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PROCESS FOR THE PREPARATION OF SUCCINIC ACID ESTER

The present invention relates (o a process for the production of 1,4-butanediol, optionally with its
co-products tefrahydrofuran andfor y-butyrolactone from a feedstock comprising succinic acid
produced by a fermentation based process

It is known to produce diols by reaction of dicarboxylic acids and/or anhydrides, or mono or di-
alkyl esters, lactones, and mixtures thereof with hydrogen. Commercially, where the desired
product is 1,4-buianediol, typically with the co-products tetrahydrofuran and y-butyrolactone, the
starting material is normally a diatkyl ester of maleic acid andfor anhydride, such as dimethyl

maleate or diethyl malsate, which may contain minor amounts of dialky! fumarate andfor diatkyt
succinate.

information relating to these processes can be found in, for example, US4584418, US4751334,
WOSB/03188, WOSB/00837, US47a7869, US4845173, UUS4919785, USE254758, USH3100564
and WO81/01880.

The dialkyl maleates which are used as feedstock in these conventional reaction processes may
be produced by any suitable means. The production of dialkyl maleates for use in such

processes is discussed in detail in US4584418, US4751334, WO88/00837, US4795824 and
WOe0/08127.

in one conventional process for the production of 1,4-butanediol and co-product tefrahydrofuran
with optional production of y-butyrolactone, a dialkyl ester, such as dimethyl maleate together
with any residual methanol from the esterification reactor, is fed to a vaporiser where it is
vaporised by a stream of hot cycle gas fed io 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,
whare the cycie gas includes recycled gases from downstream, condensables including product
ather, methanol, water, co-products and by-products may also be present.

The combined vaporous stream from the vaporiser is then passed to a reactor where it is reacted
in the presence of a catalyst to form 1 4-butanediol, tetrahydrofuran and/or y-butyrolactone. The
product stream is cooled and the reaction products are condensed and separated from the
excess cycle gas before being passed into a refining zone.  In the refining zons the various
products are separated and the 1.4-butanediol and the f{etrahydrofuran are removed. The y-
butyrolactone, together with the intermediate, dimethyl succinate, and some 1,4-butanediol may

be recycled. In one arrangement the y-butyrolacions may be at least partially extracted in an
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optional refining zone and recovered. The methano! water stream separated from the product

mix will be recycled upstream. In general, a significant portion of the 1 4-butanedicl produced

by this or ather conventional methods is subsequently converied to tetrahydrofuran.

The overall reaction which pccurs is a series of steps and includss a final dehydration step in
which the tetrahydrofuran is produced. A probable reaction path is sat out in Scheme 1.
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An alternative process is describad in WOSS/35113 in which malsic anhydride esters are fed
to a reaction process in which three different catalysts are used. First the maleate is
converied 1o the succinate in the presence of the first catalyst which is a helerogenecus
selective hydrogenation catalyst at a temperature of from 120°C to 170°C and a pressure of
3 to 40 bara. The succinate is then passed directly 1 the presence of the second calalyst
where i is converted mainly into y-butyrolactone. The product of the reaction with the
second catalyst s then fed directly to the presence of a third catalyst which is used to
dehydrate the y-butyrolactone fo produce tetrabydrofuran. Some of the y-butyrolactone
formed in the presence of the second catalyst is transferred to a second reaction loop
operating at a higher pressure whers it is converted to 1 4-butanediol.

As the first step in Scheme 1 and the first catalyst used in the alternative process described
in W088/35113 relates to the hydrogenation of the dimethyl maleate to dimethy! succinate, it
has been suggested that dimethyl succinate or diethyl succinate may be suitable starting

materials for the reaction with hydrogen to form 1,4-butansdiol, telrahydrofuran andfor y-
hutyrolacions.

One process in which dimethyt succinate is used in the production of tetrahydrofuran and 1-
4-butanediol is described in US4656287. In this process, methanol is added to the sster
fead to increase conversion and reduce fransesterification. Another example of a process in
which dimethyl succinate is suggested as a feed is WO92/35138 in which reaction with

hydrogen occurs over two different catalysts, to form a mixture of tetrahydrofuran and y-
butyrolactons.

Malsic anhydride is commuonly produced commercially from benzene or n-butane, both of
which are ultimately derived from crude oil. it is therefore desirable to look for alternative
starling materials which are not derived from oil in an attempt o improve the environmental
impact and potentially improve the economics.

Recently, there have been significant advancements in processes o produce and racover
succinic acid from the fermentation of sugars. Examples of processes can be found in, for
gxample, USE858744, USE285180 and LIS8246792. Currently demonsiration plants have
been constructed. 1t is aniicipated that in due course such processes may be able to
compets with maleic anhydride as an economic feedstock for the production of 14-
butanediol.

Where succinic acid is used as the feadstock, it will generally first be esterified to produce
dialky] succinate. While the processas and plant described in US4785824 and WOS0/08127
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may be used to produce dialkyl succinates from succinic acid, there are various
disgdvartages and drawbacks.

The processes describad in these prior art systems 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 to 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 residuss and by-
products. These impurities which may include sulphur, may be detrimental to the operation
of catalysts used in reactions which ulilise this bio-succinic acid.  This is particularly
problematic where the subsequent reactions ulilise a copper based catalyst.  Another
arrangement where the impurities are particulady detrimental is where the subsequent
reaction uses an acid resin catalyst such as an esferification. Whilst it may be possible to
address the problem by removal of these impurities by purification processes prior to contact
with catalyst in the subsequent reactions, the number of steps required {o produce succinic
acid of sufficient purity are substantial. The requirement for these purification steps

significantly increase both the capital and opsrating costs associated with the succinic acid
production plant.

it ts therefore desirable to provide a process for the production of dialkly succinate from bio-
succinic acld without the need for the complex and expensive purification steps.

JP1216958 describes a process for the esterification of succinic acid using 2 homogeneous
acid catalyst. In this process, an extremely dilute solution of the succinic acld in methanol is
supplied, with a homogensous catalyst to the upper region of a distillation column where itis
passed in counter-current to methano! added at the base of the column. Esterification
ocours within the columin and the dialkyl succinate is removed from the base of the column,
As a very dilute solution of the succinic acid is used, about 1 o 20 wt percent, a large
methanol recycle flow will be reguired and substantial costs will be incurred in separating the
methanol from the water of esterification produced in the reaction. Example 1 of JP
1216858 iHustrated the problems associated with the deactivation of a resin catalyst where
the succinic acid is bic-succinic acid.

The problems associated with using bio-succinic acid in an ssterification reaction in the
presence of a resin catalyst are also fHlustrated in Example 1 of "Reaction Kinetics for the
Heterogeneously Calalyred Esterification of Succinic Acid with Ethanof' Kolah A K ef af ind.
Eng. Chem. Res., 2008, 47(18) pp 5313-5317, “Pervaporation-assisted Esterification of
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Lactic and Succinic Acids with Downstrean Esler Recovery” Benedict ef al, J. Membrane
Sci., 2006, 281 pp 435-445, “Combined Technology of Calalvtic Eslerification and
Absorption of Sucoinic Acid' Ding B ef al The Chinese Journal of Process Engineering 2007-
01, US 5723638, and "Preparation of Diethyl Succinate by Ceatalylic Esterification and
Absorption Dehydration” Gang C et & China Surfactant Detergent & Cosmastics 2008-04.

Various processas have besn suggested for carrying out the esterification in a non-catalysed
system. However, these systems are likely {0 have 2 low conversion raie and will therefore
have a high acid content. Since many of the known processes for producing, for example,
1.4-butanediol use & 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. To address this, the acid would have fo be removed, which

would reguire a number of steps which would add to the capital and operating costs of the
process,

Using diatky! succinate may overcome the problems associated with the high heat released
on the conversion of the double bond and offer various other advantages such as obviating
the risks of fumarates being formed which is also a problem associated with using malelc
anhydride as a starting material. However, if the di-esterification of the succinic acid is not
complete, acidic species will stili be present In the reaction feed which can lzad to
deaclivation of the catalyst unless steps are taken to remove the acid. It is therefore
desirable 10 have a process which produces complete conversion to the di-ester and in
particular a di-ester which is & suitable feed to a hydrogenation reaction. High conversion

will require a large excess of dry atkanol. The recovery and recycle of this dry alkanai incurs
high capital and operating costs.

There are also problems associated with using succinic acid as the starting material.
Suecinic acid is a crystalline solid at ambient temperatures and has a melting point above
normal esterification lemperatures. In addition it has low solubility in water and methanol,
These limit the manner in which it can be used. This presents challenges in using succinic
acid as a stafing material in conventional esterification processes which are generally
taliored fo figuid feeds. Even  the succinic acid is provided in solution, this can be
problematic since generally it will be provided as an agueous solution which increases the
water {oad on the system and may retard the esterification reaction since the pressnce of

watar will generally move the eguilibrium of the reaction toward the acid rather the desired
astar.

A further prablem is that the volatility of the dialkyl succinate means that although the diester

is predominately removed from the base of the column in the counter-cumrent reaction,
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betwaen the acid and the alkanol, a portion will carry over from the fop of the reaction
column and will be lost thereby impacting on the aconomics of the process.

it is therefore desirable o provide a process which addresses at least some of the above-
identified problems starting with a bic-succinic acid. 1 is particularly desirable to provide a
process which addresses all of the abovs problems.

The problem may be addressed by carrying out an autocatalytic reaction in a reactor, which
will generally be a stirred tank reactor, before passing the partially esterified succinate to a
counter-current esterification reaction column and then carrying out separation and recycling
unreactad acid and monge-ester to the reaction column and purging the impurities,

Thus according to the present invention, there is provided a process for the production of
dialky! succinate from a bio-suceinic acid feedstock comprising the steps of:

(@) feading bio-succinic acid to a first reactor where it is contacted with alkanol, said
first reactor being operated at a suilable temperature and pressure to shable
autocatalytic esterification {0 osour,

(b} passing a stream removed from the first reactor comprising unreacied succinic
acid, mono alkyl ester, dialkyl ester, alkanol, water and any impurities to a peint
at or nesr the top of a reaction zone columm opsrated &l temperatures and
pressures {0 snable ssterification of the succinic acid and further esterification of
the mono alkyt ester, and passing said stream in counter-current reaction to
upflowing additional atkanol;

{c) removing a stream from at or near the bottom of the reaction zone column
comprising components selected from residual succinic acld, monoalkyl estsr,
dialkyl ester, impurities and alkanol and passing said stream (o a bottoms stream
separation zone where said di-alkyl ester is separated from alkanol, and from the
succinic acid, mono alkyl ester and impurities;

{d) recycling the succinic acid and mono alkyl ester to the reaction zons column;

() removing at least some of the impurities as a purge,; and

(f) removing @ stream comprising alkanol, water and organic components from at or
near the top of the reaction zone columnand passing said stream to a top stream
distillation zone where the alkanol is separated, from the water and from the
organic components and recycling the organic componsnts to the reaction zone
colume,

The feed to the first resctor will comprise blo-succinic acid which will include the impurities
which are present following the formation of the succinic acid by fermentation of biomass.

