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PROCESS FOR THE PREPARATION OF SUCCINIC ACID ESTER

The present invention relates to a process for the production of dialkyl succinate from a
feadsiock comprising succinic acid produced by a fermentation based process.

it is known to produce diols by reaction of dicarboxylic acids andfor anhydrides, or mono- or di-
alkyl esters, lactones, and mixtures thereof with hydrogen.  Commercially, where the desired
product is 1,4-butanediol, typically with the co-products tetrahydrofuran and y-butyrolactone, the
starting material is normally a dialkyl ester of maleic acid and/or anhydride, such as dimethy!
maleate or dielhyl maleate, which may contain minor amounts of dialkyl fumarate and/or dialkyl

succinate,

Information relating to these processes can be found in, for example, US84584418, US4751334,
WOSGE/H3188, WOBR/N837, US4767869, LUUS4845173, US4D19765, USH254758, US5310054
and W(C81/01969.

The diatkyl maleates which are used as feedsiock in these conventional reaction processes may
be produced by any suitable means. The production of dialkyl maleales for use in such
processes is discussed in detall in US4584418, US4751334, WOBB/00837, US4795824 and
WO00/08127.

in one conventional process for the production of 1,4-butanediol and co-praduct tetrahydrofuran
with optional production of y-bulyrolacione, a dialkyt ester, such as dimethyl maleate together
with any residual methanol from the eslerification reactor, is fed to a vaporiser where if is
vaporised by a stream of hot cycle gas fed fo the vaporiser which may be mixed with make-up
hydrogen. The cycle gas will normally contain a high concentration of hydrogen gas but may
also include other gases including hydrocarbons, carbon oxides, methane and nitrogen. Further,
where the cycle gas includes recycled gases from downstream, condensables including product
ether, methanol, water, co-products and by-products may also be present.

The combined vaporous stream from the vaporiser is then passed to & reaclor where it is reacted
in the presence of a catalyst to form 1,4-butanediol, tetrahydrofuran and/or y-butyrolactone. The
product stream is cocled and the reaction products are condensed and separated from the
axcess cycle gas before being passed infe a refining zone.  in the refining zone the various
products are separated and the 1,4-butanediol and the tetrahydrofuran are removed. The y-
butyrolactone, together with the intermediate, dimethyl succinate, and some 1,4-butanediol may
be recycled. In one amangement the y-bulyrolactone may be at least partially extracted in an

optional refining zone and recovered. The methano! water stream separated from the product
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mix will be recycled upstream. In general, & significant portion of the 1,4-butanediol produced

by this or olher conventional methods is subsequently converted to tetrahydrofuran,

The overall reaction which occurs is a seriss of steps and includes a final dehydration step in
which the tetrahvdrofuran is produced. A probable reaction path is set out in Scheme 1.
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An alternative process is described in WOSR/25113 in which maleic anhydride esters are fed
to a reaction process in which three different calalysts are used. First the maleale is
converted to the succinate in the presence of the first calalyst which is a heterogeneous
selective hydrogenation catalyst at a temperature of from 120°C to 170°C and a pressure of
3 {0 40 bara. The succinate is then passed directly to the presence of the second catalyst
where it is converted mainly into y-butyrolactone. The product of the reaction with the
second catalyst is then fed directly to the presence of a third catalyst which is used to
dehydrate the y-butyrolactone to produce fetrahydrofuran. Some of the y-butyrolacione
formed in the presence of the second catalyst is transferred to a second reaction loop
operating at a higher pressure where it is converted o 1,4-butanediol.

As the first step in Scheme 1 and the firsi catalyst used in the alternative process described
in W088/35113 relates to the hydregenation of the dimethyt maleats to dimethyl succinate, it
has bsen suggested that dimethyl succinate or diethyl succinale may be suitable starling
malerials for the reaction with hydrogen {o form 1 4-butanediol, tetrahydrofuran and/or y-
butyrolactons.

One process in which dimethy! succinate is usad in the production of tetrahydrofuran and 1-
4-putanediol is described in US4658237. In this process, methaneo! is added o the ester
feed fo increase conversion and reduce transesterification. Another example of a process in
which dimethyl succinale is suggested as a feed is WOS9/35136 in which reaction with
hydrogen cccurs aver two different catalysts, to form a mixture of tetrahydrofuran and y-
butyrolactone,

Maisic anhydride is commonly produced commarcially from benzene or n-butane, both of
witich are ultimatsly derived from crude oil. it is therefore dasirable to ook for allernative
starting materials which are not derived from oil in an atlempt to improve the environmental

impact and polentially improve the economics.

Recently, there have been significant advancements in processes to produce and recover
succinic acid from the fermentation of sugars. Examples of processes can be found in, for
example, USE858744, USE206519C and US8246702. Currently demonstiration planis have
been constructed. It is anticipated that in due course such processes may be able to
compete with maleic anhydride as an economic feedstock for the preduction of 1.4-
butanediol.

Where succinic acid is used as the feedstock, it will generally first be esterified to preduce
dialkyl succinate, While the processes and plant described in US4795824 and WOS0/08127
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may be used to produce dialkyl succinates from succinic acid, there ars various
disadvaniages and drawbacks.

The processes described in these prior art sysiems are not ideally suited to being carried out
where the starting material is succinic acid. This is particularly the case where the succinic
acid is produced by a fermentation process. For ease of reference, we will refer fo succinic
acid produced by fermentation processes as "bio-succinic acid" and the term should be
construed accordingly.

Bio-succinic acid generally contains impurities. These may be fermentation residues and by-
products. These impurities, which may include sulphur, may be detrimental to the operation
of catalysts used in reactions which utilise this bic-succinic acid.  This is particulardy
problematic where the subsequent reactions ulilise a coppsr based cafalyst.  Another
arrangement where the impurities are particularly detrimental is where the subsequent
reaclion uses an acid resin catalyst such as an esterification. Whilst it may be possible fo
address the problem by removal of these impurities by purification processas prior to contact
with catalyst in the subsequent reactions, the number of steps required fo produce succinic
acid of sufficient purity are substantial. The reguirement for these purification steps
significantly increase both the capital and operating costs asscciated with the succinic acid
production plant,

it is therefore desirable to provide a proceass for the production of dialkly succinate from bio-
suceinic acld without the need for the complex and expensive purilication sieps.

JP1216958 dascribes a process for the esterification of succinic acid using a homogeneous
acid catalyst. In this process, an exiremely diluie solution of the succinic acid in methanol is
supplied, with & homogensous catalyst o the upper region of a distillation column where it is
passed in counter-current io methanol added at the base of the column. Esterification
occurs within the column and the dialkyl suceinate is removed from the base of the column,
As a very dilute solution of the succinic acid is used, gbout 1 to 20 wt percent, a large
methanol recycle flow will be required and substantial costs will be incurred in separating the
methanol from the waler of esterification produced in the reaction. Example 1 of JP
1216958 iHustrated the problems associaled with the deactivation of a resin catalyst where
the succinic acid is bio-succinic acid.

The problems associaled with using biv-succinic acid in an esterification reaction in the
presence of a resin catalyst are also illustrated in Example 1 of “Reaction Kinetics for the
Heterogeneously Catalyzed Esterification of Succinic Acid with Ethano!” Kolah A K et af Ind.
£ng. Chem. Res., 2008, 47(15) pp 5313-8317, “Pervaporation-assisted Esterification of
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Lactic and Succinic Acids with Downstream Ester Recovery” Benedict ef af, J.Membrane
Sci., 2006, 281 pp 535-445, “Combined Technology of Calalylic Esterification and
Absorption of Succinic Acid” Bing B ef af The Chinese Joumal of Process Enginesring 2007-
01, US 5723639, and "Preparation of Diethyl Succinate by Caftalylic Esterification and
Absorption Dehydration” Gang C el af China Surfactant Detergent & Cosmetics 2008-04.

Various processes have been suggested for canrying out the esterification in a non-catalysed
system.

In JP 04091055 succinic monoester oblained by the esterification reaction of succinic acid or
succinic anhydride is introduced into a reactor with alcohol.  The reaction to the diester is
carried out in the absence of a calalyst. It is likely that the product removed from the botiom
of the reactor will stilt contain significant amounis of mono-sster and as such would be
unsuitable for use in downstream reactions using, for example, a copper catalyst. In
addition, it is belisved that the diester laken from the base of the reactor will include heavy
impurities carried over from the production of the bio-succinic acid,

& further problem with non-catalysed reactions is that these systems are likely to have a low
conversion rate and will therefore have a high acid confent. Since many of fhe known
processes for producing, for example, 1,4-butanediol use a copper based catalyst, the
presence of the acid is problematic since it will be deactivated by the acidic species present.
This will necessitate regular shut down to replace the deactivated catalyst. This deactivation
may be exacerbated in systems where the starting material includes a double bond due to
the the high heat release on the conversion of the double bond in the hydrogenation step.
To address this, the acid would have to be removed, which would require a number of steps
which would add to the capital and operating costs of the process.

Using dialkyl succinate may overcome the problems associated with the high heat released
on the conversion of the double bond and offer varicus other advantages such as obvialing
the risks of fumarates being formed which is also a problem associated with using maleic
anhydride as a starting material. However, if the di-esterification of the succinic actd is not
complete, acidic species will stilf be present in the reaction feed which can lsad to
deactivation of the catalyst unless sieps are taken o remove the acid. # is therefore
desirable to have a process which producss camplste conversion to the di-ester and in
parficular a di-ester which is a suitable feed to a hydrogenation reaction. High conversion
will require a large excess of dry alkanol. The recovery and recycle of this dry alkanol incurs
high capital and operating costs,
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There are alse problems associated with using succinic acid as the slarting material,
Succinic acid is a crystalling solid at ambient temperatures and has a melting point above
niormal esterification temperatures.  In addition it has lbw solubility in water and alkanols
such as methanol. These limit the manner in which it can be used. This presents
challenges in using succinic acid as a starting material in conventional esterification
procasses which are generally taitored fo liguid feeds.

