catalyst efficiency. However, also when
employing equivalent alcohol precursor feeds, the
reaction effluent may contain remaining alcohol precursor
due to incompleteness of the reaction and may then be
subjected to the present fecovery method. Since such
effluents will also contain corresponding unreacted
amounts of the other precursors complicating the
purification steps, the latter operation mode is not
preferred.-

As typical examples of pairs of carboxylate ester
and corresponding alcohol mention can be made of
methanol/methyi acetate, methanol/methyl isobutyrate,
methanol/methyl acrylate, methanol/methyl methacrylate,
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volatility higher than the volatilities of the azeotrope and reaction
product. The topping of |ight ends can be effected using commobn chemi cal
technol ogy, for exanple by distillation or flashing. In the fractionations
according to the-invention, the several stregubstitutedheter Sr1August 1996
separated by their different voIatiIities7 The fractionation may be
effected by applying a tenperature gradi ent under isobaric conditions. It
may al so be erfkutanobinsbutel ferwatee andcaspenkanel/BoPeBENLC or

pseudo- 'SOthef@%ﬁaﬁ@”déiloﬁérmiﬁg'Elﬂéf§eééégt£8§ésth?hérﬁféSQHEt'0” i's
effected by distillation, Taken as.an exa ustratlvg?gurposes

the reaction EfFPVeRY Bethed E%Pb%%??a??o 8 p%gpgh% CArPARYLRE€ence of
net hanol (MeQBtér andducerespoydingt ahcohodit togdber nmythofprtier52 ol %

of MA and 46, iRl 36 MEEXS PeSEAEEn L IR tALCHOL St Phn' SPFILLAESFoR{Ch 25
ternary or higher azeotropes, such as water/methanol/-
methyl chloroacetate, water/ethanol/ethyl acetate,
water/n-propanol/n-propyl acetate, and water/isocamyl
alcohol/iscamyl acetate.

Extensive literature data on azeotropic compositions
and reliable empirical formulae for correction factors
for specific physical conditions are available. On this
basis, the minimum amount of additional azeotrope forming
alcohol precursor required for attaining a total
concentratlon of the alcohol in excess of its azeotropic
concentration, can readily be calculated. Higher amounts
may be added and may contribute to a higher degree of
purification. Upper limits will essentially be determined
by economic considerations.

It is preferred, .that the reaction product to be
recovered by the process of the invention is an ester of
an unsaturated carboxylic acid, as such products find
extensive use in polymerisation processes imposing seéere
standards on their impurity. Representative unsaturated '
carboxylic acids may have from 3 to 6 carbon atoms.

‘The azeotrope-forming alcohol precursor in the
procéss of the invention preferably is an alkanol,
typically having from 1.to 6, more typically from 1 to 4
carbon atoms. Consequently, the corresponding reaction
product is an alkyl ester of an unsaturated carboxylic
acid.

Most preferred reaction products are constituted by
the class of Cj-C4-alkyl acrylates and methacrylates, in
which case the azeotrope-forming alcohol precursor is the
corresponding C{~-C4q-alkanol. Examples of most preferred
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wat er and acetone. Wien the MVA product is to be recovered in accordance
with the invention, the reaction effluent nay be fractionated in a first
distillation colum having 16 trays applying a feed entry at tray No. 6, a
pressure of 0.5 barabs and tenperatures at thesibytitafe sinebt!-0p Aigldtel 896 umM
of 80 and 43 [err], respectively. This wi_ll result in a cut of the stream
at slightly under the boiling point of purée MVA providing a heavy

ends- cont ai ni ngeddipnoduocdustseaneomethyheaboylatieof ethglcecuydatend nover

the Lop @ f1fshupgPobEaneatl! SARLAQTPhLEE: 9130 BR ALoIMY 90 45 ol % of

MeOH and 0. 21 ter, besides trace ahfounts of Inpurities nore
Substitute sheBethacrylabes 1996 - 10 -

A most preferred reaction product as methyl
methacrylate may have been prepared by direct
esterification of methacrylic acid with methanol in the
presence of, for example, an acid catalyst, or by
reaction of propyne with carbon monoxide and methanol in
the presence of a cationic palladium/phosphine catalyst.
As indicated above, the alcohol will normally have been
present in the reaction zone in stoichiometric excess
relative to methacrylic acid or propyne, respectively.
Whether or not all methacrylic acid or propyne has been
converted, the reaction effluent will then contain
residual alcohol besides the methyl methacrylate product.