The specific impurities present will depend on the source of the biomass and the specific
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fermentation process employed. For example, they will depend on the organism and
operating conditions used, whether nutrients are added and i so which, and whether the
fermentation is aerobic or anaerohic. However, they will generally include one or more of
proteins, sugars, amino acids, succinamic acid, succinamides, ammanium, sulphur,
chiorides, phosphorous, organics and metal ions. Organics include other organic acids such
as acefic acid, pyruvic acid, fumaric acid, acrylic acid, malic acid andfor lactic acid. The
metal ons may be present in the biomass due {o nutrient or feed impurities. The present
invention enables the reaclion to be carried out without the reauirement fo separate out
these impurities before reaction commenceas.

In one arangement, the bio-succinic acid may be provided to the first reactor as a solid. In
another arrangement, it may be provided as a slurry or solution in water or an alkanol.

The present invention may be operated with bio-succinic acid feed comprising 50 wi% or
more succinic acid such as 60 wi% or 70 wi%. In one arrangement, the bio-succinic acid
may comprise 80 wi% or more succinic acid.

Where the bio-succinic acid is provided as a solid or a shurry or solution in alkanal, it may
include up o about 20 wi% waler. However, a lower water content is generally preferred.
The water content will vary with the crystallisation conditions and drying profile. In one
arrangsment, the typical water content will be in the region of about § wt% water. The
ramainder will generally be the impurities. VWhere the bio-succinic acid is in an aqueous
solution, it will be understood that the water content will be higher.

Tha bio-succinic acid feed may be co-fed with one or more of maleic acid, maleic anhydride
and mono-alkyl maleate. The bio-succinic acid may be additionally or alternatively co-fed
with a stream containing succinic acid, succinic acid esters, water and atkanol or mixtures of
these which are generated from other processes outside of the present invention such as
recycle streams from down-stream processes such as purification as well as upstream
processes such as succinic acid purification,

The first reactor may be a stired tank reaclor and is preferably a continuous stirred {ank
reactor.

Any suitable reaction conditions may be operated. in one arrangement the first reactor wiil
be operated at a temperature in the region of from about 120°C to about 140°C. This is
particularly advantageous when solid bio-succinic acid is used as it will enable the crystals of
succinic acid to be dissclved and to allow the esterification reaction to occur.  Suitable
temperatures include 120°C, 128°C, 130°C, 135°C and 140°C. The pressure within the first
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reactor may be in the region of from about & bara to about 10 bara. This is the optimumn
pressure (0 keep the alkanol in solition. Suitable pressures include 5 bara, € bara, 7 bara, 8
bara, @ bara and 10 bara. Where an elevated pressure is used, the first reactor will ba
operatad at a sufficiently high {emperature for the autocatalylic esterification reaction to
proceed relatively fast, gensrally in the order of 20 10 80 minutes, and the vaporisation of the
alkano! to be prevenied. in one arrangement, vaporisation may be undesirable as it may
adversely affect the reaction eguilibrium. However, in some arrangements, some
vaporisation may be allowed.

In one arrangement, the reaction time will be of the order of 40 to 50 minutes.

Any suitable ratio of alkkanol to succinic acid may be selected for the first reactor. In one
arrangement, the molar ratio selected will be of from about 1:1 to about 6:1 alkanol to
succinic acid. Molar ratios of about 221, 31 and 4.1 may also be used. ¥ wilt be understood
that increased alkanol will reduce reaction time. However, the presence of increasad alkanol
will increass the cost of alkanol recycie.

Heat may be generated in the autocalalytic reaction in the first reactor. A portion of this may
be used {0 overcome the heat of dissolution of the bic-succinic acid where the feed is a selid
or slurry. Any residual heat may be recovered and utiiised in the process or in upstream or
downstreant reactions. This may be by means of condensing vapourised alkanol or by

alternative means. In an alternative arrangement, heat may have to be supplied to overcome
the heat of dissolution.

The stream removed from the first reactor may be a soiution but may contain some residual
solids, in one arrangemsnt, the stream removed from the first reactor may be a sliurry.

The product stream from the first reactor comprising unveacted succinic acid, mono alkyl
ester, dialkyt ester, alkanol, water and impurities may optionally be passed via a subsequent
reaction vessel 10 increase the conversion of any mono-gster to the di-ester. Any suitable
subsequent reaction vessel may be used. In one arrangement, a plug flow reaction vessel

may be used. Any suifable reaction conditions may be used in this reactor which allows the
further esterification to ocour,

if the subsequent reaction vessel is used, the reaction stream is then passed (o the reaction
zone columi. Where a subsequent reaction vessel is not used, the reaction stream from the
first reactor is passed directly {0 the reaction zone column.
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The reaction stream, whather from the first reactor or from the subsequent reaction vessel
where present, may be passed directly to the reaction zone column of, in one arrangement,
it may be first treated for crude removal of the water, and optionally, excess alkanol.

The water removed from the product stream may include water from the feed and also water
of esterification. In one arrangsment, all water may be removed. However, generally # will
be sufficient to reduce the water content such that the feed to the reaction zone column has
a water content of less than 10 wil, particutarly about 5 to about 6 wi%.

Any suitable treatment means may be provided. In one arrangement, a flash/distillation
column may be used. A flash/distillation column will be particutarly useful if the big-succinic
acid is provided to the first reactor as an agqueous solution as this will allow the bulk of the
water added with the feed {0 be removed hefore the feed is fed to the reaction Zone column.

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

The reaction feed to the reaction zone column is added at or near the top of the reaction
zone column. H then passes downwardly through the reaction 2one column where i
contacts upflowing atkanol. As the reaction feed flows downwardly through the reaction
zong column it meets progressively drier alkanol which drives the reaction equilibrium
towards the desired dialkyl succinate. The additional alkanol is fed at or near to the bottom
of the reaction zone column.

The reaction zong column may be operated at any suitable reaction conditions {o assist the
furtherance of the reaction. An overheads pressure of about 1.3 bara to about 10 bara.
Pressures of 5 bara, 6 bara, 7 bara, 8 bara, 9 bara and 10 bara may be used. A pressure of
about 7 bara may offer ceriain advantages particularly where the alkanol is methanol. The
pressure is selected to allow sufficient alkanol concentration fo be retained in the liguid
phase at the required reaction temperature,

Any suitable reaction temperature may be used. In one arrangement the reaction zone
column may operate at a {emperature of about 100°C 1o about 300°C.  Particular
advantages may be noted where a temperature of about 120°C to about 200°C is used. A
temperature of about 150°C may be particularly advantageous. The temperature in the
column sump may be about 180°C 1o about 25CG°C while the {emperature in the overheads of
the colimn may be abowt 80°C to about 180°C.
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The overall ratio of alkanol to succinic acid, including that used in the first reactor will be in
the region of about 311 to about 10:1. It will be undersiood that this is above the
stoichiomaetric ratio for the esterification of 2:1.

Any suitable configuration of reaction zone column may be used. in one arrangement, a
divided wail column may be used. In this arrangement, the fesd from the first reactor and

the recycle stream from the bottoms separation zone will be fed to opposite sides of the wall.

The reaction in the reaction zone column may he carried out in the absence of a catalyst
such that it is auto-catalysed. In an alternative arrangement, a catalyst may be used. Inone
arrangement, the catalyst may be located in the sump of the reaction zone column. In an

alternative arrangement, the catalyst may be located in the upper stages of the reaction
zong column.

in one arrangement, an alkanol wash may be applied at or near the top of the reaction zone
column, This will assist in reducing di-esler losses in the overhead stream removed from the
reaction zone column. Whare the bio-succine acid feed is fed in combination with maleic
acid or maleic anhydride, a wash of mono-alkyl maleate may be applied at or near the {op of

the reaction zone column. This will be beneficial in terms of reducing any di-alkyl succinate
carryover in the overheads.

The stream removed from at or near the bottem of the reaction zone column is passed to a
bottomns stream separation zone. This stream comprises the desired di-alkyl succinate and
compeonents selected from residual succinic acid, mono-ester, heavy impurities and alkanol,
in one arrangement this stream may cormprise about 2 to about 10 wi% residual succinic
acid and/or about 20 {o about 3¢ wi.% mono-aster.

As the diatkyl succinate is not removed directly from the reaction zone column, as is the
case in conventional esterification flowsheetfs, very high purity alkanol is not required to
achigve high purity di-alky succinate.

The hottoms stream separation zone may be of any suilable configuration. In one
arrangemant, separation of the dialkyl succinate may be achieved by hydrogen stripping. In
one arrangemernt, the hydrogen stripping may occur at about 60 bara.

in an alternative arrangemeni, the boitoms stream separation 2one may be a bottoms
stream distillation zone which may be operated at an overhead pressure of from about 0.1
bara o about 1 bara. This mild vacuum moderates the temperatures required o allow the
separation to occur. The diatkyl succinate is fractionated from the succinic acid, mono-ester

and fead impurities and is removed from the column. In one arrangement, the diatkyl
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succinate is ramoved as a liquid draw, The liguid draw will generally be removed as a side
draw from a point above the feed point to the bottoms siream distillation zone.

The bottoms stream separation zone may be a bolloms stream distillation column,  Any
suitable arrangement may be used. In one arangement, a divided wall column may offer
some advantages. in particular, it may prevent water gefting into the di-alkyl succinate draw.
The presence of waler is disadvantageous as it can inhibit downstream hydrogenation
calalysis.

Alkanol and other light components will be removed as an overhead stream. The recovered
alkanol is preferably recycled to one or both of the first reactor and the reaction zone

column. In ona arrangement, a purge may be taken. This purge may remove light impuritiss
and/or sulphur.