A further problem is that the volatility of the dialkyt succinate means that although in
conventional counter-current reactions, the diester is predominately removed from the base
of the column, a portion wilt carry over from the {op of the reaction column with the produced
water of esterification and excess alkanc! and will be lost thereby reducing the efficiency and
hence impacting on the economics of the process. In addition, the presence of the ester in
this siream can create an effluent problem.

it is therefore desirable fo provide a process which addresses at least some of the above-
identified problems which occur when the siarting material is bio-succinic acid. It is
particularly desirable o provide a process which addresses all of the above problems,

The problem may be addressed by carnrying cul an aulocatalviic reaction in a reaction
distillation zone column in which the acid and the atcohal flow co-currently in an esterification
reaction column, recovering a stream comprising the ester from the column and purging the
heavy impurities from at or near the base of the column. A combination of distillation and
phase separation and stages can enable the prior art prablems to be addressed.

Thus according {o the present invention, there is provided a process for the production of
dialkyl succinate from a bio-succinic acid feedstock comprising the steps of:

(a) feeding bio-succinic acid (o a point at or near the bottom of a reaction distillation
zone column operated af temperatures and pressures {0 enable esterification of
the succinic acid and passing said stream co-currently with upflowing alkanol
such that said ssterification reaction occurs;

(b) removing an overhead vapour stream from al or near the top of the reaction
distiltation zone column comprising di-ester, alkanol, water of esterification and
organic components and passing said stream {o an alkanol separation column
where the alkanol is separated from the water of esterification and from the
organic components;

{¢) removing a side draw from the atkanol separation column from a point below the
feed point thereto, said side draw comprising partially immiscible organic and

aqueous phases,
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(d} passing said side draw to phase separation apparaius where the partially
immiscible organic and agusous phases are separated,

{e} passing said organic phase to a column where the dialkyl succinate is separated
from residual waler and other organic compongnts; and

{f) recovering the diatkyl succinale.

By removing the di-ester at or near the fop of the reaction distilistion zone column, the
problems associated with the heavy impurities from the fead contaminaling the ester, which
ara neted where the product is taken from the boltom of the column as ocours in counter-
current systems, are overcoms. Further, cartying out the reaction and initial distillation in a
co-current manner enables unreacted acid and mono-ester to be retained within the column
by internal recycles for subsequent reaction thereby improving the conversion and hence the
efficiency of the reaction.

A further benefit of the present invention is that the ratio of alkanol required to complete the
conversion fo the diester is reduced when compared to that reguired for counter-current
reactions. In the counter-current systems, where the succinic acid is introduced slurmried or
dissolved in methanoi, & significant proportion of that methano! flashes inlo the vapour phase
and therefore does not take part in the liguid phase reactions. In contrast, in the present
invention, where the reaction column is operaled in a co-current manner, ali of the alkanot is
avaitable for the esterification reaction. As the ratio of atkaneol to the succinic acid is lower in
thie present invention, the size of reactor vessels can be reduced and hence the capital and
operating costs are similarly reduced. In addition, energy requirements will be reduced.

The feed fo the reaction distillation zone column will comprise bio-succinic acid which will
include the impurities which are present following the formation of the succinic acid by
fermentation of biomass. Impurities present will depend on the source of the biomass and
the fermentation process employed. However, they will generally include one of more of
proteins, sugars, amino acids, succinamic acid, succinamides, ammonium, sulphur, organics
and metal ions, Organics include other organic acids such as gcetic acid, pyruvic acid,
fumaric acid, malic acid and/or faclic acid. The metal ions may be present in the biomass
due to nutrient or feed impurities. The present invention enables the reaction to be carried
out without the reguirement o separate out these impurities in advance of the ssterification
reaction.

in one arrangement, the bio-suceinic acid may be supplied to the reaction distillation zone
cofumn as a solid. In ancther arrangement, it may be provided as a slurry or in solution in
alkancl or water. Whers # is provided as a slurry or solution in alkanol, this alkanol may
represent the full atkanol inventory or a part thereof. Where it {s only a part of the full
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requirementt, make-up alkanol may be added 1o the resction distillation zone. The overall
ratio of alkano! to succinic acid will be in the region of about 3:1 to about 10:1. It will be
understood that this is above the stoichiometric ratio for the esterification of succinic acid.

The present invention may be operated with bio-succinic acid feed comprising 50 wi% or
more succinic acid. In one arrangement, it may be 80 wi% or more. The acid feeds may
include up to about 20 wi% water. However, a lower water conlert is generally preferrsed.
The water content will vary with the crystallisation conditions and drying profifle.  In one
arrangemeant, the typical waler content will be In the region of about § wi% water. The
remainder will generally be the impurities.

The bie-succinic acid feed may be co-fed with one or more of maleic acid, maleic anhydride

and mong-aikyl malsate.

The reaction distillation zone column operates in co-current manner and as the di-ester of
succinic acid s more volatile than both the succinic acid and the mono-esier it is
preferentiaily vaporised from each reaction stage, and therefore its concentration upwardly
through the column will increase. The temperature profile can be designed to retain the acid
and mono-ester in the column unill di-esterification has occurred.  Thus the conversion to
the desired product is optirmised.

in one optional arrangement, before the bio-succinic acid is added to the reaclion column, it
may be pre-reacted with atkanecl in 2 pre-reactor. Suitable pre-reactors include a stirred tank
reactor. The stirred tank reactor is preferably a continuous stirred tank reactor. Any suitable
reaction conditions may be operated. In one arrangement the stirred tank reactor wilt be
operated at a temperalure in the region of from about 120°C o about 140°C fo enabie the
crystals of succinic acid fo be dissolved and 1o keep the acid in solution and to allow the
esterification reaction to occur. Suitable temperatures include 120°C, 125°C, 130°C, 135°C
and 140°C. The pressure within the stirred tank reactor may be in the region of from about 5
bara to about 10 bara. This is the optimum pressure to keep the alkanol in solution.
Suitable pressures include 5 bara, 6 bara, 7 bara, 8 bara, 9 bhara and 10 bara. Where an
elevated pressure is used, the first reactor will be operated al a sufficiently high temperature
for the autocatalytic ssterification reaction to proceed relatively fast, in the order of 20 fo 80
minufes, and the vaporsation of the alkano! to be prevented. The vaporisation is
undesirable as i will adversely affect the reaction equilibrium.  In one arrangement, the
reaction tims will be of the order of 40 10 50 minutes.

Any suitable molar ratic of alkanol to succinic acid may be selected for the stirred tank
reactor. In one arrangement, the molar ratio selected will be of from about 1:1 o about 6:1
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alkanol to succinic acid. Motar ratios of about 2:1, 3:1 and 4:1 may also be used. H will be
understood that increased alkanol will reduce reaction lime. However, the pressnce of
increased alkanao! will increase the cost of alkanol recycle.

Heat may be generated in the autocalalvtic reaction in the pre-reactor. A portion of this may
be used to overcome the heat of dissolution of the bio-succinic acid where the feed is a solid
or a shurry. Any residual heat may be recovered and utilised in the process of the present
invention or in upstream or downstream reactions. This may be by means of condensing
vapourised alkanol or my alternative means. In an alternative arrangement, heat may have
o be supplied to overcome the heat of dissolution.

The siream removed from the pre-reactor may be a solution hut may contain some residual

solids. In one arrangement, the stream removed from the pre-reacior may be a shurry.

The product stream from the pre-reactor comprising unreacted succinie acid, mono alkyl
ester, dialkyl ester, alkanol, water of esterification and impurities may optionally be passed
via a subsequent reaction vessel where further reaction occurs such that the conversion of
any mono-ester to di-ester is increased. Any suilable subsequent reaction vessel may be
used. In one arrangement, a plug flow reaction vessel may be used. Any suitable reaction
conditions may be used in this reactor which allows the further esterification to occur.

if the subseguent reaction vessel is used, the reaction stream recovered from the plug flow
reactor will be passed {o the reaction distillation zone column.

Where a pre-reactor, optionally with a subsequent reactor are used, the recovered steam
may be treated such that there is a crude removal of the water of esterification, and
optionally, excess alkanol. Any suitable treatment mesans may be provided. In one
arrangement, a flash/distiilation column may be used.

Additionally or alternatively, the temperature of the reaction stream may be adjusted as
required before being added to the reaction distillation zone column.

The use of the optional pre-reactor and the optional subsequent reaction vessel will
generally reduce the amount of alkano! required for the reaction distillation zone column,

Any suitable reaction distillation zone column arrangement may be used. In general it will be
designed to maximise reaction and Wnprove separation. Thus a plurality of reaclion
distillation stages may be used. In one arrangement, the reaction distillation zone column
will comprise liquid hold-up trays to afford extra residence time therein. In addition,
convantional distillation slages may be located in the reaction distiliation zone column above
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the reactive distillation stages. By this amrangement, heavy impurilies, succinic acid and
mono-ester can be retained in the reaction distillation zone column. A partial condenser
may be present to assist in retaining the impurities in the column. The heavy impurities may
then be purged from the sump of the reactor.

in one altemative arrangement, a divided wall column may be used. In this arrangement,

the feed may be fed to opposite sides of the wall to any recycles.

The reaction distillation zone column may be operatad al any suitable reaction conditions to
assist the furtherance of the reaction. An overheads pressure of about 1.3 bara to about 10
hara. Pressures of 1 bara, 2 bara, 3 bara, 4 bara, § bara and 6 bara may be used. A
pressure of about 2 bara may offer cerlain advanfages particularly where the alkanol is
methanol. The pressure is selecled to allow sufficient alkanal concentration to be retained in
he liquid phase at the required reaction temperature.

Any suitable reaction temperature may be used. In one arrangement the reaction distillation
zone column may operate at a temperature of about 80°C to about 300°C. Particular
advantages may he noted where a temperature of about 100°C to about 200°C is used. A
temperature of about 180°C may be particularly advantageous. The temperature in the
column sump may be about 80°C to about 250°C while the temperature in the overheads of
the column may be about 80°C to about 170°C.