Reaction mixtures, from which carboxylate ester
reaction products are to be recovered in accordance with
the invention, may besides intermediate impurities
comprise high and/or low boiling ends, it means
impurities having a lower or higher volatility than the
reaction product or azedtrope, respectively, or vice '
versa, if the azeotrope is a negative azeotrope. For
obtaining a pure product, it is desired that such
impurities are removed. .

Therefore, according to a preferred embodiment of .
the invention, the process further comprises the step of
separating a stream comprising heavy ends having a
volatility lower than-the volatilities of the reaction
product and azeotrope. This tailing of heavy ends can be
effected using common chemical technology, for example by
distillation. The heavy ends may be discarded in a
responsible manner. Frequently, the heavy ends will
comprise catalyst or'catalyst residues, in which case
recycling of the catalyst or some of its components,
optionally after redeneration, may be considered for
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volatile than MVA. If desired, inpurities boiling at |ower tenperatureé
than the azeotrope may be renoved fromthe process at this point, for
exanpl e by flashing or distillation. The azeotropic conposition under the

conditions applied is 4 nol % of MVA and 96 nol §ppdileOshedd I §CAugast 19960f
this azeotrope streamfor renoval of trace inpurities, such as acetone,
boiling in the range between-the azeotrope And pure MMA, and wi t hout

applying the t eagiicigicdl tfeagueserthd sy ion, tdil itigsttind didarey ends

0.5 barabs:  Togs By TERL G 1 (4 1seqf e Bdpardeity & che?, =

for recycle comm@qﬂrqpéﬁiﬁreﬁnsﬁof MVA, 92.37 nol % of MeOH and 0. 04 nol %

oot ora soperf Rt Brakek AL BELBLACITAE' Lhesputtfed OLLOT

5.30 nol % of wRGEOrdag dex Fhe dmiantEqn ey comprises the step of
separating a stream comprising light ends having a
volatility higher than the volatilities of the azeotrope
and reaction product. The topping of light ends can be-
effected using common chemical technology, for example by
distillation or flashing. ,

In the fractionations according to the invention, .
the several streams are differentiated and separated by'
their different volatilities. The fractionation may be
effected by applying. a.temperature gradient under

- isobaric conditions. It may also be effected by staged
- pressure release under isothermic or pseudo-isothermic
conditions. It is preferred that the fractionation is

effected by distillation.

Taken as an example for illustrative purposes, the

reaction effluent of the carbonylation of propyne in the
presence of methanol (MeOH) to produce methyl
methacrylate (MMA) may comprise 52 mold of MMA and 46
mol% MeOH besides minor amounts of impurities, such as
water and acetone. When the MMA product is to be
recovered in accordance with the.invention, the reaction
effluent may be .fractionated in a first distillafion
column having 16 trays applying a feed entry at tray
No. 6, a pressure of 0.5 barabs and temperatures at the
bottom and top of the column of 80 and 43 °C,
-respectively. This will result in a cut of the stream at
slightly under ﬁhe boiling point of pure MMA providing a
heavy ends-containing MMA product stream over the bottom
of the column, and over the top a first azeotrope stream
comprising 9.34 mol% of MMA, 90.45 mol% of MeOH and 0.21
mol% of water, besides trace amounts of impurities more
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being withdrawn fromthe process at this point. I n accordance with the
I nvention, additional MeOH is added to this first azeotrope streamfor
raising its nolar concentration to 94.60 nol % whereby an al cohol enriched