Any residual succinic acid and any mono-ester present will be concentrated in the botioms.
fmpurifies will also be present and may be purged. After the purge, the remainder of the
column bottoms are preferably recycled o the reaction zone column. They are preferably

added to the reaction zone column at a point below the point at which the Teed from the first
reacior is added.

The temperature of the recycled stream i3 preferably suech that i assists to maintain

sufficiently high temperatures on the reaction stages such that the need for side heaters may
be obviated.

The overhead from the reaction zone column comprising alkanol, water and organic
components, is passed fo a fop siream distillation zone which may be a top stream
distifiation column, In one amrangsment, the stream may be passed through a condenses, or
part condenser, bafore being passad o the iop stream distillation column. This enables
useful heat to be recovered and will reduce the cooling water foad on the top stream
distilation column,

Since the raaction zZone column boltems stream is only part converted some slippage of
water into the alkanol recycle may be permitted. This will rediuce the heat duty and number
of stages required in the top stream distillation column.

in one arrangement, two or more alkanol draws may be taken. These will generally be of
different purities. These may be recycled {0 appropriate places in the reaction system.
Conventionally, these atkano! draws will be liquid draws particularly where the alianol is
methanol. The liquid stream will generally be required {o be pumped {o the point at which i
will be used. In one arangemeant, st least one of the atkano! draws may be removed a5 a
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vapour draw. Generally the vapour draw will be compressed before being pumped to the
point at which it will be used. By this means, the condenser duty on the {op stream
distiilation column can be reduced, Where the vapour draw is returned {o the resction zone

column, having & as a vapour draw will reduce the vaporisation duty for the reboiler of the
reaction zone column.

The fop stream distillation zone, which may be a column, may be aperated under any
stitable conditions. in one arrangemert, it may be operated at an overhead pressure of
about 1.3 bara {0 about 2 bara.

An alkanol stream will generally be recovered from at or near the top of the top stream
distillation column. A purge may optionally be {aken to remove light impurities.

A fiquid side draw may be taken from the top stream distillation column. The side draw will
remove any dialkyl succinate carried over from the reaction zone column. The side draw will
also contain water. The side draw may he passed to a separator in which partially

immiscible organic and aqueocus phases are separated. In one arrangement, the separator
is a decanter.

The agueous phase will generally be returned 1o the top stream distillation column. i one
arrangement, it is returned fo the column at a point below the draw point for the liquid side
draw. In one arrangsment, the return point will be close {o, but below, the draw point. With
this arrangement, the water/diatkyl succinate azeotrope can be overcome and di-ester
shippage into the agueocus columns boltom is minimised. The organic phase from the
separator is recycled to the reaction zone column.

In one arrangemert, the feed to the separator may be cooled. This will improve the phase
separation. As the cooling duty is small, in one alternative arrangement, a cooling means,
such as a cooling coil, may be localed in the decanter.

An interchanger may be used with the returnad agueous phase 1o recover heat.

The esterification in the reaction zone column and one or both of the distilation zones will
generally be performed in separate columns.

in one alternative, the reaction zoneg column and one or both of the distillation zones may be
combined in a single columin. In this lalter arrangement, the unreacted acid and mono-ester
are largely retained in the reaction zone column by the column refiux with only the more
volatite ester leaving overhead. A benefit of placing the reaction snd separation zones in a
singte column has the benefit of keeping the recycles within the column.
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Certain advantages may be noted where the reaction zone column and the separation zanss
are located in separate columns since the column overhead pressures can ba tallored to the
spacific requirements of the respective column.

Any suitable alkanol may be used. Generally a C; to Gy alkanol may be used with methanol
or ethano! being preferred and with methanol being particularly preferred.

Where the process of the present invention is linked with a process for the production of 1,4~
butanediol, the top stream distiltation zone, which may be a top stream distiltation column, of
the present invention may alse be used to process recycle streams containing water and
alkanol from the butanediol distillation frain.  Butanol, which is a by-product of the
hydrogenolysis reaction and which will be contained in this stream, may be purged from the
top stream distillation column as a side draw. [n one arrangement, the butanol purge may

be fed {o a decanter to separate owl any water and alkanol so that they may be returned to
the distillation zone.

As the process of the present invention can wiilise succinic acid of a lower purity than is
cenventionally used, such as bio-succinic acid, there are significant savings in the number of
purification steps required to be performed on the product of the fermentation process. Thus
the costs will be substantially reduced and the succinic esterification plant will be able to

supply feed to the butanediol plant at a competitive price in comparison to the conventional
maleic anhydride.

in ong arrangement, a 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 downstream reactions. in particular, it will be paricularly useful in removing any
sulphur which may be present. This poilshing step will also act as a guard bed {o protect
downstream catalyst in the event of slippages in the operation of the present invention or in
the succinic acid process upstream. In one arrangement the exchange resin could be a
sacrificial system in which case it will generally be constructed for sase of replacement. In

an alternative arrangement, it will include a regeneration system with a weak base solution.

The condensing requirement for the alkano! may be reduced by using mechanical vapour re-
compression of any alkanol racycle siream such that i can be introduced directly info the
bottom of the reaction zone column,

Whilst the present invention has been described with reference o a purpose-built plant, it will
be undersiood that conventional plants, such as, for example, those built 1o operate the
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processes described in US 4785824 and WO 90/08127, may be adapted to use the present
invantion.

The dialkl succinate produced in the present invention may be ussd in the production of 1 4-
butanediol, tetrahydrofuran and/or y-butyrolactons.  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
purity than the acid fed to the present invention.

The present invention will now be described by way of example with reference to the
accompanying drawings in which:

Figure 1 is a schematic illustration of a flow shaet according to the present
invention,

Figure 2 is a schematic illustration of a modified flow sheet of the present
invention;

Figure 3 is a grapi giving the resuits of Background Example 1;

Figure 4 is @ graph giving the results of Background Example 2;

Figure & is a graph giving the resuits of Background Exampile 3;

Figure 6 is & graph giving the results of Example §;

Figure 7 is a schematic representation of the apparatus used in Example 7,
and

Figure 8 is & graph fiving the resulls of the Exampie 7 (run 1).

it will be undarstood by those skilled in the art that the drawings are diagrammatic and that
further Hems of equipment such as reflux drums, pumps, vacuum pumps, temperature
SENsSOrs, Pressure sensors, pressure relief valves, control valves, flow controliers, level
controfiars, holding tanks, storage tanks, and the like may be required in a commercial plant,
The provision of such ancllfary items of eguipment forms no par of the present invention and
is in accordance with conventional chemical engineering practics.

The invention will be discussed with reference 1o the methylation of succinic acid. Howesver,
it is squally applicable to the use of other alkanois,

14
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Ag notad in Figure 1, succinic acid crystais supplied in line 1 are introduced t0 a continuous
stirred tank reactor A operating at above atmaspheric pressure by maans of a fock hopper
system. Methanol is added in line 2. The succinic acid is simultaneously dissolved in and
reacted with the methanol. A product stream 3 from the continuous stirred tank reactor A
comprises a part converled mixture of dissolved succinic acid, mono-ester, di-esler,
methano! and water. This is optionally passed to a plug flow reaction vessel B where further
conversion from mono {o di-ester ocours.  In an allernative, arrangemernt, the bio-succinic

acid may be added as a slurry or solution. The solution may be a solution in methanoi or in
water.

As illustrated in Figure 2, the product stream from the continuous stirred tank reacior may
optionally be passed to distillation column M where the water may be separated from the
stream. The water will be removed in fine 18 and passed through condenser N. A portion
will be returned fo the column M as reflux. The remainder will be passed {o top stream

distillation zone E as discussed below. A reboiler P may be present at the base of the
cotumn M.

The pre-converted feed in line 3 whether fad directly from continuous stirred tank reactor A
or via optional plug flow reaction vessel B and/or distiflation column M is fed near to the top
of the reaction zone column C where it flows downwardly to react counter-currently with
upflowing methano! which is fed fo the base of the reaction zone column C in line 4. A
rebeiler H may be iocated at the base of the reaction zone column C. A methanol wash may
be applied to the reaction zone column C in line 5.

A stream comprising the reaction zone column botioms is removed in line 6 and passed to
the boitom stream separation column D A liguid draw @ comprising the dialkyl succinate is
removed from the boitom stream separation column D above the point at which ling 8§ is

introducted. The bottom stream separation column D may include a reboiler 1 and an
overhead condenser J.

Methanol and other light components are removed from the bottom siream separation
column £ as an overhead stream 10 and may be recycled to the continuous stirred tank
raactor A or the reaction zone column &, A lighls purge, not shown, may be removed.
Succinic acid and monc-ester are concenirated in the bottom of the column and removed in
fine 8. Impurities from the feed are purged in line 11. The rest of the column bottoms are

recycled in line 8 to the reaction zone column and introduced below the pre-converted feed
which is added in fine 3.

15
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The overheads from the reaction zone column C are passed in line 7 to the top stream
distiflation zone E. They may optionally first be passed through condenser G, Methanol is
removed in stream 12, A liguld side draw 13 is generally taken from the fop siream
distillation zone E. The side draw stream will include any di-ester carried over from the
reaction zone column C. The stream which also includes water is passed to decanter F in
which partially immiscible organic and aqueous phases are separated. The agueous phase
is returnad to the top stream distillation zone E in line 15 just below the draw point 13, Water
is removed from the column in line 16, The organics phasa is recycled to the reaction zone
column C in fine 14. A reboiler L and a condenser K may be praesent on the top stream
distillation cotumn E.

Where the top stream distillation zone is used o process recycle streams containing water
and methanol from a butanediol distillation {rain, butancl may be purged as a liquid draw in

tine 17. A decanter, not shown, may be usad {o separate butanol from methanol and water
which may be recycled,

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

Background Example 1 ~ Deactivation of Esterification Catalyst by Bio-suseinic Acid

A 1 litre autoclave was charged with Myriant bio-suceinic acid {500 g, 4.2 mol) and meathanol
(148 g, 4.7 mol, 1.1 sguivalent). The vessel was sealed, pressurised to 40 bar{g) under
nitrogen and heated to 200°C at which point the reaction mixdure was agitated by stirring at
300 rom. After 3 hours the vessel was cooled and the product discharged as a light-brown

slurry, This process was repeated until sufficient monomethy! succinate had been prepared
for further esterification testwork.