The reaction in the reaction distillation zone column may be camied out in the absence of a
catalyst such that it is aulo-catalysed. In an allernative arrangement, a catalyst may be
used. in one arrangement, the catalysl may be located in the sump of the reaction
distillation zone column. In an alternative arrangement, the catalyst may be located in the
upper stages of the reaction distillation zone columin. By this means, the impurities will not

come into contact with the catalyst.

The stream removed from at or near the fop of the reaction distillation 2zone column is
passed 1o an alkanol separation column. In one alternative, before the stream is passed to
the alkanol separation column, it may be passed through a condenser, or part condenser, to
recover heat which may be used in the system. In addition, this will reduce the cooling water
ioad on any condenser on the alkanol separation column. Fully condensing the overheads
stream may be desirable to allow the reaction distillation zone column to operate at & lower
pressure, rather than a higher pressure, than the alkanol separation zone in arder to
moderate the temperature of the sump of the reaction distillation zone column.  This will

aliow lower grade reboil heat and hence allow lower grade material © be used for
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construction. In one arrangement, the presence of the alkanol separation column can give
an ovarhead pressure of about 1.3 bara.

The stream removed from the reaction distiliation zone column may be supplied to any
suitable point of the alkanol separation column. In one arrangement it will be supplied at or
near a central region thereof.

The alkanol separation column may be of any suilable configuration.  Alkanol will be
removed from at, or ngar fo, the top of the alkanol separation column, This alkanel may be
recycled fo the reaction distillation zone column andfor to the pre-reacior where present.
Conventionally, this alkanol will be removed as a liquid. In one arrangement, the alkanol
may be removed as a vapour. Generally the vapour will be compressed before being
pumped to the point at which it will be used. By this means, the condenser duty on the
alikanol separation column can be reduced. Where the vapour is returned to the reaction
column, having it as a vapour will reduce the vaporisation duty for the reboiler of the reaction

column,

In one arrangement, a purge may be taken. This purge may remove light impurities and/or
sufphur, As the alkanol is continuously remaved overhead from the reaction distillation zone
column, the reaction is not equilibrium limited and as such very high purity atkanol is not
reguired to achieve a high purity di-ester product. The alkanol separation column will be
operated at any suitable conditions to enable the separation {0 occur. in one arrangement,
the pressure of the column gverhead wilt be in the region of about 1.3 bara to about 2 bara.
This is particidarly appropriate where the alkano!l is methanol. Pressures of about 1.5 bara,
about 1 bara, and about 1.5 bara. The temperature will depend on the atkano! used. Where
the alkanol is methanel, the temperature will be about 70°C.

A stream comprising the desired di-ester is remaved from the alkanol separation column as
a side draw. Generally, the side draw is removed from the alkanol separation column at a
point below the feed point. As this side draw comprises partially immiscible organic and
aquecus phases, it is passed io a phase separation apparatus. Any suitable phase
separation apparatus may be used. In one arrangement, a decanter may be used.

The feed to the phase separation apparatus may be cooled to enhance the phase
separation.

in one arangement, the separated agueous phase is returned to the alkanol separation
column. The retumed aqueous phase is generally retumed 1o a point below the draw point.
in a preferred arrangement, the agueous phase is added just below the draw point. This will

13
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allow the water/dialkyl succinate azeolrope to be overcome and will minimise di-ester
slippage info the alkanol separation column bottoms. An interchanger may be used to

recover heat from the aqueous phase being returned 1o the alkanol separation celumn,

The organic phase recovered from that of the phase separation apparatus may be passed to
the reaction distilation zone column. In this arrangament, a siream removing liquid diatkyl
succinate will generally be removed from the reaction column as a side draw below the point
at which the organic stream from the phase separation apparatus is supplied o the reaction
distillation columi. in this arrangement, a purge may be taken from the alkanol separation
column o remove butanol. The purge may be taken from a peint below the feed point but
above the dialkyl succinatehwater draw. The draw may be passed threugh the decanter fo
minimise the water/alkanol/dialkyl succinate losses in the purge.

In an allernative arrangement, the organic phase recovered from the phase separation
apparatus may be passed {o a dialkyl succinate separation column. This column preferably
operates al mild vacuum ¢ moderate the temperatures requited. In one arangemeni, the
pressure of the column overhead will be in the region of about 0.1 bara o about 1 bara.
Prassures of about £.25 bara, 0.5 bara and about 0.75 bara. The bottoms from the column
will be essentially 100% dimethylsuccinate and thus the temperature will be about 140°C {o
about 170°C depending on the operating pressure.

Generally the di-alkyl succinate will be removed from the diatkyl succinate separation column
as a boltom stream.

In one arangement, any rasidual water in the feed fo the dialkyl succinale separation
columpn is removed as an overhead. It may be recycled to the alkanol separation column,

Streams containing water from downsfream reactions, such as those from the distillation
train in the butanediol production process, may be fed to the alkano! separation column.
Where this occurs, butanol, which is a by-product of the hydrogenolysis reaction in the
production of butanediol, will concentrate in the organics phase from the phase separation
apparatus and may optionally be purged from the dialkyl succinate separation column,
generally as a fiquid draw. Additionally or alternatively, butanol may be purged from the
alkano! separation column.

This butano! purge, if taken, may contain a significant portion of dialkyl succinate which will
be a loss to the system. In one arrangement, these losses may be reduced by replacing the
jiquid draw purge and allowing more organics 1o pass into the overhead stream, In this
arrangement, the overhead is passed to a second phase separation apparatus where the

12
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agueous phase is separated from the organic phase. This sscond phase separation
apparatus may be a decanter. In one arrangement, the agueous phase may be returned {o
the alkanol separation column. It may be supplied directly {o the alkanol separation column
of it may be combined with the agueous phase from the phase separation apparatus located
after the atkanol separation column,

in one arrangement, the organic phase from the second phase separation apparatus is
passed to a dialkyl succinate/butanol separation column., In this arrangement, butanol is
concenirated in the overheads of the dialkyl succinate/butanol separation column and a high
purity di-atkyl succinate stream is recovered from at, or near, the column botloms.

As the feed to the dialkyl succinale/butanol separation column will generally be of relatively
tow volume, the dialkyl succinatefbutanol separation column may advantageously be
arranged as a side column in the dialkyl succinate separation colurmn, In this arrangaement a
vapour draw from the botlom of the dialtkyl succinale separation colunmn may be used in
place of a dedicated reboller.

in one altemative, the diatky! succinate/butanc! separation column and the dialkyi succinate
separation column may be inlegrated by the use of a divided wall at the base of the dialkyi
succinate separation column.

In an afiernative arrangement, a portion of the diester produced in the reaction distillation
column zone is removed as a liquid side draw. The remainder is removed in the overhead
and passed o the alkanol separation column as discussed above. Ih one arrangement, a
major portion of the diester is removed in the side draw. In this arrangement, the reflux ratio
of the reaction distiliation zone column will generally be increassd so that the majority of the
separation of the dialkyl-succinate from the water of esterification and excess methanoi
gocurs within the reaction distillation zone column rather than in the alkanol separation
column.

A portion of the hot dialkyl ester draw from the reaction distiliation zone column may
optionally be supplisd to the dialkyl succinate separation column where the vapour flashed
by letling down the pressure can be used in place of 2 reboiler on the column.

Where a portion of the produsct stream is removed as a side draw from the reaction
distillation column and where aguecus recycle sireams from the downstream distilfation train
of butandiol production, the buianc! which is a by-product of the hydrogenolysis reaction may
be optionally purged as a liguid draw from the alkanol separation columin rather than the
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dialkyl succinate separation column since the dialky! succinate concentration is lower and
thus di-ester losses ars reduced.

The esterification in the reaction distiliation zone column and one or both of the alkanol
separation and the dialkyl succinate separation can be performed in separate columns, In
one alternative, the reaction distiflation column zone and one or both of the distillation
columng can be combined in a single column.  In this fatler arrangement, the unreacted acid
and mono-ester are largsly retained in the reaction distillation column zone by the column
reflux with only the more volatile sster leaving overhead. A benefit of Keeping the reaction
and distitlation zones in @ single column has the benefit of keeping the recycles within the
column.

Certain advartages may be noied where the reaclion distillation zone celumn and the
slkanol separation and the diatkyt succinate separation columns are localed in separate
columns since the column overhead pressures can be {ailored o the specific requirements
of the respective column.

in some embodiments, where the composition of the sump in the reaction distillation zone
column is fargely succinic acid and monoalkyl succinate, a high temperature, possibly in the
region of 240° C or above, may be noled. This high temperature may provide some
challenges. First, substantial heat may have io be provided to the reboiler. This may be of
the order of 40 bar steam. Further, the corrosive natwre of the compositions present in he
reactor af these temperatures may mean that higher grade materials may be required for the
fabrication of the reaciors. 1t is also possible that at these lemperalures by-product reactions
may occur andfor thermal decomposition of feedstock impurities may become significant
which will negatively impact on the efficiency of the reaction. 1 is therefore desirable to seek
to mitigate these challenges in the embodiments where they ooour,

in arrangements where this oceurs, it may be desirable to remove a purge front the sump of
the reaction distillation zone column. The purge may be taken at a higher than conventional
rate. A purge up o about 5% of the feed rale may be taken. This purge may optionally be
mixed with alkanol and passed to a purge reactor in which succinic acid and monoatkyl
succinate are converted to the desired dialkyl succinate. This dialkyl succinate may be
directly recovered, or in one arrangement may be recycled o the reaction distillation zone
column. Where the dialky! succinate is returned to the reaction distillation zone column, it will
generally be supplied above the reaction stages of the column,
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The alkancl mixed with the purge will generally be provided in a large excess. in one
arrangement 4 or 5 moles of alkanol may be used for each mole of succinic acid and
monoalkyl succinste.

Any suitable reacior may be used for the purgs reactor. In one arrangement, the reactor will
be a plug flow type reactor. Any suitable reaction conditions may be used for the purge
rsactor. Generally, the purge reactor will be operated at a higher pressure, normally 10 to 20
bara, than the column in order to keep the alkanol in solution at sufficiently high
temperatures for conversion to occur. Suitable temperatures include about 150°C to about
180°C. Whilst g catalyst may be usaed, generally the reaction will be autocatalvtic. The
residence time may be from about 1.5 to about 2 hours, it is believed that this should allow
75% or more of the succinic acid and moncalkyl succinate in the purge stream o be
converted. This would aliow the reaclion distillation column zone sump temperature o be
reduced {o about 220°C.