first azeotrope stream of conposition of 5.28 NWBy - h Yorf
MeOH and 0.12 nol % of water, besides traci an%gﬁ%%ﬁ@ slnpur??ﬁggugg %
obtai ned. Fractionation of this stream 6véP a second col um (10 trays; feed

entry: tray Nool@tigle tthan MMAbLSIE Mi;e@_i[xmm:]i;tﬂ&?pa@inmgeat] ) .
b and O SIS SO e TR Mgt PRl
impurities, arkdteh BRI Rbdiltks fReing spienieange InEBEIBLRG 05 of MVA,
91. 72 ol % of dva@H 1|ntt 0 TR % MHotiiic dpdiat ildie udderF negbate
e ek Tl D5l 0 oty 5 S b 2 B e e o
' Direct tailing of this azeotrope stream for removal
of trace impurities, such as acetone, boiling in the
range between the azeotrope and pure MMA, and without
applying the teaching of the present invention, by
distillative fractionation over a second column®
(10 trays; feed entry: tray No. 6; p = 0.5 barabs; Tpot =
59 °C; Ttop = 45 °C) will provide a top product for
recycle comprising 7.59 mol% of MMA, 92.37 mol% of MeOH
and 0.04 mol% of water, substantially free of
intermediate impurities, .and a bottom product for
disposal comprising 57.59 mol% of MMA, 37.11 mol% of MeOH
and 5.30 mol% of water, besides intermediate impurities
being withdrawn from the process at this point.
In accordance with the invention, additional MeOH is
added to this first azeotrope stream for raising its
molar concentration to 94.60 mol%, whereby an alcohol
enriched first azeotrope stream of composition of 5.28
mol% of MMA, 94.60 mol% of MeOH and 0.12 mol% of water,
besides trace amounts of impurities is obtained.
Fractionation of this stream over a second column
(10 trays; feed entry: tray No. 6; p = 0.5 barabs; Tpot =
55 °C; Tgop = 45 °C) provides a top product for recycle
comprising 5.33 mol% of MMA, 94.66 mol% of MeOH and
0.01 mol%® of water, substantially free of intermediate
impurities, and a bottom product for disposal comprising
3.26 mol% of MMA, 91.72 mol% of MeOH and 5.00 mol% of
water, besides the intermediate impurities. _
It is seen that the invention effects a substantial
reduction of the proportion of MMA discarded over the
bottoms of the second column. Moreover, the high
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bottoms of the second col um. Mbreover, the hi gh Substitute sheet - 5
August 1996 - 11 - proportion of methanol in this bottons stream obtai ned
i n accordance with the invention, precludes any miscibility problens

regarding the anmount of water present. Expr eSSSQbéﬂuttérsFEePf SfAGQhEPHSQG
process generating a first azeotrope strea arate o g/ hr of

MVA, - the nol ar conposition data may be tabdfated as fol | ows: | nvent i on:
Qut si de i nvent paopditisin arfbatethmndlVAin this bottoms stre®@8Ristaiped in

380.5 kg/hr MeQdcordance with the Lhibrt #8H,precludes any his&bifity
problems regarding the amount of water present.
Expressed in terms of flow for a process generating
a first azeotrope stream at a rate of 380.50 kg/hr of
MMA, the molar composition data may be tabulated as

follows:
Invention: Outside invention:

First azeotrope _ ,
MMA 380.5 kg/hr 380.5 kg/hr
MeOH 1179.9 kg/hr 1179.9 kg/hr
water ' 1.6 kg/hr 1.6 kg/hr
MeOH (added) 1000  kg/hr | -
Recycle stream

MMA 375.2 kg/hr 298.7 kg/hr
MeOH 2132.1 kg/hr 1163.0 kg/hr
water 0.1 kg/hr 0.2 kg/hr
Disposal stream . _
- MMA : 5.3 kg/hr 81.8 kg/hr
MeOH : 47.8 kg/hr 16.9 kg/hr