The iestwork was repealed fo abtain discrete samples of monomsthyl succinate derived
from crude and purs Myriant bio-succinic acid samples,

A 500 mi reaction vessel was charged with 300 g of the crude bio-mone-methyi succinale
and 30 g of DPT-2 resin (available from Johnson Matthey Davy Technologies Limited). The
vessel was then heated to give an approximate pot temperature of 115°C, with the flange
heated to a temperature of 120°C to reduce internal reflux. Methanol was then introduced
directly into the Hguor at 3 molar eguivalents per hour. The resulling vapour was removed
and condensed. Samples of the liguor were taken with time and analysed by titration against
0.1 M potassium hydroxide using phenolphthalein as the indicator and acetons as the

solvent. The reaction was conlinued uniil the monomethyl succinate concentration was <0.5
wi%.
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The experiment was repeated 10 give 4 runs, the results of which can be seen in Figure 3.
The results of the testwork suggest that there was deactivation of the resin with the crude
dyriant succinale.

Analysis of the deactivated resin by XRF indicated the presence of relatively large amounts
of e, however, this was not sean in the crude bis-monomsthyl succinate,

Background Example 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 results of which can be seen in Figure 4. The results
incicate that there is little deactivation of the resin with the purer material.

To confirm the efficacy of the experiments on the Myriant blo-succinic acid samples the
process described above was repeated, for a mono-ester feed derived from malsic
anhydride. To a 3-necked round-bottomed flask was added maleic anhydride (2 kg, 20.4
mol). The vessel was heated to 80°C with stirring, at which point methano! (784 g, 3 mol
gquivalent) was added drop-wise, maintaining an exotherm of less than 10°C. Once the

methano! addition was complete the vessel was crash cooled under running water and
discharged.

Background Example 3
Four repeal esterifications were performed using the monomethyl maleale synthesised

ahove according to the procedure described previously using the same sample of resin.
There was no evidence of deactivation as Hlusirated in Figure 5.

Example 1~ Distillation of bio-monomethy! succinate/dimsthyl succinate

A S00mi 3 necked round bottormed flask was charged a dimethyl succinate/monomethyl
succinate mixture synthesized using the mono ester preparation method described in
Background Example 1 with a 2.1 methanol to bio-succinic acid ratio. The vesssel was
placed under vacuum (<80 mmMg) and heated to a maximum temperature of 180°C over
time, The initial overheads fractions were liguid at room temperature (methano! and
dimethyl succinate}, however, over fime a white crystalline solid began to form on the
condenser {monomsthyl succinate). At this point the cooling waler was reduced and the
condensar was heated to 70°C. the combined overheads were collected as a colourless
fiquid which contained 37 wi% monomsthyl succinate by tifration. A black residue of
monomethy!l succinate remained in the vessal.
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Analysis by x-ray fliuorescence (XRF) of the liguid fesd and overhead product showed that
levels of metal and chioride impurities in monomethy! succinate derived by blo-succinic aeid

can be significantly reduced by simpla distilation. The results are set cut in Table 1.

Table 1
MetaifElement Feed Before Distiliation Overheads After
{ppm} Distillation {ppm)
Silicon 334 <120
Chromium 34 i 14
fron 41 18
Calcium 230 188
Phosphorous 479 488
“Chiaride 78 37
Example 2

A 10 litre flask was charged with 5000g (156.25 mol) of methanol with stirring.  3000g of bio-
succinic acid A (2542 mol), was slowly charged (o the flask. This was heated under reflux
at 70°C for 4 hours undil all the bio-succinic acid had dissolved. A further 2000g (16,88 mol)
of bic-succinic acid was added and stirred. The configuration was changed from refluxto a
standard continuous stirred tank reactor set up with the % inch glass column attached to
minimiae dimethyl succingle osses. This was heated fo 115°C and methanol was then
pumped in at 7 mLmin,

Reactor samples were faken at regular intervals for wi% acid (as monomethyl succinate)
untll equilibrium was reached. The equilibrium point was typically 8-12 wi% monomethyl
succinate by fitration. The crude dimethyl succinate was cooled and the conients
discharged. This process was repeated. Three batches (Nos. 1 -3) of crude dimethyl
succinate were produced for distillation.  The same procedure was repeated for § balches
{(Nos. 4 ~ 9) of bio-suceinic acid B and for 6 batches (Nos. 10 — 18) of bic-succinic acid C.

Distillation of each of the batches of crude dimethyi succinate was performed using a 1"
glass column operated in batech mode.

AGQ0g of the crude dimethyl succinate was charged o a flask and heated to 180°C to
remove the methanol and water, Once the lighls had been removed, the temperaturs was
increased to 200°C. A 21 reflux ratic was employed untl approximately 300 mbl of
overheads were obfained. The reflux was then turned off and the remaining material
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aliowed to distll over. Finally the temperature was increasad {o bring over any remaining
dimetiy succinate in the potl.

Mass balances were typically >88 wit% with approximately 80 wiSt of the material removed
overhead. The dimethyl succinate material that was distiiled had an acid content of 0.05
wi% (a3 monomethy! succinate). This process was repeated untll sl the crude dimethyl

succinate material had been purified by distillation.

The bio-dimethyl succinate material from each of the 15 distillations were analyssd for
sulphur and chioride. Minimal {pph) concentrations of chioride wers detscled in all balches.
The sulphur concentrations are detalled in Table 2. it can be seen that distillation of
dimethy! succingte from big-succinic acid samples A and B produced dimethyt succinate with
sulphur levels of less than 1 ppm, whilst the distiled dimethyl succinate from Big-succinic

acid £ has a substantially higher suiphur level.
Table 2

Esterification of bic-succinic samples A, B & € and
Batch Distillation of the resulting dimethyl succinate,

Sulphur level pom wi

Esterification Bio-succinic acld A | Bio-succinic acid 8 | Bio-succinic acid ©

{Batch 1) (Batch 14)
Succinic ackd crystals & 18 158
Crude dimethyl succinate 2 NA 89

Sulphur level ppm wt

Distiliation Bio-succinic acid A | Bio-succinic acid B | Bie-succinic acid C
{Baich 1) {Batch 5) {Batch 14)
Light fractions 1.8 1.8 370 o
Dirnethyl succinate 0.2 0.3 18
fractions
‘Residug NA 4.8 795

A hydrogenation reactor was charged with 250 mi of catalyst of 1.45 for catalyst DRD-

892/88-A and 1.35 for PG-85/1.

Technologies Lid

Both catalysts are available from JJohnson Matthey Davy
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Dimethyl maleate (85 wi%) produced from maleic anhydride and methanol was fed to the
reactor 10 provide an initial activity check prior to the big-succinic acid being infroduced. This
was o confirm catalyst performance.

Distiffed bio-dimethyl succinate made from bio-succinic acid samples A & B, with a low
sulphur concentration (ppb) was introduced. The feed composition was 85 wi% DMS and 15
wi% methanal. The reactor was operated at the following conditions:

Exit Temperature, °C - 190
Prassure, psi(g) - 888
LHSY, hr - 0.34
Ha: Ester (molar) - 3601

This process gave a dimethyl succinate conversion of 99.67 mol%, with selectivity to
tetrahydrofuran, butanol, y-bulyrolactone and butanediol of 3.91mol%, 0.97 mol%, 11.77
moi% and 83.24 mol% respectively.

The results indicate that the conversion was slightly higher on bio~dimethyl succinate feed
compared to dimethyl maleate feed (99.67 vs. 99.13 mol% respectively). The butanol
selectivity was marginally higher for the dimethyl succinate feed (0.97 vs. 0.87 moi%). The
upper limit for butanol selectivity is 2.0 mol%.

A second run was performed using the same hio-dimethyl succinate feedstock at an
increased LHSV o reduce conversion and assess selectivity. The feed rate was increased to
a LHBV of 0.5 hr-1. All other parameters remained consistent with the run described above.
The feed composition was 85 wt% dimsthylsuccinate and 15 wi% methanol. The reactor was
operated at the following conditions:

Exit Temperature, °C - 180
Pressure, psi{g) - 888
LHSY, hrt - 0.5
H2: Ester {molar) - 3501

Operation at these conditions resulted in a dimethy] succinate conversion of 87.78 mold,
with selectivity to tetrahydrofuran, butanol, y-butyrotactone and butanedicl of 3.33mol%, 0.65
mol%, 13.30 moi% and 82.48 mol% respectively. Resulfs from the dimethyl maleate activily
check and the two runs on bio-dimethyl succinate made from bio-succinic acid samples A &
B are given in Table 3.
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The resulls indicate that the activity dropped approximately 3% after the bio-dimethyl

succinaie fead was first introduced.

deactivation rate than a commercial dimethyl maleats test

Takle 3

Tne hio-dimethyl succinate Teed resulis in a slower

Regults of Yapour Phase Hydrogenation of

Distilled Dimathyisuccinate made from Bio-succinic Acld Samples A& B

Simathyl Dimsihyl sucginate
Run il Aotivity Check
succinate High LH3Y
Fead Dimeathyt bic-dimethy bio-dimethyl succinate
maleate succinate from bio- | from bio-succinic acid
succinicacid A& B [A&DB
Tims-on-Lineg, h 141 197 378
LHSY, i 0.342 0.338 (0.486
Pressure, psilg) 885 884 885
inlet Temp, "C 178.5 185.5 166.1
Exit Temp, °C 180.2 180.0 190.2
Hy Ester 344 354 350
Residence Time, s &.16 B8.289 4.35
Analysis, wt%
fdethanot 50.28 52.33 51.60
Tetrahydrofuran 1.48 1.47 1.23
Butanol .35 0.37 0.38
y-butyrolactons 570 5.30 5.90
Butanedio 38.30 38.25 38.28 B
Dimethyl succinate .68 (.26 1.71
Water 1.08 3.70 ¢.87
Unknowns G.10 0.08 318
Salectivity, mol%
Dimethyl succinate 89.13 98.87 97.78
Convearsion
Tatrahydrofuran 3.83 3.91 3.33
Selactivity
Butanol Selectivity | 0.873 0.87 0.65
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y-butyroiactone 12.43 1177 | 13.30 g
Selectivity 1
Bulahediol Selectivity | 81.64 83.24 ' 82.48 b

Exampie 3

Succinic ackd crystals with up to 180 ppm sulphur were made up to a dimethyl succinate
feed for hydrogenation using the procedure described ahove. The resulling dimethyl
succinate was also clear and colouriess, but its sulphur level was around 40 ppm, far in

axcess of the normal 1 ppm limit; this material rapidly deactivated the hydrogenation catalyst
whean infroduced as fead,