Any suitable atkano! may be used. Generally a G, fo C; alkanol will be used with methanol
or ethanol being preferred and with methano! being paricularly preferrad.

As the process of the present invention can ulilise succinic acid of a lower purity such as bio-
succinic acid, there are significant savings in the number of purification steps required o be
petformead on the product of the fermentation process. Thus the costs will be substantially
reduced and the succinic esterification plant wilt be able to supply feed to the butanediol
plant at a competitive price in comparison to the convertional maleic anhydride.

in one arrangement, a weak base anion exchange resin system may be used as a polishing
step to remove any residual impurities which may be present and which could poison any
catalyst used in downslream reactions. This polishing step will alse act as a guard bed to
protect downsiream catalyst in the event of slippages in the operation of the present
invention. In one amrangament the exchange resin could be a sgcrificial systam in which
case it will generally be constructad for ease of replasement. iIn an altemalive arrangement,
it will include a regeneration system with a base solution.

The condensing requirement for the alkanol may be reduced by using mechanical vapour re-
comprassion of any alkanol recycle stream such that it can be introduced directly into the
hotiom of the reaction distillation zone column.

Whilst the present invention has been described with refsrence 1o a purpose-built plant, it will
be understond that conventional plants, such as those built to operate the processes
describad in US 478584 and WO 80/08127, may be adapted to usa the present invention,
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The dialkl succinate produced in the present Invention may be used in the production of 1.4~
butarediol, tetrahydrofuran and/or y-butyrolactone. In addition, it may be used in other
processes such as in the manufacture of pharmaceuticals, agrochemicals, perfumery
products, plastics, coatings, dyes, pigments, printing inks and other organic compounds.
Further it may be hydrolysed back to succinic acid. In this case, the acid will have a higher
puirity than the acid fed to the present invention.

The present invention will now be described hy way of example with reference to the
accampanying drawings in which:
Figure 1 is a schematic lHustration of a flow sheet according to one aspect of

the prasent invention;

Figure 2 is a schematic ilfustration of a flow sheet according to a second aspeci
of the present invention;

Figure 3 is a schematic illustration of & modiiied arrangement of the flow shest
of Figure 2,
Figure 4 is a schematic ilustration of a flow shest according 1o a third aspect of

the present invention;

Figure & is an Hlustration of one design of a reaction distillation zone column
suitable for use in the fliow sheet of Figure 2 or 3;

Figure 6 is an iustration of a design of a reaction distillation zone column

suitable for use in the flow sheet of Figure 1, 4 0r7;

Figure 7 is & schematic illusiration of a flow sheet according to a fourth aspect
of the presant invantion;

Figure 8 is a graph of resulls from Background Example 1,
Figure 9 is a graph of resulls from Background Example 2;
Figure 10 is a graph of results from Background Example 3,
Figure 11 iz & graph illustrating the resuls from Example 1;
Figure 12 is schemalic representation of the autoclave set up used in Exampfe

2;
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Figure 13 is a graph Hlustrating the resulls of Example 2 {run 1);
Figure 14 iHustrates the overheads analysis of Example 4;
Figure 15 iHustrates the flask analysis of Example 4;

Figure 16 Hlustrates the temperaiures of Example 4;

Figure 17 illustrates the overheads analysis of Example 5,
Figure 18 illustrates the pot analysis of Example §; and

Figure 19 fHustrates the temperatures of Example 5.

it will be understood by those skilled in the art that the drawings are diagrammatic and that
further items of equipment such as reflux drums, pumps, vacuum pumps, temperature
Sensors, pressure sensors, pressure relief valves, control valves, flow controllars, leval
controliers, holding tanks, storage tanks, and the like may be required in a commercial plant.
The provision of such ancillary items of equipmant forms no part of the present invention and
is in accordance with conventional chemical engineering praclice.

The invention will be discussed with reference to the methylation of succinic acid, However,
it is equally applicable to the use of other alkanals,

As illustrated in Figurs 1, optionally, succinic acid crystals are added in line 1 to a continuous
stirred tank reactor A operating at above atmospheric pressure by means of a jock hopper
system. Methanol is added in ling 2. The succinic acid is simulianecusly dissclved in and
reacted with the methanol. A product stream 3 from the continucus stirred tank reactor A
comprises a part converted mixiure of dissolved succinic acid, mono-ester, di-ester,
methanol and water. This is optionally passed to a plug flow reaction vessel B where further
conversion fram mono to di-esier occurs.  This feed is then passed to the distillation
reaction distitlation zone column C at or near the base thereof.

Alternatively, the succinic acid is fed directly at or near io the base of the reaction distillation
zone column C. it may be fed as a solid or it may be pre-siurried in methanol. Where the
plug flow reaction vessel B is admitted, the product stream 3 from the stirred tank reactor is
fed directly to the reaction distilation zone column C. The succinic acid and reaction
products will flow upwardly as vapour. Additional methano! may be added in ling 4.

One example of a suitable arrangement for the reaction distillation column zone is illustrated
in Figure 6. i one arrangement, a distillation zone 202 is located above a reaction zone
201. Any suitable packing may be used for these zones. Trays of any suitable configuration
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may be used. A purge 11 is removed from the bottom of the reactor C. This will contain the
heavy impurities from the bio-suceinic acid. A portion of the purge may be relurned through
the reactar C via heater 203.

The bio-succinic acid and the methano! fiow upwardly through the reaction distillation column
zone C of Figure 1. A methanol wash may be applied to the reaction zone columa.
bmpurilies from the feed are purged in line 11.

A stream comprising diaikyl succinate, water, and excess methanol are removed as an
overhead stream 6. A condenser ¥ may be provided to provide reflux. The remainder of the
stream may be passed through an optional condenser G (lHlustrated in Figure 2) to fully
condense the stream before it is passed in ling § to the alkano! separation column E. Fully
condensing the stream enables the reaction distiliation zone column to be operated at a
fower prassure than the alkanol separation column.

A methanol stream is removed in line 29. A condenser 10 may be provided to provide
column reflux. Column bottoms are purged in line 5. A reboiler 12 may be provided on the
column E.

Butanct may be removed as a side draw in line 28 as shown in Figure 1.

Dimethyt succinate is removed from the alkanol separation column E as a liquid side draw
13 from a point below the point at which line 8 is added to the column E. This stream 13,
which will also include water, is passed to decanter F whers the partially immiscible organic
and aqueous phases are separated. The aqueous phase is returned to column E in line 14
to a point just below the point at which line 13 is removed. This allows the azectrope
hatween the water and ester fo be overcome and minimise slippage of desired ester info the
column pottoms.

The dimethyl succinate organic stream is removed from the decanter F in line 1§ and
returned to the reaction distillation column zone C at @ point above the reaction stages.

The product stream is removed from reaction distillation column zone C in line 27 at a point
below where the dimethyl succinate organic stream in line 15 is added the reaction
distiflation column zone C,

An alternative arrangement is illustrated in Figure 2. In this arrangement, the dimethyl
succinate organic stream removed from the decanter F in line 15 is passed to the dialkyl
succinate separation column H. The column includes a reboiler 16, The dimethyl succinate
product is recovered from column H in line 17, Any aqueous phase carried over in siream
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15 from the decanter F will be separated in colurmn H and will be removed overhead in line
18. This stream is recycled back o column £ and will generally be added to the reactor with
the agueous stream 14 from the decanter F. A condenser 19 may provide column reflux,

Where the alkano! separation column is also used to separate streams containing water and
methanol from a butanediol distiflation process, butanol will concentrate in the organics
phase in stream 15 from decanter F and may be purged from the dialkyl succinale
separation column as a lquid draw in fine 20.

A modified process is lustrated in Figure 3. This is particularly sullable where the alkanol
separation column is used io separate streams containing waler and mathanol from a
butanedicl distilation process. Although the arrangement described above in which the
butanc! is removed as a side draw in line 20 offers various advanltages, some dialkyl

succinate will be lost in this draw. The modified process, as Hustraled in Figure 3,
addresses this.

In this arrangement, the side draw 20 is omitled and more organics are allowed {o pass in
fine 18 to decanter | in which partially immiscible aguecus and organic phases are
separated. The aguecus phase is returned fo the alkanol separation column in fine 21, The
organic phase is passed in line 22 to a dialkyl succinate/butanct separation column J.
Butano! is removed as overhead in line 23. A condenser 24 may provide column reflux, A
column reboller 26 will generally be praovided. The dialkyl succinate is removed from the
column Jd in line 26,

A further alternative io the arrangement of Figure 2 is illustrated in Figure 4. In this
arrangement, a portion of the product is removed from reaction distitlation zone column C as
a side draw in line 27. Any bulanol present can be removed as a side draw in line 28 from

the alkanol separation column.

A schemalic representation of a reaction distifiation column zone C suitable for use in this
alternative process is illustrated in Figure 6.

A further alternative arrangement is lustrated in Figure 7. This has been ilustrated as a
modification of the process Hlusirated in Figure 1. However, it will be understond that this
modification may be applied to any embodiment of the present invention.

A purge 30 is removed from the sample of reaction distillation zone column € and passed to
a purge reactor K. The purge will generally comprise succinic acid and monomethyl
succinate. This purge reactor is generally a plug flow type reactor. Methanol is added to the
purge reactor K in jine 31. The preduct from purge reactor K, which comnfains any unreacted
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components from the purge and of the desired dimethyt succinate are returned in line 32 io
the reaction distillation zone colunmn C.

The present invention will now be described with reference o the foliowing examples.

Background Example 1

A 1 litre auloclave was charged with Myriant bio-succinic acid (500 g, 4.2 mol} and methanol
(149 g, 4.7 mol, 1.1 equivalent). The vessel was sealed, pressurised o 40 bar{g) under
ritrogen and heated to 200°C at which point the reaction mixiure was agitated by stiring at
300 rpm. After 3 hours the vessel was cooled and the product discharged as a light-brown
slurry. This process was repeated until sufficient monomethyl succinate had besn prepared

for further esterification testwork.