‘water - 1.5 kg/hr 1.4 kg/hr
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wat er 1.6 kgl hr 1.6 KpTHIS SHEHT (a8 BEEN
1000 kg/ hr Recycle stream MVA 37p. 2 kgﬂﬂqACED

298. 7 kthLJMﬂgi________? 2132.1 kg/ hr . 336 dat er
0.1 t ;hr - kk//h?rwgqiposa' str 8apsifute sheet - 5Au?ust1996
5639 Ko/ WMMMIWHIMMIF ’ 1. 57k§Ph7 1.4 kg/hr  CL

MS 1. brotess f'or recovery of a carboxylate ester reaE:tI_Zﬁﬂ. Euct
fron1a reactlon zone hy mnthdramal and fractionation of a reaction m xture
conprising said . CLAIMS

'l. A process for recovery of a carboxylate ester
reaction product from a reaction zone by withdrawal and
fractionation of a reaction mixture comprising said
carboxylate ester in admixture with an azeotrope-forming
alcohol precursor as well as further impurities, which
process comprises the steps of:

a) fractionating the reaction mixture into a carboxylate
ester product-containing stream and a first azeotrope
‘stream;

b) adding sufficiently additional azeotrope-forming
alcohol precursor to the first azeotrope stream obtained
by step (a) for providing a total concentration of the
alcohol in excess of its azeotropic concentration; and
c) fractionating the alcohol-enriched stream obtained by
step (b) into a second azeotrope stream for recycle to
the reaction zone and a first residu stream for disposal.
2. A process as claimed in claim 1, further comprising
the step of separating a stream comprising heavy ends
having a volatility lower than the volatllltles of the
reaction product and azeotrope.

3. A process as claimed in claim 1 or 2, further
comprising the step of separating a stream comprising
light ends having a volatility higher than the
volatilities of the azeotrope and reaction product.

4. A process as claimed in any one or more of claims
1-3, wherein the reaction prodﬁct is an ester of an
unsaturated carboxylic acid.

5. A process as claimed in claim 4, wherein the
azeotrope-forming alcohol precursor is an alkanol.

6. A process as claimed in claim 5, wherein the
reaction product is an alkyl acrylate or methacrylate and
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"l. A process for recovery of a carboxylate ester
reaction product from a reaction zone by withdrawal and
fractionation of a reaction mixture comprising said
carboxylate ester in admixture with an azeotrope-forming
alcohol precursor as well as further impurities, which
process comprises the steps of: .

a) fractionating the reaction mixture into a carboxylate
ester product-containing stream and a first azeotrope
stream; _

b) adding sufficiently additional azeotrope-forming
alcohol precursor to the first azeotrope sﬁream obtained
by step (a) for providing a total concentration of the
alcochol in excess of its azeotropic concentration; and
c) fractionating the alcohol-enriched stream obtained by
step (b} into a second azeotrope stream for recycle to
the reaction zone and a first residue stream for disposal.
2. A process as claimed in claim 1, further comprising
the step of separating a stream comprising heavy ends
having a volatility lower than the wvolatilities of the
reaction product and_azeotroée.

3. A process as claimed in claim 1 or 2, further
comprising the step of separating a stream comprising
light ends having a volatility higher than the
volatilities of the azeotrope and reaction product.

4. A process as claimed in any one or more of claims
1-3, wherein the reaction product is an ester of an
unsaturated carboxylic acid.

5. A process as claimed in claim 4, wherein the
azeotrope-forming alcohol precursor is an alkanol.

6. A process as claimed in claim 5, wherein the
reaction product is an alkyl acrylate or methacrylate and
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the azeotrope-forming alcohol precursor is the
corresponding alkanol. ¢
7. A process as claimed in any one or more of claims
1-6, wherein the fractionation is effected by
distillation. :
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