Following a second activity check of the hydrogenation catalyst with dimethyl maleate feed,
another bio-dimethyl succinate run was performed at an increased LHSV of 0.4 hr™". The bio-
dimethyl succinate batches 1015 (excluding 14}, made from bio-succinic acid C as
described in Example 2 were blended together. The feed contained a sulphur concentration
of 33 ppm. The fesed composition was 85 wi% dimethyl succinate and 18 wi% methanol.
The reactor was operatad at the following conditions:

Exit Tempearature, °C - 190
Praessure, psi{g) - 885
LHSY, hrt - 0.4
My Ester (molar) - 35001

Operation at these conditions on the bio-dimethyl succinate feed resulted in a rapid
deactivation of the catalyst. The dimethylsuccinate conversion reduced from 89.05 mol% fo
90.52 mol% before the feed was exhausted. Resulls from the dimethyl maleate activity
chack and the run on (once distiled} blo-dimethyls succinate made from bic-succinic acid
samples G are given in Table 4.
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Table &4

Results of Vapour Phase Hydrogenation of {once}

Distiiled Dimethyl Succinate mads from Bio-succinic Acid Sample €

S Activity Bimethyl Succinate High LHBY
Chack

= Dimsthy! bio-dimathy! succinate from  bio-
maleats succinic acid C

Timg-on-Ling, h 897 523

LHSY, b 0.337 0.400

Prassurs, psi{g) 885 384

imigt Temp, °C 1747 187.4

Exit Temp, °C 180.0 189.9

Ha: Ester 348 348

Rasidence Timeg, ¢ 4.18 5.44

Analysis, wi%

‘Methanol 51.55 50.87

Tatrahydrofuran 123 1.43

Butano! .35 .33

y-butyrolacions 552 8.18

Butanedic 39.53 33.00

Dimethyl succinate 0.73 vor B

Water .62 0.59

Unknowns .08 (.18

Selactivity, mol%

Dimethyl succinate

Conversion 9908 9052

Tetrahydrofuran Selectivity 3.24 4.28

Butano! Sslectivity .89 0.95

y-butyrolactone Selectivity 12.20 1837

Butanediol Selectivity 83.48 17876

Example 4
High sulphur dimethyl succinate from Example 3 was purified {o a level where it would be

suitabie for feed {o hydrogenation by performing a more rigorous distiliation.
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A sscond distiifation was performed on the distilled dimethyl succinate from batoh 14 of the
bie-succinic acid C which had a high sulphur concerttration (18 ppm) after the first distiffation
{as described in Example 3). A & live flask was charged 2786y of dimethyl succinate which
had already undergone a previous distillation as described above. The lemperature was
siowly increased {o afford s process temperature of 200°C. Both the top and bottom column
heaters were sei to mainiain the process temperature inside the column to minimise heat
loss. A 101 reflux ratic was smployed {o attempt to fractionale the sulphur species. A lotal
of B overhead fractions were obtained using a 101 reflux ratio,

The sulphur content of the fraclions were measured and the concentrations are reported in
Table 5 below. A high concentration of sulphur was noted in the first fraction (50 ppm) with
ppb levels in ali subseguent fractions. The pot contents contained a sulphur concentration of
35 ppm. Mass balances for this second distillation were >898 wi% with approximately 78 wt%
of the material removed overhead. The sulphur component balance was »>88%.

Tabia &

Repeat Distiiation of Dimsthy! Succinate Fraction
of Bio-Suceinic Acid C (Batch 14)

Weight (g) Sulphur level ppm wi
Feadstock (from 1% distillation) | 2768 14
Fraction 1 {Lights} 348 50
Eraction 2 {dimethyl succinate) | 338 1
“Fraction 3 (dimetny] succinate) | 269 1.2
Fraction 4 {dimethy! succinate) | 268 0.7
Fraction & (dimethyl succinate) | 265 3.7
Fraction § {dimethyl succinate) | 258 0.3 :
Fraction 7 {dimethyl succinate) | 299 0.4 1
Fraciion 8 (dimethyl succinata) | 115 0.7 |
‘Residue 572 38 |

Exampia §

High sulphur dimethyl succinate from Example 4 was purified by treating it with 2 weak base
anion exchange resin {Dow IRA-BT) which reduced its sulphur content {0 an acceptable level
{or feeding to hvdrogenation,

24



WO 2015/082916 PCT/GB2014/053589

Samples of the high sulphur distiled dimethyl succinate made from Bio-succinic acid C
(described in Examples 3 & 4) were treated with Amberlite IRAST (base resin) with the
intention of removing the sulphur from the dimethyi succinate.

Ovan dried IRABY was added to sach of the dimethyl succinate samples and shaken at
regular intervals for 2-3 hours. Each sample was left to stand for 1 hour and 3 sample of
dimethyl succinate was taken for sulphur analysis. The results of sulphur analysis before
and after treatment with IRABT are presented in Table 8.

Table 8

IRAGT Treatment of Dimethy] Succinate samples from Bio-Succinic Acid ©

Sulphur Lavel (ppb)

Sample Before Treatment | After Treatment
“Dimethyl succinate Fraction from Distillation 1 | 12,000 883

of Batch 14

Fraction 1 from Distillation 2 of Bateh 14 42 000 1,000
Fraction 2 from Distillation 2 of Batch 14 1,450 661
| Pot Residual from Distillation 2 of Baich 14 30,000 9,840

fBlend of dimethyl succinele fractions from | 33,000 743

Distillation 1 of batches 10-13 & 18.

Example §

This exampie demonstrates esterification of succinic acid with methang! at temperatures of
180-210°C in batch autoctaves.

Studies on succinic acid conversion were undertaken using & x 100 om® Hastelloy™
asutoclaves each containing a cross-shaped magnetic follower. Heating was provided by a
metallic block-heater which was close-fitted to each autoclave. Heating was controlied by a
suitable temperature controlier and sach autoclave was individuailly magnetically stirred.
The block was pre-heated to the desired reaction temperature prior {o the addition of the
autoclaves,

Each autoclave was individually charged with the desired starting composition of succinic
acid and methano! (up to 30 g) and the resulting suspension sealed and pressurad with 150
psig Ns at room temperature, to minimise component vapour losses during reaction. The
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autociaves were leak-lested for 45 minutes and all six placed into the pre-healed blogk
together. An initial run had determined that a maximum auloclave pressurs (ca. 380 psig at
180°C) was obiained after 25 minutes in the heated block (30 minutes at 210°C) and these
fimings were therefore used as the "T = (" start times for sampling.

Autoclaves were then removed from the black upon reaching their desired sample timings
and immediately submerged in ice-water for 18 minuies in order fo rapidly guench the
reaction. Mass balances were calculated from comparison of the autoclave massas after
reaction {vented) with that of the emptly autoclave. All samples were analysed for water
{coulometric Karl-Fisher) and by GC (Regisil-treated, 50 m DB-1 column, HY 381 method}.

Starting molar compositions of succinic acid to methanol of 1:2 and 1:4 were employed at
reaction temperatures of 190°C and 210°C, above the melting point of succinic ackd, Data
was collected at 10 or 15 minute inervals starting from T = 0 giving data for 50 or 75
minutes per run. Mass bhalances were generally good (>88%) which is likely {0 be due 1o
good retention of volatites with the cold-sampling method employed. Methano! levels by GC,
however, are siill considered unreliable due to the rapid exctherm present upon Regisil
freatment of samples. This is likely to be due to the high levels of water present in these
samples, typicaily being in excess of 10 wi%.

The dala obtained, which is presanted in Tables 7 ~ 10 shows trends in the componanis as

expected, with grester conversion to dimethyl succinate at Increased lemperature and
increased methano! to succinic acid ratio,

5
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Table 7

Results of esterification of succinie acid in a 1:¢ ratic with methanel at 186°C
in & x bateh autoclaves

Experiment 104, Maethano!: Suscinic acid - 180°C; 6 % 100 mi Autoclaves
| Description 1

Somponei Mass/g RMM / g michd Mols WMol Fraction
Methanol 15.2 32 0.475 80.0% |
Sucoinic Acid 14.4 118 AN RS 20.0%
Totsis 28,2 0,583

Autoctave Number N/& i 3 3 4 L3 &
Tirms { min Initial g 18 30 48 80 il
Mass Discharged /g 281 38.0 29 282 29.2 292
Componanis '

Methanal / GO, wi % £2.033 33.304 30.328 221 | 29.818 WG4 | 27828

Dimethy! Succinate/ 0.0080 18.053 30,190 24,492 42418 | 37.548 | 37.279
GC, wt %

Moromathyl 0.000 28.83¢ 22.852 21.035 19.242 18.684 | 18.480
stpcinate F GO, wt %

Succinic aoid | GG, 47987 | 11003 | 4.591 3153 2533 733 L R
wi %
Water / KFT, wt % {4.000 7.472 9.782 10.344 1 3245 | 11.882 | 13407
“Bum of Knowna £00.0% | DOB% | 97.8% | 585.2%  107.1% | 965% | 423%
Methane! / mot 1826 17041 {.948 0.944 0.928 0.507 | 0.870
Dimethy! suceinate/mol || 0.000 6.130 0207 G.236 3281 G387 TOEES
Monomelnyt suctinate G.000 1.248 8173 2,159 3,148 0,142 1948
Yl
Suceinic ackd { med 06.407 G.004 G038 o027 ga2t 1 6a0 .18
Water / miol 0.000 £.398 6,544 0.575 G736 5E46 AR
TMOL Toial 2033 {RE2 1614 1641 7118 1§74 | 2029
Methanavma! fraction | 0.800 0553 0,458 0.488 0.437 0.450 | (0.429

Dimathyvt succinate! 0.000 (3.088 0108 0.122 0137 Q.130 0.126
ol fraction

Monomethy suctinate ¢ 0.000 {3,

s
s
33

0.081 4.082 0.068 9.072 3.068
med frastion

Sucoinic ackd fma £.200 (.050 G20 0.014 0.440 .00 4.036
frantion
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Waiter / mol fraction 0.500 0.212 0285 0.286 0347 | 0329 | 0367
Mass Balance 89.7% | 99.7% | 98.4% | 09.0% | 100.0% | 100.0% ; 100.0%
Methano! Batance 100.0% | 101.0% | 100.4% | 101.8% | ©67.5% | 9B.9% | 93.7%
Conversion to dimeitivt 0.0% 28.5% 49.4% 55.8% 83.5% 61.5% | 618%
succinate (Cq basis)
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Table 8