The festwork was repeated fo obiain discrete samples of monomelhy! succinate derived
from crude and pure Myriant bic-succinic acid samplas.

A 500 mi reaction vessel was charged with 300 g of the crude bio-mong-methyl succinate
and 30 g of DPT-2 resin {available from Johnson Matthey Davy Technologies Limited). The
vessel was then heated {o give an approximale pot temperature of 1158°C, wilh the flange
heated o a temperature of 120°C to reduce internal reflux. Methanol was then infroduced
girectly info the ligucor at 3 molar equivalents per hour. The rasulting vapour was removed
and condensed. Samples of the liquor were faken with time and analysed by titration against
0.1 M potassium hydroxide using phenolphthalein as the indicalor and scetone as the
solvent. The reaction was continued uniil the monomethyl succinate concentration was <0.5

with.

The experiment was repeated o give 4 runs, the results of which can be seen in Figure 8.
The results of the testwork suggest that there was deaclivation of the resin with the crude

Myriant succinate.

Analysis of the deactivaled resin by XRF indicated the presence of relatively large amounis
of Fe, however, this was not seen in the crude bio-monomethyl succinate,

Background Exampla 2

The experiment described above was repeated using bio-monomethyl succinate derived
from pure Myriant bio-succinic acid. Five repeat runs were performed using the same
charge of ion exchange resin, the resulls of which can be seen in Figure 8. The results
indicate that there is liftle deactivation of the resin with the purer material.
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Background Example 3

To confirm the efficacy of the experiments on the Myriant bio-succinic acid samples the
process described above was repeated, for @ mono-ester feed derived from maleic
anhydride. To a 3-necked round-bottomed flask was added malsic anhydride (2 kg, 20.4
mal). The vessel was heated to 80°C with stirring, at which point methanol {784 g, 3 mol
squivalent) was added drop-wise, maintaining an exotherm of less than 10°C. Once the
methanol addition was complete the vessel was crash cooled under running water and
discharged.

Four repeat eslerification tests were performed using the monomethyl maleate synthesised
above according to the procedure described previously using the same sample of resin.
There was no evidance of deactivation as illustrated in Figurs 10

Example 1

This example demonstrates esterification of succinic acid with methanol at temperatures of
18G-210°C in batch autoclaves.,

Studies on succinic acid conversion were underizken using 6 x 100 om® Hastelioy™
autoclaves each containing & cross-shapsd magnetic follower. Heating was provided by a
metailic block-heater which was close-fitted {0 each autoclave. Healing was controlled by a
suitable temperature controller and each autoclave was individually magnetically stirred.
The biock was pre-healed to the desired reaction temperature prior o the addition of the
aufoclaves.

Each autoclave was individually charged with the desired slarting composition of succinic
acid and methanol (up to 30 g) and the resulting suspension sealed and pressured with 150
psig nitrogen at rocom temperature, to minimise component vapour losses during reaction.
The autoclaves were leak-testad for 45 minutes and all six placed inlo the pre-hsated block
together. An initial run had determined that a maximum autodave pressure (ca. 380 psig at
180°C) was obtained after 25 minutes in the heated block (30 minutes at 216°C) and these
fimings were therefore used as the T = 0" start times for sampling.

Autoclaves were then removed from the block upon reaching their dssired sample timings
and immediately submerged in ice-water for 15 minutes in order to rapidly quench the
reaction. Mass balances were calculatied from comparison of the autoclave masses afler
reaction {vented) with that of the empty autoclave. All samples were analysed for water
{coulometric Karl-Fisher) and by GC (Regisil-ireated, 50 m DB-1 column, HY 381 meathoed).
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Starting molar compositions of succinic acld to methanot of 12 and 1:4 were employed at
reaction temperatures of 180°C and 210°C, above the melling point of succinic acid. Datla
was oollected at 10 or 15 minute intervals starting from T = O giving data for 50 or 75
minutes per run, Mass balances were generally good (>88%) which is likely 1o be dus o
good retention of volatiles with the cold-sampling method employed. Methano! levels by GG,
however, are still considered unreliable due to the rapid exctherm present upon Regisil
ealment of samples. This is likely to be due to the high fevels of water present in these
samples, typically being in excess of 10 wi%.

The data oblained, which is presented in Tables 1 - 4 shows trends in the components as
expected, with greater conversion o dimethylsuccinate at increased lemperature and
increased methanol 1o succinic acid ratio.

Table 1
Results of esterification of succinic acid in g 1:4 ratio with methanol
&t 190°C in 6 x batch auvtoclaves
Run 1 | Experiment Descriplion | 1: 4. Methanol : Succinic Acid ~ 190°C; 8 x 100 mi Autociaves
Autociave Charge (per Auteclave)

Componant Mass /g RMM 7/ g mol-1 Mols | Mol Fraction
Methanol 15.2 32 0.475 80.0%
Suecinic acod 14.0 118 0.118 20.0%
Totals 29.2 3.593

Autociave Number NIA 1 2 3 4 5 6
Timea / min initial 0 15 30 48 80 75
Mass Discharged / g 29.1 28.0 28.8 28.2 28.2 29,2
Components

Methanolf GC, wi % 52.033 | 33.304 | 30.328 ¢ 30,221 20818 | 29.014 | 27.828
Dimethyl succinate! GG, wt % 0.900 18.053 | 30180 | 34.492 42,496 | 37.548 | 37.278
Monomeihyi suscinate/GO wt % $3.000 28830 | 22.852 | 21.035 10.242 18.684 | 18.480
Succinic acid /GC, wi % | 47.867 | 11.083 | 4.501 3,483 2.533 2.332 2.281
Water / KFT, wi % 0.00¢ 7.172 8,792 10,344 13,245 | 11.6682 | 13.407
Sum of Knowns (%) 160.0 28,5 87.8 £58.2 107 .1 8.3 99.3
Mathanot / mol 1.626 1.041 £.048 0,944 0,826 £.807 0.870
Dimethylsuccinate f mol .000 0.130 {1,207 0.238 0,281 0.257 {.255
Monomethyisuccinateimol 0.000 0.218 0.173 0,158 0.140 0,142 .140
Succinit acid / mol 0.407 0.084 0.039 {.027 0.021 0.020 {$.019
Water / ma 0.000 | 0388 0.544 0$.575 £2.738 0.648 0.745
MOL Total 203.3 188.2 191.1 194.1 211.9 197 .4 202.9
Mathanat / mol fraction 8.800 £.553 3.488 0.486 1.437 .45 0.429
Dimethvisuccinate! mol 0.000 0.06% 0.108 8.122 4,137 0.130 0.126
fraction

MRS / mot fraction 0.000 0.116 G.091 .0382 0,088 0.072 3.068
SAL [ mol fraction 0.200 0.050 0.020 0.014 0.010 ¢.010 0.010
Water / mof fraction £.060 (0.212 £.285 0.296 0.247 (.329 0.367
Mass Balance (%) 98.7 38.7 99.4 499.0 1G60.0 100.0 100.0
Methano! Balance (%) 100,90 131.0 100.4 101.8 87.5 98.9 937
Caonvarslon to Dimathy: 0.0 29.5 49.4 55.9 83.5 £81.5 £1.6
succinate {13, bagia) (%)
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Results of esterification of succinic acid in a 1:2 ratio with mathanol

at 190°C in § x batch autoclaves

Run | Experiment
2 Descriplion

102, Mathano! : Succinic Ackd « 180°C; 6 x 100 i Autoclaves

Autoctave Charge (per Autoclave)

Conmpanent RMass f g RMM 7 g mol-1 Mols Mol Fraction
Methanal 7.5 32 {.238 68.7%
Bucairie acid 14.0 148 00118 33.3%
Totals 218 g £.358

Autociave Number P 1 2 3 & ) 8
Timeimin initia 0 15 30 48 64 75
Maas Discharged / g NIA 21.2 214 21.3 21.4 21.4 21.8
Components

Methana! / GO, wt % 35185 | 120082 | 11.285 $.0940 8,704 g.488 | 9.168%
Dimathyt sucoinatel GG, wi % .00 27.351 | 32232 | 35458 35.820 3B.613 | 36817
Monometiyl succinatelG wi % | G.000 360,783 | 33.848 | 32.318 32,4084 31168 | 31787
Succinic acid / G0, wi % 64.815 | 12,5871 9.831 8.585 8.181 7.766 8.118
Water / KFT, wi % G.000 10.000 | 12.317 | 13.068 13.288 13,478 | 13.388
Sum of Knowns {%) 100.0 a8.8 28,3 48.4 88.5 48.4 9.0
Meathano! { mol 1.100 0.377 0.351% 0.311 0.303 $.298 288
Dimethiyl succinate / mod £.000 £.187 0.221 0.243 0.245 3.251 0.280
Monomethyt suscinats § el 0,000 0.278 4.255 03,245 3.248 (.23% .241
Sugcinic add / mal 0.5848 0107 0.083 0.073 0.068 3.066 (.068
Water / mal 00400 0.558 0.684 (.7286 (0.73% 0.748 | 1.744
MOL Total 164.9 180.5 180.4 158.7 1680.3 158.4 158.6
pMathano! / mol fraction 0.667 0.250 0.220 1195 0.188 0,188 (180
Dimethyt suecinete / mol fraction | 0-008 0.124 0.138 03,182 £3.183 0.187 | G157
ff\'?fnzpmeﬁw! sccinate { ol 0.000 ¢1RE | 0.160 0.183 0.153 0148 | 018
TRCNGN

Suceinic acld F mal fractinn {3.333 .07 0.05¢ 0.046 ¢.043 0,044 0.0643
Water / ol fraction $.000 $.368 0,429 0.455 .481 0.468 0.468
Mass Balance (%) NIA, 38.1 88.1 85.6 89.1 88,1 90.5
Mathanol Balance {56) 100.0 10:8.7 28.5 G7.8 97,3 §7.2 96.9
Conversion to DMS 4.0 327 385 433 43.8 454 44.7
{Cq basis) (%)
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Table 3
Resulls of esterification of succinio aoid In g 1:4 ratio
with methanol at 240°C in & ¥ bateh awtockives