Resuits of esterification of sucelnic acid in & 412 ratio with methanod
at 198°% in 8 x batch sutociaveas

Exparimeant 11 2, Methano! : suscinic acid ~ 180°C: 8 ¥ 100 mi Autoclaves
Description

Autoclave Charge (per Autociave)

Component Mass ! g RMM / g ol Mois 1 Mol Fracion
Methano! 7.6 3z 0238 86.7%
Succinic acid 14.0 118 0.119 33.3%
Totals 2186 g 0,258

Autoclave Nurnber N/A 1 z 3 4 5 | B
Time / min initial 0 15 30 43 60 75
Mass Discharged / g NIA 21.2 21.4 213 214 214 215 |
Components

Methanot / 3C, wi % 36186 | 12.082 | 11235 | 9.940 9.704 6468 | 5.165
Dimsthylsiccnate/GC with 0.000 | 27351 | 32232 | 35455 | 35820 | 36613 | 38517
Monomathylsucoinale/aC wite | 0-000 | 36.783 | 33848 | 32319 | 32484 | 31188 | 31767
Succinic acid / GC. Wt % 64.815 | 12571 | 9.81 8.585 8.181 7766 | 8.11%
Water  KFT. wi % 0.000 | 10.000 | 12317 | 13086 | 13208 | 13419 | 13.388
Sum of Knewns % 1000 | 8838 993 30.4 908 98.4 95.¢
Wethana! / mol 1100 | 9377 0.351 0.311 0.308 | 0286 | 0.285
Dirnsthyt succinatel mol 0.000 $5.187 0.221 0.243 0.245 0.261 0.253
Monomethy! succinate/mol | 0.000 0.279 0,258 (.245 £.248 0,238 | 0.241
Suzcinic acil/ mol 0.64% | 0.907 0.683 3.073 0.069 G086 | 0.068
Watar / mol 0000 | (.55 0.684 §.728 0.738 | C.748 10744
MOL Total 1648 | 1505 1584 159.7 1803 1654 © 156.0
Methanolimol fraction 0667 | 0.250 0.220 0.185 0.189 | C188 | CROD

Dimentyi succinate! mol | 0.000 | 0.124 3,138 0.182 0,153 GA57 1 0157
fraction

Monomethyl sucsinate/mol | 0.000 0.185 0180 0,153 04583 £.148 0.1514
fraction

Sioninic acigimol racion | 0.333 | 0.071 0.083 0.046 0.043 0549 1 0.043

Water [ mol fraction 0600 ] 0388 | 0429 0458 5.461 0.468 | 0.468
Mass Balance % N/A 95.1 89 1 988 391 881 085
Methanot Baiance % 1060.0 102.7 88.5 87.8 §73 27.2 9%.9
Conversior to Dimethyl 0.0 327 308 43.3 43.8 | 454 | 447

suecinats {C4 basia}
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Resuits of esterification of succinic acid in a 1:4 ratic with methans!

at 210°C in & x baich autociaves

Dascription

Expaiiment

: 14, Methanal © Suesinic acid- 219°C; 8 x 100 mi Auteclsves

i

Autochave Charge (per Aulociava)

Componemnt fass f g RMM / g mol-1 Rols Mol Fraction
“Methanol 16.2 a2 0.475 80.0%
Buccinic acid 14.0 118 G.119 20.0%
TOTALS 29.2 g 0.594
Autoclave Number MNIA 4 2 3 4 5 &
Time / min initial € 15 30 48 & 75
Mass Discharged f ¢ NiA 212 21.4 21.3 214 2%4 215
Cosﬁ%ﬁ%ﬁient&
Mathraol / GC, wt % 52085 | 26547 | 28503 | 27002 27633 | 28477 | 27437
Dime&hyg sucsinate / 3G, wi% | 0.000 | 30817 | 34.0613 | 37.828 38581 | 38138 | 40,186
Monomathylsuccinate/Go wi% | G000 | 26718 | 22433 | 20403 | 16.800 | 16032 | 16.749
Sucsinic acid / GG, wi % | 47.945 | 5454 3.458 2.695 1.981 1.883 1.8488
Water / KFT, wt % .000 10,222 | 10.809 11.501 11.785 12,229 | 12857
Sum of Knowns (%) 106.0 928 849.2 %9.0 96.9 95.4 8.9
Methanol / mol (%} 162.7 83.0 89.1 B34.4 86.4 88.1 a5.7
Dimethyl sucninatel mat (%) 0.0 21.0 23.3 25.8 286.4 286.1 275
Monamaihyl suscinatal mol (% 0.0 20.2 17.0 16.2 12.8 12.1 12.7
Succinic acid / mol {%:} 40.8 4.6 2.8 2.3 1.7 1.6 18
Water / mol (%} £.0 56.8 £0.1 £4.2 655 678 70.3
MOL Total 2033 | 1858 | 1923 1916 182.7 1958 | 1876
Methanol / mol fraction 0.800 0.447 0.463 0.440 0.448 8.450 | 0433
Dimethyl succinate / mot | 0.000 | 0.113 | 0.124 0.134 0.437 1 0133 | 0159
fraction
Monomethyl succinate / 3.000 0.109 .088 g.078 0.068 ¢.062 | 0.064
mot raction
Succinic acid! mol $.200 0025 ¢.018 8.012 0.608 G.008 | 0008
fraction
Water / mot fractior ¢.000 (.306 0.312 0,335 0.240 0.347 | 0355
Mass Balance NJIA | 728% | 73.3% | T28% | 733% | 734% | 73.6%
Methanol Baiance 100.0% | 97.7% | 99.2% 98.4% 98.6% 97.3% | 95.9% |
Conversion to dimethyl 0.0% 45.8% | 53.8% 54.5% 64.6% 85.68% | 65.8%
succinate {C. basis}
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Table 10
RBesults of esterification of succinic acid in a 1:2 ratio with methanol
at 210°C in & x hatch autociaves

| Experiment Description 1: 2 Methanoh Succinic acid — 240°C: 8 x 100 ml Autosiaves

'I

Autociave Charge (par Autosiave)

Compaoenant bass/ g RN / g moii Maols fot Fraction
Methano 7.8 32 0.238 68.7%
Suceinic acid 14.0 118 0.118 33.3%
TOTALS 21.8 g 0.358

Autoclave Mumber PN 1 2 3 4 S )
Time / min tnitial 0 15 Rit 48 66 1 78
Mass Discharged / ¢ NIA 21.3 214 1.4 213 21.8 214
Components

Methanol / GC, wt % 35485 T 11974 | 10018 | 6914 10487 | 8281 | 5531
Cimethylsuceinate/GO wh % 0.000 | 34.477 | 35544 | 38478 | 26246 | 36.944 | 36198

Monomethylsueoinate/GE wi 0.000 | 32.082 | 32.488 31.5492 30845 | 31474 | 31242

Yo

Succinic acid / GO, wi % | &4.8318 | 8.308 8.481 §.2M 7.858 80062 | 7.745

Water / KFT, wi % C.000 11.889 | 12.82% 12.815 13.787 13.918 | 14141
Sum of Knowns % HORY 8.8 89.1 89.3 8991 89.6 wa.7
Mathanol mol % 118.0 37.4 313 31.0 32.7 289 28.8
Dty spccinatel mot (9) 8.0 238 24.3 250 4.8 25.3 247
Manomethy! succinate/mal (%) 0.0 24.3 248G 24.0 23.2 238 23.7
Succinie acid / mol {%) 64.9 7.8 7.2 7.0 6.7 6.8 6.8
Watar { mob (%)} 4.0 08.8 83.8 71.8 8.8 773 8.4
RACH, Totat 164.9 188.0 157.¢ 158.8 1641 1822 1683.1
hMethanal f rool fraciion D.687 0,235 £.198 $.198 3,108 0178 £.183

Dimnthyl suceinate / mol 3.000 (.148 0.135 0.1587 OREY 0.186 G152

fraction

“Monomathyl succinatefmal | 0000 | 9183 | 2157 0.151 5.141 0147 | G148
fraction
Succinic acid / mol fraction .333 {1.044 0.048 (0.044 cast | G043 TOEES
Water { mot fraction £.000 0.41% .443 :.452 0.457 477 0.481
Mass Balance (%) A 956 891 9.1 98,8 100.0 ] 99.1
fethanol Baiancs (% 100.0 102.8 899.8 9%.1 26,5 $5.6 94.8
Convarsion o DRS (T4 0.0% 43.0% | 43.4% 44.8% 45.3% 45823% | 45.0%

basis)
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The resuits of Example § ars illustrated in the graph of Figurs 8.

Example 7

in this example mono-methyl succinate is esterified with methanol {o the di-ester with
conversion of almost 80% at a temperature of 190°C.

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 steel suloclave
fited with a botloms sample peint was charged with MMS and made up to 200 psig with
nitrogen to minimise component vapour pressures. The reactor was then heated to the
desired reaction temperature of 180°C and methano!l pumped to the autoclave via an HPLC
pump at @ desired rate this was called time zero ("T = 0"), Overheads were extracted via an
slectrically traced heatad line to avoid condensation and reflux of the product mixture., This
was then condensed and collected via & water cooled caich-pol.  This is detailed
schemafically in Figure 7. In which 200 psig hitrogen is added in iing 101 and methanol is
added by pump in line 102, The monomethyl succinate 103 is located in the autoclave. The
overheads are removed in trace heated line 104 and then condensed against cooling water
in ing 108 and then passed to water ¢ooled caich-pot 108, Qverhead from the catchpot is
also cooled agsinst water stream 107 before being passed through metering valve and
bubbler 108 and passing to vent 109, This served {o allow a3 small gas flow through the
system whilst maintaining the reactor pressure at 200 psig.

Samples from the autociave itself and of the overheads collected were taken at periodic time
intervals and subsequently analysed for water (coulometric Karl-Fisher) and by GC.
Autociave samples were analysed after Regisil reatment on a 50 m DB-1 column, and
overheads directly analysed for methanol and dimethy) ether on a 60 m D8-1 column.