Run 3 Experimeant 1 4, Methanaol : Succinic Acid ~ 210°C; 6 x 100 mt Auloclaves
Description

Autoclave Charge {per Autoclave)}

Compenant Mass/ g KM { g ol Mols Mot Fraction
Methanol 15.2 32 0,476 80.0%
Succinic aci 14.0 118 0.119 20.0%
TOTALS 28.2 g 0.594
Autoctave Number NIA 1 2 | 3 4 5 8
Tima / min HHEY 0 15 380 48 &0 75
Mass Discharged / ¢ NiA 21.2 214 21.3 214 21.4 21.8
Components
Mathanol / GC, wit % 52088 1 26847 | 28.503 | 27.002 | 27.633 | IBATV | 7437
Timethyt sucsinateGC with 0.006 | 30617 | 34013 | 37.628 | 38881 38.136 | 4D.186
Monomathyt suncinateiG0wW% 0000 | 26.719 | 22433 1 20102 | 18.800 | 16.032 : 16740
Suceinic acid / GC, wt % 47.845 | 54054 3.458 | 3.695 1.981 1.883 1.888
Water / KET, wi % 0.000 | 10222 | 10808 | 118681 | 11785 | 12221 | 12.857
Sum of Knowns (%) 1G0.0 898 8g.2 S8.0 96.9 96.4 8K 8
Methanol / mot {30) 162.7 83.6 891 84.4 88.4 88.1 85.7
Dimethy suttinate ! mot (%) 4.0 210 233 25.8 264 281 7.5
Monomethyl succinate / mol {%) 0.0 20.2 17.0 18.2 12.8 12.1 12.7
Succisie acid { mot {%) 40.6 4.8 2.9 23 1.7 1.8 1.8
Water /mol  {%) 0.0 58.8 701 64.2 65.5 87.9 70.3
MO Total 203.3 188.8 182.3 181.9 1827 195.8 i87.9
Methano! / mal fraction 0.800 £.44¥ 04683 | 0.440 0.448 0.450 : 0.433
Dimetnyt stccinate § maol fraction 0.000 0113 0129 £.134 0137 8.133 g.138
;\*bntf:me%’w! succinata / mal 0.000 0.108 0.088 | 0.079 0.066 0.062 (.064
Tacuon
Suecing adld / mol fraction 0.200 0.028 3.015 | 0012 0.008 {.008 {4,908
Water { mol fraction 8.00¢ 0.306 {1.312 | 0.335 0.340 0.347 $.355
Mass Batance (%) WA 728 e ite) 72.9 73.3 733 3.6
fMethano! Balance 100.0 Q7.7 gg.2 38.4 98.8 G67.3 86.8
Conversion {0 Bimathyl 0.0 45.8 53.9 53.6 04.8 65.5 68.8
suceinate {G4 basis) (%)
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Table 4
Results of esterification of succinic acid in a 1.2 ratio with
methanol at 210°C in 6 ¥ batch autoclaves

1 2, Methano! 1 Succinic Acid - 2910°C: 80100 mi

Run 4 | Experiment Description Autoclaves

Autoctave Charge (per Autoclave)

Componsant Mass / g RMM / g mol-1 Mals Mol Fraction
Mathanol 7.6 32 0.258 66.7%
Suceinic acid 14,0 118 0.118 33.3%
TQTALS 21.6 v 0.356

Autactave Number NA | 1 2 | 3 4 3 6
Tirne / min fritia g 15 30 48 &0 is)
Mass Discharged 7 @ NfA 21.3 21.4 21.4 21.3 21.8 21,4
Components

Mueiharo! f GO, wi % 35185 | 11.874 | 10.G15 8.814 10.467 8.261 8.531

Dimsathyt succinate / GO, wit % 0.000 | 34477 | 35544 36.478 36.246 38.944 | 38.118
Monomathyl succinate/GCut % Q.000 | 32.082 | 32.488 31.892 30.648 | 31.474 | 31242

Succing acid / G, wt % 84,815 | 8.305 8.491 B.291 7.958 8002 | 7.745
Water / KFT, wi % 0.000 | 11.889 | 12.821 12,815 13.787 | 13.818 | 14.1114
Sum of Knowns (%) 100.0 28.8 831 99.3 8.1 008 8.7
Methano! / pial (%) 110.0 374 31.3 31.0 327 289 29.8
Dimethyt suscinate / ot (%) Q.0 23.8 24.3 250 248 25.3 247
Morometny! succinate/mol {%) 0.0 243 24.5 24.0 23.2 238 237
Succinic acid / mol (%) 54.9 7.4 7.2 7.0 8.7 6.8 6.6
Water / mod 0.0 #5.8 68.6 718 | 766 77.3 78.4
MOL Totad 164.8 158.0 187.0 15R8.8 1841 162.2 1631
Meathanol/ mol fraction 0.6867 | 0.238 0.109 0.185 .18 0.178 | G.183

Dimethyt succinate / mol fraction 4.000 0.148 {.185 0.157 0,189 G186 0.182
Moenamethyl succinate £ ol

fraction §.000 | 0.183 0187 0,151 0.144 G.147 0.145
Succinic acid f mol

fraction 0.333 | Q.044 {.046 {1,044 {.044 0.042 0.04¢
Water / mol fraction 3.000 | Q4148 0.443 {3,452 0.467 (.477 $.481
Mass Balance {56) NI& 38.8 281 999 98.4 1006 9.1

Methano! Balance (%) 100.0 | 1028 458.9 581 96.5 5.6 94.8

Conversion 1o Timathyt 0.0 43.0 43.4 44.8 45,3 48.2 450

succinate (G4 basis) {9}

The resuits are Hustraled in Figure 11,

Exanple 2

This example illusirates esterification of mono-methyl succinate with methanol to the di-ester

with conversion of almost 80% at a temperature of 180°C.
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The monomethyl succinate for this testwork was synthesized in-house from commercially
available succinic anhydride and used in its crude form. A 1 dm® stainless stee! autoclave
fitted with a bottoms sample point was charged with monomaethylsuccinate and made up 1o
200 psig with nitrogen to minimise component vapour pressures. The reaclor was then
heated {o the desired reaction termperature of 180°C and methanol pumped o the autoclave
via an HPLC pump at a desired rate this was called time zero ("7 = 0"}, Qverheads were
extracted via an electrically traced heated line to avoid condensation and reflux of the
product mixture. This was then condensed and collected via & water cooled catch-pot as is
detailed schematically in Figure 12

In this arrangement, nitrogen and methanol are fed to a stirred reactor 3 in lines 1 and 2
respectively in which monomethyl succinate is formed. The product stream is removed in
fine 4 where it is trace heated, the stream is then cooled in condenser 5 such that energy is
removed. i is then added o the water cooled catchpot €

A small gas flow through the system was confrolied at a needle/metering valve and bubbler
combination 7 after the catch-pot 6 whilst maintaining the reactor pressure ai 200 psig. The
stream may be cooled against water in condenser 8. Samples from the autoclave itself and
of the overheads collected were taken al periodic time intervals and subsequently analysed
for water {coulometric Karl-Fisher) and by GC. Autoclave samples were analysed after
Regisil treatment on a 50 m DB-1 column, and overheads directly analysed for methanol and
dimethyl ether on & 60 m DB-1 column. Masses of all samples and reactor conients were
noted to ailow mass balances {0 be calculated.

A reaction temperature of 190°C and a fsed rate of 2 mols methanol per mole of
monomethyl succinate per hour was chosen; 3 mols of monomethy! succinate was charged
to the autoclave requiring a methano! flow rate of 4.05 mb min™ for the run. A second run
was performad at double this flow rate. When the system was at temperature, methanol flow
commenced for 120 minute, with periodic sampling throughout the min. The feed
composition and conditions used for each test, Runs 1 & 2 are given in Tables § & 8
respectively, while the rasults are given in Tables 8, 7, 9 and 10.
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Table
Faed composition and tes
at & mol Methano! per hour per mol succinie acid

a

5§
t\

anditions for Run 1

PCT/GB2014/053588

Expariment IQ

Run 1

| Experiment Desoription

2 mol Methanol i per moi suceinic acid charged at 18050

Autoclave Chargs (1L Parr}

Component Mass, g RMM /g mal” Mol Maof Fraction
Menomethyl succinate (Crude) 386.0 132 3.6 1.00
Theorsticsl Yield {of Dimethy! Succinate) 43B.0
Cruds Monomathyl succinate Analyeis
Componant Mase RMM / g mof™ Bnis Mol Fraotion
Methanol 0.8 32 0.627 {1
Dimathyl succinate 82.5 148 0.428 .14
Maonomethyl succinate 2864.3 132 2154 0.7
Suecinic acid 47 4 118 3.402 0.13
Water 0.8 18 0.048 g.02
Total 386.0 2.080
Mathano! Flow
Target, molar 2.0 mol hr-1 mof™ 8.0 mof methanol i
{Monomethyl
suseinate)
Flow 402.0 g b
Density {msthanal} 0.78 gmi”
Targsl Flow Rate 4.058 i rire
2F
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Table §