Masses of all samiples and rsactor contenis were noled to allow mass balances {0 be
calculated,

A reaction temperature of 190°C and a feed rate of 2 mols methanol per mole of
monomethyl succinate per hour was chossn; 3 moils of monomethyl succinate were charged
fo the autoclave requiring a methanol flow rate of 4.05 mbL min”' for the run. A second run
was performed at double this flow rate. When the system was at temperature, methano! fiow
commenced for 120 minute, with perodic sampling throughout the run.  The feed
composition and conditions used for each {est, Runs 1 & 2 are given in Tables 11 & 14
respecilively, while the results are given in Tables 12, 13, 15 and 18.

32



WO 2015/082916

Table 11

PCT/GB2014/053589

Fead compositisn and test conditions for Run 1 at 2 mol
Methano! per hour per mol succinic acid

Example 7 Run 1
Experime—nt 'E}escripticn 2 mol methano! hr' per mol succinic ackd charged at 180°C
Autcctave Charge (1L Parmr)
Component Mass. g RMM / g ol Mot Mol Fraction
Monomethyl Succinate 3068.0 132 3.0 1.00
{Crude;}
Theorstical Yield {of 438.0
Dimethyl succinate)
Crude Monomethy!
sutcinate Analysis
Component Mass RMM / g mol” fods Mol Fraction
Mathanol 0.9 32 0.027 §.01
Dimethyl succinate 82.5 146 0.428 Q.14
Monomethwt succinate 284.3 132 2154 0.70 k
Sucoinic Acid 47 .4 118 0.402 .13
Water 0.8 18 0.048 .02
Total 3960 3050
Mathano! Flow
Target, molar 2.0 ol he-1 ol (MMS) 8.0 mol MeOH KT
Flow 192.0 ghr'
Density (Methanol) 0.79 gmi’
Target Flow Rate 408 o iy
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Table 12
Resuils of Example 7 Run 1

PCT/GB2014/053589

Example 7 Run 1

Time. min g 11 22 32 42 52 &1
Mass Discharged 14.5 83 10.4 8.2 88 136 13.0
(auteclave}, g
Metnans! Flow Rate | 4.05 4,05 410 4.05 4.05 4.08 4.0%
ol ity
Reaction Temperature, °C 180 188 188 188 187 188 87
Systemn Pressure, psig 168 188 168 168 1684 163 7
Autoclave Companents _
Methano! / GO, wi% 1.087 3.344 6.881 19423 | 12,683 | 12315 | 11.846
Dimethyl succinate / GG, 29214 | 33185 | 41273 | 46,738 | 50682 | 54.770¢ | 58,832
Wil

' Monomethyl succinate / 4B730 | 44.418 | 37.632 | 31405 | 27.408 | 22714 | 22849
GO, wit%
Surcinic geld AC 7 GC, 18.440 | 15478 | 2.513 5918 4152 | 2.745 | 2.416
Wit
Waler / KFT, wi% 1.050 2.789 4.081 4,386 4.518 3773 | 3.208
Sum of Knowns, % 98.4 592 88,5 98.8 88.5 85,3 98.3
Conversion to Dimethy 276 327 435 52.6 58.8 858 | 676
succinate (G4 Basia}, %
Cvarheads Collected, g 0.0 0.0 .1 13.4 30.8 40.8 27.4
Cverheads analysia
Methanol f GC, wt% 80.839 | 78.238 | 86252 | BH.669
Dimethyl sucsinate / GG, 2813 4400
wit%
Monomethyl succinste / (.361 3.332
GO, wi%
Suocinic acid / GC, wi% 0.131 0.413
Water / KFT, wi% 12,021 | 13.303 | 13708 | 11.301
Methanot / GC, wi%
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Tabis 13

Resulis of Exampie 7 Run 1 continued

Example 7 Run 1 {cont'd)

Time, min 72 B1 @1 101 141 121 Final
Mass Discharged ' 16.8 11.4 13.7 18.7 16.5 12.8 731.5
{autoclave), g

Nzeﬁ?anol Flow Rate, mi 4.10 4.05 4.08 4.05 4,05 4.05

s

Reaction Temperature, °6 | 188 189 138 188 188 | 190

System Pressure, psig 165 187 168 167 166 161

Autociave Components |

Methanot / GO, wie £1.348 | 43.880 | 12.833 | 12814 | 12.851 | 13.612 | 13.550
Dimeihyt succinate / GC, B3.176 | 84.074 | 663168 | 80586 | 71108 | 72.303 | 84.074
wit%%

Monomesthyl succinats / 20,537 | 18.388 | 17.281 | 15088 | 13.845 | 12.136 | 18.288
GC, wi%

Sucoinic acid f GG, wite | 1.879 | 15068 | 1.275 | 0.987 | 0.759 0535 11506

Water / KFT, wi% 2.511 1.944 1.550 1.073 0.820 822 | 1.941
Sum of Knowns, % 98.5 39.5 89.3 89.5 99.4 89.3 99.5
Conversion to Dimethyl 73.8 74.3 76.2 7%.8 813 837 88.2
succinate (T, Basis), %

Overheads Collected, g 40,4 30.2 382 38.8 KYRY 388 292.8
Overheads analysis 3.4 38 186 3.8 &

Methanol / GC, wt¥s BR.A38 | 90.803 | 52.240 | $4.850 | 85,385 | 98.787 | 47.185
Dimethy] succinate / GG,

wi%

Monomethy! succinats /

GG, with

Sucrinic acid / GC, wi%

Water / KFT, wi% 11.162 | 9.197 7780 5.141 4.601 3213 | 2.835

Methanot f GC, w %

The resuits of run 1 of Exampls 7 are illustraled in Figure 8.
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Feed composition and test conditions for Examiple 7 Run 2

at 4 mol Methanot per hour per mol succinic acid

Txample 7 Run 2
Experiment Description 4 mol MeGH e per mol SAC charged at 180°C
Autociave Charge (1 L Parr}
Component hass /g RMM/ g mol” Mols Mol Fraction
Monomethyt succinats 368.0 132 3.0 1.00
{Crude)
Theorstical Yighd {of 438.0
dimethyl succinate)
Crude Monornethyl
Succinate Analysis
Componant Mass RMM / g mal’ Mols Mol Fraction
Methanol .9 32 0.027 ¢.01
Dimsthyl succinate g2.8 146 0.428 (.14
Monamethyt succinats 284.3 132 2.154 0.70
Succinic acid 47.4 118 0.402 (.13
Water 0.8 18 0.048 .02
Total 386.0 3,060
Methano! Flow
Target {molar) 4.0 mol v mol” (MMS) 12.0 mol MeOR ™
Flow 384.0 gh"
Density (Mathanol} 0.79 g i
Target Flow Rate 8.10 ml minT
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Tabls 18

Results of Example 7 Run 2

Cxarnple 7 Run 2

Timsg, min ¥ 18 25 35 48 2]
Mass Discharged 14.5 9.7 B0 10.0 55 7.0
{autoclave). G

Melhnaol Flow Rate, mil 8.1C 8.14 84.10 8.1¢ 8.10 8.6
i

Reaction Temperaturs, °C 188 184 183 186 187 187
Systermn Pressure, psig 168 176 164 164 183
“Auteclave Components

Mathano! / GG, wi 1.087 12.083 12.823 11.528 12.693 12.708
Dimethy! suscinate / 3C, wi% 28,214 42.354 44,027 4% 981 53,980 59,085
Monomathyl succinate / 48730 34.008 32,188 27.850 25.688 22.081
GO, wi%h

Bueccinic acid f GO, wi% 15.440 5.156 5372 3.880 2.948 2.208
Water / KFT, wit% 1.85¢ 3,994 4187 3.624 2.887 2127
Sum of Knowns, % 394 58.6 98.8 88,7 88.3 98.2
Conversion 1o Dimethyl 7.8 48.4 51.0 58.4 2.7 58.5
succinate (C, Basis), %

Querheads Collected, ¢ 0.0 11.1 32.4 86.4 774 39.5
Cverheads, analysis

Methanol / GC, wid 77.748 736.517 85,292 91.803 82,810
Dirmnethy! succinate / GO, wi% 5.611% 5611 8540 8.500 10.882
Monomethyl succinate / 0.431 0.431 0.431 0.431 0.478
GC, wi%

Suceinic acid / BT, wi% {.104 G114
Water / KET, with 22255 | 13.483 | 10708 | 8087 | 790
Sum of Knowns 0.0 108.0 108.1 106.9 108.3 111.5
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Table 16
Results of Run 2 continued
Example 7 Run 2 {cont'd)
Time, min 73 aC 105 Final
Mass discharged (autoclava), g 11.3 9.0 8.0 316.3
Mathano! Flow Rate, ] min 2.10 8.10 8.10
Reaction Temperature, °C 187 187 187
System Presaure, psig 160G 164 182
Autoctave Companents
fethanol / GO, with 13.647 12.868 14,231 13.41%2
Dimethyl succinate / GG, wi% £84.872 £8.887 70813 75.011
Monomethyt succinate | GO, wi% 17.881 14.888 12.280 4788
Sucsinic acld / GC, wi 1.234 {.838 0.877 (0.333
Watar / KFT, witt 1.265 3.755 0.837 0,529
Sum of Knowns, % 95.0 98,1 88.2 4%,
Conversion to DMS (G, Basis), % 78.3 8.7 83.2 87.0
Overheads Collented, g 103.9 126.3 103.8 198
Cverheads, analysis
MeOH 1 GG, wi% 95,608 a7.724 98,185 80,6856
Dimethyl succinate / GC, wit% 11.500 12,388 13,399 16.G00
Monomethyl succinate 7 GO, with (3.478 3.471 471 0.471%
Suceinic acid / GG, wi% 0.142
Water | KFT, wi% 4,382 2.278 1.818 8.344
Sum of Knowng 112.0 113.¢ 113.%9 116.8

Example B

This example demonsirates separation of di-methyl succinate from mono-methyl succinate
by distifiation under vacuum,

The expected strearm compaosition from the boltom of an autocatalytic reaction column was
made up artificially as feed using petrochemical dimethyl succinate, monomethyl sugcinate

and succinic acid from previous experiments. The resulting composition in weight percents
Was:

Meathanol 7.0
Bi-rnethyl Succinale 83
Monc-methyl Succinate 27
Succinic Acid 2.9
Cthers 0.1
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1032g of this malerial was charged to an insulated 2L round bottom flask, which heated by
an isomantle acted as the reboller for the batch distillation. The tempersiure of the
isomantie was controlled using a Watlow burst fire module with a k type thermocouple
attached to the skin of the vessel. A further & type thermocouple was located inside the
reboller to determine the actual process temperature.