Rosidts of Run 4

PCT/GB2014/053588

Experimant iD Run 4
Time, min 0 11 32 32 42 52 &1
Mass Discharged
{autoclavel, g 14.58 8.3 10.4 §2 948 13.8 13.0
Methanat Flow Rate 7 mi min™ 4.05 4,05 4,10 4.08 4.88 4,08 4.5
Reaction Temperature, °C 180 188 188 188 187 188 187
[ystam Pressurs, psig 168 158 188 185 164 163 167
Autoclave Cornponents i
Methane! / 3C, wi% 1.087 3.341 6.881 11123 | 12885 1 12315 | 11.046
Dimathylsuccinate/GO with 20214 1 31488 | 41273 | 40738 | 80882 | 54770 | 88.832
Monomisthylsuscinate/G0 widh AR 730 | 44.418 | 37.632 | 31400 1 2TA08 | 23714 | 23.848
Sugcintc acid / GG, wi% 18,440 ¢ 15478 | 8813 53.918 4,182 2.745 | 2.416
Watar /F KFT, wt% 1.980 2.788 4,081 4.388 4.818 ATT3 | 3208
Sum of Knowns, % 484 89.2 885 29.8 93.8 36.3 89.3
Convarsion {o Dimethyl 78 K 43.5 52.6 58.8 658 87.8
succinate {C, Basis), %
Overheads Collected, g 0.0 .0 8.1 13.4 30.8 43.8 T4
Overheads analysis
Methanol / GC, wi% 80.938 | 79238 | 86252 | 88608
| Uimathylsuscinate / GG, wi% 2813 4.100
ﬁonometﬁyis;ﬁc:iﬁate! GC, wt% {.381 §,332
Sucainic agid / GO, wi% 0,131 0.113
Water / KFT, wi% 12.021 | 13303 | 13708 | 11.304
Methanal / GC, wil%
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Table 7

Results of Run 1 continued

PCT/GB2014/053588

Sxperimeant 1D

Run 1 (cont'd)

Time, min 73 81 81 161 114 121 Final
Mass Discharged 11.4 137 18,7 8.5 12.8 731.8
(putcclave), g 18.8

Methano! Fiow Rate, mi min” 418 4.08 4,08 4.08 4,85 408

Reaction Temperature, °C 188 188 188 188 188 120

Svsiem Prossurs, psig 18% 167 168 167 188 1614

Audociave Components i

Methanal / GC, wi% 11349 | 135860 | 12.833 | 12.814 ¢ 12851 13812 | 13.580
Uimethylsusoinate { GO, with §3.178 | Q4,074 | 681G | 005688 | TLI06 ¢ F2.303 | 4074
Monomehylsuscinata/GC wit 20837 | 18.308 | 17.281 | 15.056 | 13.045 : 121306 | 1R.388
Suceinic acid / GO, wi% 1.878 1.808 1.275 Q.087 0.758 (.8358 1.506
Watar / KT, wi%% 2.511 1.841 1.880 1.073 0.930 0.822 1.841
Sum of Knowns, % 885 38.5 88.3 88.5 89.4 83.3 08.5
Conversian o Dimethyisuccinste 716 743 782 78.8 §1.3 83.7 882
{Cy Basis), %

Quarheads Collected, g 40.4 30.2 35.2 3588 37.8 388 2.8
Qverhsads analysis 3.4 ] 38 38 37

Methano! / GC, wi% 88.838 | 90.803 | 92240 04850 | 951399 | DA77 | 67165
Oimethyisuccinate ! GC, wi% '
Mononsthyissodinate/OC wite

Sucecinic acid f GG, witd

Water / KFT, wi% 11.162 ©.187 7.780 &, 141 4.601 3213 | 2835

Mathano!l / GO, w %
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Fead composition amnd test condiions for Run &
at 4 mod Methano! per howr per mof succinie acld

Table 8

PCT/GB2014/053588

Experiment i

Run

Expariment Description

4 mal Methano! b per mol Succinic acid charged at 180°C

Atdoctave Charge (1 L Parr)

Conponent Mass/ g FM £ g miol™ Mods Mol Fraction
Monomethyisuecinate {Grude) 386.4 132 3.0 1.00
Theoretical Yield {of DMS) 438.0

Grude Monomathydsuccinate

Analysis

Compaonsnt Mass RM f g mnl™ Rols pMal Fraciion
Meathanal 0.8 32 0.027 Q.01
Dimethyisuccinate §2.5 148 (3.428 0.14
Monomethyd suceinate 284.3 1332 2184 .70
Sucainic acid 47.4 118 0.402 .13
Waler 0.8 18 0.348 .02
Toial 396.0 3.080

Methano! Flow

Target {maolar) 4.0 mal b mol” (MMS) 12.0 mol MeOH ™
Flow 384.0 gh’

Density {Methanol) .79 gmi’

Targel Flow Raie 810 mi min™
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Table 9

Resulis of Run 2

! Exparimant iR Run 2

Time, min 0 18 28 35 IO
Mass Discharged 14.8 Q.7 87 0.0 8.8 F.0
{auiociave),
Mathanol Flow Rate, mi min” &10 §.40 §.10 8.10 8190 8.10
Reaction Temperature, °C 188 184 183 186 187 187
Systarmn Pressure, psig 188 170 164 184 183
Agtociave Componenis

fethanot [ GG, wi% 1.087 12.083 12.823 11.528 12.683 12.708
Rimstidsuccinats ! GC, wite 28214 42,384 44,037 48,881 53.930 52,0585
Monemathyt suncinate / 0, wilh 4R.730 34,006 32,1498 2T.8580 25.688 22.081
Suecinic ackd / GO, wi% 18.440 8,158 8372 3860 2.948 2.208
Water / KFT, wi% 1,880 3.884 4 187 3524 2.987 2127
Sum of Knowns, % 88.4 as.a 8.8 98.7 883 882
Convearsion {o Mmeathylsucoinale 27.8 £8.4 §1.0 a8 4 827 AR5
{Cq Basis), %
Overheads Collected, g 0.0 111 331 86.4 774 88.8
Querheads, analysis
Methanat 7/ GG, wi% 77.748 86.517 88.282 91.803 82.810
Uimethyisuccinate [ GC, wi% 5811 5811 &.500 &.800 10.882
Monomathyl succinaie / GG, with £0.431 $.431 $.431 0.431 0.478
Succinto acid / GO, wi¥% 3.104 8,114
Watar / KFT, wi% 22.258 13.483 10.708 8.087 7.180
Sum of Knowns 8.0 108.0 1061 106.9 108.9 111.5
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Results of Run 2 continued

Table 10

Exparimant 1D

Run 2 {cant'd}

Time, min 73 80 108 Final

| Mass diacharged 113 Q.0
{autociave)}, g 8.0 318.3
Mathano! Flow Nats, mi min™ §.10 8.10 810
Reaction Temperatura, °C 187 187 187
System Pressure, paig 188 184 182
Autoctave Componantis
Muthanot / GO, wid 13.847 12.668 4 233 13.412
Dimethyisucainsie / GG, wi% 64.972 §8.887 F0.813 75011
Monomethyd succinaie / GO, with 17881 14.889 12.280 8.788
Succinic acid / GC, wi% 1.434 1.836 0877 0.322
Water / KFT, wit% 1.285 (3.785 0.537 {8,528
Sum of Knowns, % 80.40 88.1 88.2 98,1
Conversion o Uimathylsuncinaie 83 787 BR.2 87.¢
{C4 Basiz), %
Overheads Collectad, g 3.8 136.8 103.8 18.6
Qverheads, analysis
Methanol / GO, wi% 85608 | 97.724 | 98165 | 90856
Dmathylsuceinate f G, wit 11.800 12.3%¢ 13.388 16,000
Monomeiing succinate ! GO, wi% 0.478 0.471 0.471 0.471%
Suceinic acld / GC, wi% 4.142
Water / KFT, wi% 4,382 2278 1.815 9.344
Sum of Knowns 112.0 113.0 113.8 144.8
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Example 3

This example demonstrates semi-continuous conversion of mono-methyl succinate and
succinic acid fo di-methyl succinate with a low acid product taken overhead.

To prepare feed for the test an autoclave was charged with 3000 g bio-succinic acid and
2440 g methanol and heated to 120°C under an inert atmosphsre. Once at temperature the
vessel was pressurised io 8 - 9 bar{g) and the contenis held for 30 minutes prior to
discharge. This was fo prevent pver conversion o dimethyl succinate. The resuiting

composition was found to be: (wt%)

Methanol - 29.2%
Monomethyl succinate - 44.88%
Waler - 1.87%
Dimethyl succinate - 17.83%
Succinic acid - §.43%

The distillation was performed using a 1" diamefer glass column containing nine pieces of
Sulzer type EX structured packing, operated in continucus mode. A Liebig condenser was
used on the iop of the column to coolcondense the overheads. Heating taps was also
applied to the column walls allowing then to be held at temperature to assist in eniraining the
Dimethyl succinate overhead and prevent it being boxed up in the reactor andfor in the

column,

The rebelier was an insulated 2 litre round-bottomed flask, heated using an isomantle, which
would also provide the reaction volume. The temperature of the isomantle was controlied
using a Watlow burst fire module with a & type thermocouple altached to the skin of the
vessel, A further k type thermocouple was located inside the rebailer {0 determine the actual
process temperature.

The column temperature was controlied at 210°C. The flask was charged with 870 g of the
above feed and heated to 230°C. Once at lemperature the feed was introduced vig a
constamedtric pump and sampled every hour attempting to maintain 100% mass balance by
varying the feed rate (rate maintained between 0.8 - 1.2 mls/min).

Analysis of the chemical composition of the flask was camied out by gas chromatography
{GC) using N,O-Bis trimethyisilylacetamide (Regisil) to allow the resolution of acidic species
to be achieved. The level of methanol, dimethyl succinate, monomethyt succinate, and

succinic acid weare determined (Si8 column 50 m x 0.32 mm}). Fliask samples wers also
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analysed for acid content by means of a base titration with 0.1N KOH using methanolic

phenoiphthalein indicator solution. Water analysis was performed on HP08 which as was

fitted with a thermal conductivity detector (TCD).

Overheads were anaiysed for water (HP08) and dimsthyl succinate/methanol AS08 (30 m x

0.32 mm DBE-FFAR column),

Overhead samples were also analysed for acld conient by

means of a base titration with 0.1N KOH using methanclic phenolphthaleln indicator solution,

The separation of dimethyl succinate from the heavier boiling acid species of monomethy!

succinate and succinic acid was successfiul. Acid levels throughout remained low (<0.2 wi%

as monomethyl succinate) in the cverheads with a dimethyl succinate concentration of >80

Wi observed as shown in Tables 11 and 12.

“Howrs an fine Q.00 1 478 1.80 1.25 150 (475 1200 2w ) 5.25
I"'E'emperamres

Skin 0w 280 12603 | 2802 | 2708 | 28131 2807 [ 2Rz (2805 | am0 i EMRET
Pot R 3322 12311 | 2306 2317 1 2324 | 2337 [ 231G 4289 [ EA1E 1 3Ys
Calumn e 218 2148 | 218 P A127 1 28 | M8 [ 128 | 124 2108 v
Haaler

Overhaads G 115 170 173 153 151 187 1863 170 170 44
Ratas

Famd - sot wmiymin | 4850 | 850 Q.70 170 GTFD OLQT0 R0 Q70 Q7D a7
Faad - antual | mbimin 1 080 | D82 Q.78 .74 .74 QT4 Q74 0.78 | 478 0.889
Ovarhaad Q 1R85 12338 e 481 11804 | 14.87 | 34.78 | 4368 | 25.484
sampla

wesigiit

Qvarheads

Anatysis

Methano! with 11.88 GR.22 ¢ 2830 2810 | 21.38 | 740 | 33.54 | 3642
Dimathyd W% TRIT 2824 | 8002 I D02 | TH.23 | SR8 [ 8112 1 hEgs
sucoinate

Watar wita 8,83 883 3.54 4.87 4.87 338 4,15 5.34 7.2
Acid wlve .17 4,147 Q.16 Q12 e Q.18 .18 213 {12
Pot Analvsis _

Hlathana with 3.00 .18 0.00

{Hiviathyt Wit 3708 4824 3138
suecinata

Monamathyl | wi™% $1.83 4847 SRR
succingie

Sucainio aoid | with 4.84 2.80 7.38

Water wite Q.00 (LGO 0,00

{Others wit 1583 20.48 8,58
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Hours an line 7.10 7.3 1708 g.ig .40 8.83 10.05 1143 | 1185
Temperaturas

Sk i ITRY | AFEE | 4805 27486 12638 274G 280 278,86 1 280
Fot S QAL 2338 | 234 2382 | 2304 LRI 235.8 238 238
Column (& 2120 12124 |22 2338 | 233 218 8.8 20581 | 2144
Haateyr

Querhaalds ™ 85 S0 178 162 142 88 184 177 180
Rates

0.7 Q.7 a7 1 1 6.7 0.7 0.7

Feed - sol mfmin | Q.7

Foad - actual | alfmine | Q7637 | 07637 | Q7858 [ OB 1.284 1.484 0.793 0.78% L 47
Cverhsad g Q8118 | 10.6836 | 41.28 1035 | 38875 | 17.0005 | 17.3478 1 4203 1233
sample

weight

Qverhesds

Anaiysis

Viethano! with 84.87 | 9094 | 275 10.87 | 1877 41.07 31.83 2087 | 2108
Qimathyl wity 10.01 | 1L.41 €4.08 8483 | 7413 48,08 48.55 72331 | T4
Succinate

Vater Wi 8.02 872 13,18 3.81 8,10

nw

18.51 8.71 8.88

n

=
(=
4

Acid wit% 0.38 0.24 0.14 D18 [ 048 (.24 Q18 | 848

Fol Analysis

Nstharol Wt ] 6.00 418 5.2 ooa ] 660

Dimethyt with 31.08 28.81 2.68 24 .41 18.23
Suscinaie

Monomelhyt 1 wi 48.91% 50.40 53.98 48,11

51
E
o3
£3

sucoinala 1
Suncinic acld | wi% 8.23 TA8 8.81 12.54 17.52

Water witth 0.0¢ .00 0.00 0.00 000

Othars wi%h 11.77 13.56 14.84 8.37
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Example 4
This example demonstirates an sxiended test replicating the resulls of Example 3 {0 achisve

near sieady stale conditions.

The feed was prepared as detailed in Example 3. The resulting composition was found to
be: (wit%)

Methanol - 15.42%
Monomethyt succinate - 24.69%
Water - 14.02%
Dimethy! succinate - 40.78%
Succinic acid - 3.54%

A 1 lifre round-boltomed flask (RBF) was charged with 820.8 g of the above feed. The
reaction was performed as in Example 3, except that the 1" wide distiliation column now
cortained fwelve pieces of Sulzer packing {o aid separation and the column had two heated
zones enabling the temperature of toth the top and botlom areas of the column to be
controfled. The reaction was sampled periodically as described in Example 3.

Dimethy! succinate levels in the overheads were relatively steady throughout the test and
acid (as monomethy! succinate) in the overheads was low (<0.1 wit%). An increase in the
column heater temperature at the end of the fest, leading fo flooding of the colunin
demonstrates how overheating and reduced separation efficiency will lead to increased acid
carryever into the overheads. Figures 14, 15 and 16 show the overheads composition, fiash
composition and key temperatures over the duration of the test.

Example §

This example demonstrales furthaer distiltation of the overheads from Example 4 to separate
dimethyl succinate from methanol and water.

The overheads collected during Example 4 were butked togsether and 1471.4 g were charged
to a 2 L round botiom flask and distilled batch wise using the column set-up described in
Example 3. OQOverhead samples and pot samples were taken every hour and the samples
were analysed on GC AS08 for mathanol and dimethyl succinate concentration and water
analysis (Karl Fischer volumefric titration). Some samples were also analysed for acid
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content by means of a base titration with 01N KOH using methanolic phenoiphthalein
indicator solution.

Figure 17, 18 and 19 show the overheads composition, pot composition and temperatures
respectively over the course of the test. Note in Figure 17 how water is not completely
separable from dimethy! succinale by simple distillation, due to the existence of a low boiling
azeotrope.
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CLARS

A process for the production of dizlkyl succinate from a feedstock comprising

succinic acid produced by fermentalion processes comprising the steps of:

{(a) feeding succinic acid produced by fermentation processes (0 a point at or near
the bottom of a reaction distillation zone column operated at termnperatures and
pressuras to enable esterification of the succinic acid and passing said stream
co-currently with upflowing alkanol such that said esterification reaction ocours;

(b) removing an overhead vapour stream from at or near the top of the reaction
distillation zone column comprising di-ester, alkanoi, water of esterification and
organic compansnts and passing said stream to an alkanol separation column
where the alkanol is separated from the water of esterification and from the
organic components;

{c) removing a side draw from the alkancl separation column from a point below the
feed point thereto, said side draw comprising partially immiscibie organic and
agueous phases;

(d) passing said side draw to phase separation apparatus where the partially
immiscible organic and aqueaus phases are separated;

{e) passing said organic phase {0 a column where the diaikyl succinate is separated
fromn residuat water and other organic components; and

(N recavering the dialkyl sucecinate.

A process according {o Claim 1 wherein the succinic acid produced by fermentation
processes is added to a pre-reactor prior to being suppiied to the reaction distillation

zone column.

A process according to Claim 2 wherein the pre-reactor is a continuous stirrad tank

reactor.

A process according to Claim 2 or 3 wherein a product from the pre-reactor is passed
to a plug flow reaction vessel before being fed to the reaction distiltation zone

columan.

A process according to any ons of Claims 1 to 3 wherein the reaction distillation zone

column is operated at an overheads pressure of 1.3 hara to 10 bara.

A process according to any one of Glaims 1 to 5 wherein reaction distillation zone

column operates at a temperature of 80°C to 300°C,
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10.

11,

12.

13.

14,

15.

16,

17,

18,

A process ascording to any one of Claims 1 to 6 wherain the reaction in the reaction
distiflation zone column is carried out i the absence of a catalyst such that it is auto-

catalysed.

A process according to any one of Claims 1 to 6 wherein the reaction in the reaction

distillation zong column is carried out in the presence of a catalyst.

A process according to Claim 8 wherein the catalyst is located in the upper stages of

the reaction distillation zone column.

A process according to any one of Claims 1 to 9 wherein the stream removed from at
or ngar the top of the reaction distillation zone coiumn is passed through a condenser

hefore being passed to the alkanol separation column.

A process according {o any one of Claims 1 to 10 wherein the stream removed from
the reaction distillation zone column is supplied to a central region of the alkanol

separation column,

A process accerding to any one of Claims 1 to 11 wherein the alkanol separated in
the alkanol separation column is recycled to the reaction distillation zone column

and/or {o the pre-reactor where present.

A process according to any one of Claims 1 to 12 wherein the desired di-ester is
remaved from the aikanol separation column as a side draw,

A process according to Claim 13 wherein the side draw is removed from $he alkanol

separation column at a paint below the feed point.

A process according fo any one of Claims 1 to 13 wherein the phase separation

apparatus is a decanter.

A process accarding to any one of Claims 1 to 16 wherein the aquecus phase from

the phase separation apparatus is returned to the alkanol separaticn column.

A process according ta Claim 16 wherein the returned aqueocus phase is returned to

a point below the side draw point.

A process according ta any one of Claims 1 to 17 wherein the organic phase from the

phase separation apparatus is passed to the reaction distillation column.
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18

20,

21

23.

24,

26,

27,

28

A process according to Claim 18 wherein the dialkyl succinate is removed from the

reaction distillation column as a side draw.

A process according to any one of Claims 1 to 17 wherein the organic phase from the

phase separation apparatus is passed to a dialkyl succinate separation column.

A process according to Claim 20 wherein the dialkyl succinate is removed from the

dialkyl succinate separation column as a bottom slream.

A process according to any one of Claims 20 or 21 wherein any water separated in
the dialkyl succinate separation column is recycled to the alkanol separation column.

A process according to any ene of Claims 20 to 22 wherein any butanol is removed
as a liguid draw from the dialkyl succinate separation column,

A process according to any one of Claims 20 to 23 wherein an overhead from the
dialkyl succinale separation column and passed to a second phase separation
apparatus.

A process according to Claim 24 wherein the second phase separatior: apparatus is
a decanter.

A process accarding to Claim 24 or 25 wherein the aqueous phase from the second

phase separation apparaius is returned to the alkanoi separation column.

A process according to any one of Claims 21 to 23 wherein the organic phase from
the second phase separation apparafus is passed to a dialkyl succinate/butanol

separation column,

A process according 1o any one of Claims 1 to 27 wherein a portion of the diester
produced in the reaction distillation column zone is removed as a liquid side draw.
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