The distiilation was performed using a 1" diameter glass column containing fwelve pieces of
Sulzer type EX structured packing, operated in continuous mode. The column alse had two
zones heated by electrical heating tape enabling the {emperature of both the top and bottom
areas of the column to be controlied.

A Liebig condenser was used on the top of the column to coolicondense the overheads.
The overheads were connacted to a vacuum pump, with a targst overheads pressure of 400
mbar to allow the separation to be performed at reduced reheller temperature.  Overheads
wera removed on a continuous basis, with the mass withdrawn measured periodically and
compositional analvsis perfarmed. Overheads were analysed for water (HPOB) and dimethyl
succinate/msthanol AS08 (30 m x 0.32 mm DE-FFAP column), with the acid conient (as
mono-methyl succinate) determined by titration with 01N KOH using methanelic
phenolphthalsin indicator solution.

Analysis of the chemical composition of the reboiler was carried 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, dimethyle succinate, monomethy! succinate, and
sticcinic acld were determined (Sil8 column 50 m x 0.32 mm). Reboiler samples were also
analysed for acid content by means of a base titration with 0.1N KOH using methanclic
phenoiphthalein indicator solution. Water analysis was performed on HP08 which as was
fitted with & thermal conductivity detector (TCD).

The overheads and reboilar compositions measured, along with temperature and pressure
data for this test are set out in Table 17.
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Results of Distilation of Dimethy! Suscinate and Monomaethy! Sudcinate
At 400 mibar Pressure

Time on Line ] £6.25 0.75 178 3
thours)

Temperatures

Reboiler Skin {70} 196 218 225 224

Rebuoiler Pot {*C) 108 183 181 185

Column Wall TWI 84,3 1643.3 159.5 154

(bottom; °C)

Cotumn Heater, TTI 89d.3 82.7 177.8 164.4
{hottom) (*C}

Column Wall TWl 218 34.8 110.9 117
op) G}

Column Heater, TT! 41.7 36 147.3 148.5
{top) G}

Overheads (°C} T8 28.8 138.8
Pressure (mbar} 400 398 374 428
Pot Conlents {g) 1032 8821 G482 833.5 820.4
Qverheads Weight 48,80 30,64 12,72 11.0¢
(g
Bottoms Sample 1 2 3 2
Weight {g}

Owverheads Analysis

Methanol wi% 8642 27.11 2.087 s
Dimethyl Succinate $.312 £8.76 892.08 98,98
Wi

Acid (as $.537 {.038 0.11 0. 147
Monomathyl

Buccingte) wid

Watar wt% 12.73 15,38 4.627 1,128
Others wi%t 0 0.736 1.1340 1.353
Total 106 100 100 100
Pot Analysis

Wethanol wi% 7.60 027 0 o 0
Dimethyl Succinats £83.00 8573 65.99 85.71 86.19
Wi%h
Manomethyl 27.00 20,58 2875 20.86 2008
Succinate wi%

Suncinic acid wit% 2.80 3.43 2.80 207 1.478
Waler wi% 0.00 .88 1.78 1.63 0
Suceinic anhydride (.80 Q.00 .19 3.72 0.589
Wit

Others wi% .10 0.00 (.00 0.00 2.554
Total 100.00 100.00 100.00 100,00 100,89
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Results of Distillation of Dimethyl Succinate and Monomethyl Succinate Con™t

AL 480 mbar Pressure

Time on Line 4 5 8 7 g 8.67
{hours)
Temperaturas
Reboller Skin (°C) a0 225 226 228 223 223
Reboiler Pot (°C) 162 198 200 200 197 107
Column Walt TW 169.8 1887 158.8 158.2 159.2 158.2
{bottom) °C)
Column Healer, 1681.6 153 157 164.5 159.8 158.8
TTE (bottam) °X)
Column Wall TWH 124.8 1228 120.1 135.8 132.5 132.5
{top) {°C)

| Colurmn Healer, 1854 187.8 1519 86 183.3 103.3
1T (iop} CC)
Overheads (°C3 145.2 145.1 135.1 128.8 113.3 113.3
Fressure {mbarn 501 837 838 800 450 450
Pot Contenis (g) B72.0 801.2 B60.9 576.6 438.4 420,19
Overheads Weight 46.38 £8.86 138.3 82.22 138.2 18.35
()
Botioms Sample 2 2 2 2 2 2
Weight ()
Overheads
Analysis
Methanol wi% 0.198 0 4] 4] O Y
Dimethyl Succinate 98.36 g8.61 98.08 04,35 88,22 98,89
wi%
Acid {as 0.01 0.008 0.01 4,933 0.97 0.1
Monomethyt
Succinate) wi%t
Water wi% 0.288 0.164 0.074 0.104 {3.088 $.084
Others wi% 1.147 1.218 (.839 3.808 (.55% £.828
Total 108 100 100 100 100 100
Pot Analysis
Methanot wit 0 8] 0 4, 8] D
Simethyt Succinate 68.77 66.18 80.38 4818 40.96 41.38
¥t
Monomethyl 2%.25 25.32 34.02 46.53 £3.44 51.68
Succinate wi%h
Succinicacid wi% | 1032 | $.9683 1.180 2113 2.623 3.411
Water wi% {1.0038 G.0667 0 0.1445 ] g
Succinic anhydride 1.730 2279 2781 1.875 2.565 1.693
wi%

Others wi% 2.955 3.4865 4 428 3.086 3.880 3.319
Total 101.73 102.28 102.75 101.88 102.56 101.68
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CLAIMS

)

A pracess for the production of dialkyl succinate from a  feedstock comprising

succinic acid produced by fermentation processes comaprising the steps of:

(a) feeding solid succinic acid produced by fermentation processes to a first reactor
where it is contacted with alkangl, said first reactor being operaied at a suitable
temperature and pressure to enable autocatalytic esterification te occur,

{b) passing a stream removed from the first reactor comprising unreacted succinic
acid, mono alkyl ester, diaikyl ester, alkanal, water and impurities to a point at or
near the top of a reaction zone columm operated at temperatures and pressures
{5 enable esterification of the succinic acid and further esterification of the mono
alkyl ester, and passing said stream in counter-current reaction to upflowing
additional alkanol;

{c) removing a stream from at or near the botlom of the reaction zone coiumn
comprising components selected from residual succinic acid, mono atkyl ester,
dialkyl ester, impurities and aikanol and passing said stream {o a botloms siream
separafton zone where said di-alky! ester is separated from alkanof, and from the
succinic acid, mono alkyl ester and impurities;

(d) recycling the succinic acid and mono atkyl ester to the reaction zone column;

(e) removing at least some of the impurities as a purge; and

(f) removing a stream comprizsing alkanol, water and organic components from at or
near the top of the reaction zone column and passing said stream to a top stream
distiflation zone where the alkanol is separated, from the water and from the
organic components and recycling the organic components to the reaction zone

columnn,

A process according to Claim 1 wherein said first reactor is a stirred tank reactor.

A process according to Claim 2, wherein the stired tank reaclor is operated at a

temperature in the region of from 120°C to 140°C.

A process according to Claim 2 or 3 wherein the pressure within the stirred tank

reactor is in the region of from & bara to 10 bara,
A process according to any one of Claims 1 o 4 wherein the stream from the first

reactor comprising unreacted succinic acid, mono alkyl ester, dialkyl ester, alkanol,

water and impurities is passed via a subsequent reaction vessel.
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10.

12.

13,

14,

15,

17.

A process according to Ciaim 5 wherein the subsequent reaction vessel is a plug flow

reaction vesse)

A process according to any one of Claims 1 fo 6 wherein the stream is passed

through a distillation column before being fed to the reaction zone column.

A pracess according to any one of Claims 1 to 7 wherein the reaction zene column is

operated at an overhead pressure of 1.3 bara to 10 bara,

A process according to any one of Claims 1 to 8 wherein the reaction zone column is

operated at a temperature of 100°C to 300°C.

A process according to any one of Claims 1 to 8 wherein an alkano} wash is applied

at or near the top of the reaction zone column,

A process according to any one of Claims 1 to 10 wherein the botloms siream

separation zone is a hydrogen stripping zone.

A process according {6 any one of Claims 1 to 10 wherein the bottoms stream

separation zone is a bottom stream distiliation zone

A process according to Claim 12 wherein the bottoms stream separation zone is

operated at an overhead pressure of from 0.1 bara to 1 bara.

A process according to Claim 12 or 13 wherein the diaikyl succinate is removed as a

liquid side draw.

A process according to Claim 14 whersin the liguid side draw is rernoved from a paint

above the feed point to the bottoms stream distillation zone.

A process according to any one of Claims 1 to 15 wherein the recovered alkanol from
the bottoms stream separation zone is recycled to one or both of the first reactor and
the reaction zone column.

A process according to any one of Claims 1 to 18 wherein the residual succinic acid

and any mono-ester are recycled to the reaction zone column,
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18,

19.

20.

21,

22.

23.

24.

26.

27,

28.

A process according to Claim 17 wherein the recycled residual succinic acid any
mono-aster are recycled to the reaction zone column at a point below the paint at

which the feed from the first reactor is added.

A process according to any one of Claims 1 to 18 wherein the impurities are removed

as a purge from the bottoms stream separation zone.
A process according to any one of Claims 1 to 18 wheregin the overhead from the
reaction column zone comprising alkanol, water and organic components is passed

to a condenser before being passed to a top stream distiliation column.

A process according to any one of Claims 1 to 20 wherein the top stream distillation

column is operated at an overhead pressure of 1.3 bara o 2 bara.

A process according to any one of Claims 1 to 21 wherein a liquid side draw is taken

from the top stream distillation column.

A process according {o Claim 22 wherein the side draw is passed to a separator {0

separate an agueous phase form an organic phase.

A process according to Claim 23 wherein the organic phase is recycled to the

reaction zene column.

A process according to Ciaim 23 or 24 wherein the aqueous phase is returned to the

top stream distillation column.

A precess according to Claim 25 wherein the agueous phase is returned to the

column at a point below the draw point for the liguid side draw.
A process according to any one of Claims 1 to 268 wherein the esterification in the
reaction zone column and one or both of the distillation zones can be located in

separate columns.

A process according to any one of Claims 1 to 27 wherein the atkanol is methanol.
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