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Description

[0001] This invention relates to an improved process for the purification of lactide from a crude lactide vapour product
stream comprising at least said lactide, lactic acid, water and linear lactic acid oligomers.

[0002] Lactides are dimericcyclic esters of lactic acid and are intermediates inthe preparation process of highmolecular
weight (HMW) polylactic acids (PLA), which are truly biodegradable polymers that can be utilised as substitutes for non-
biodegradable polymers. The use of lactic acid and lactides for the manufacture of a biodegradable polymer is well
known in e.g. the biomedical industry, where the polymer is used for making biodegradable sutures, clamps, bone plates
and biologically active controlled release devices.

[0003] Lactide is most conveniently prepared by a two-step polymerisation/depolymerisation process. First, lactic acid
from a feed source is polymerised to a relatively low molecular weight (oligomeric) polylactic acid (LMW-PLA). Second,
the LMW-PLA is heated, generally in the presence of a catalyst, to depolymerise the LMW-PLA to lactide which is
recovered as a component of a vapour product stream. Methods for performing the said polymerisation and depolym-
erisation are known in the art, see e.g. Gruter et al., U.S. 1,095,205 (1914); Lowe, U.S. 2,668,162 (1954); Bhatia, U.S.
4,835,293 (1989); DeVries, U.S. 4,797,468 (1989); and Muller, U.S. 5,053,522 (1991).

[0004] To obtain the high molecular weight polylactic acid (HMW-PLA) required for use as a biodegradable polymer
it is essential that the lactides are obtained essentially free of other impurities, such as water, lactic acid, linear lactic
acid oligomers and volatile derivatives of lactic acid, as in the presence of such impurities polylactic acid of insufficiently
high molecular weight is obtained.

[0005] The vapour product stream that is produced by depolymerisation not only comprises lactide but also the above-
mentioned impurities. In particular water and lactic acid are capable of participating in ring-opening reactions with the
lactide, which results in a lower lactide yield and an increased acidity of the cyclic ester product.

[0006] Typically, purification of lactide may be achieved by solvent extraction or by recrystallisation from solvent.
However, both methods are disadvantageous as they utilise solvents, which necessitates the need for facilities to store
a solvent, to purify the product therefrom and to prevent the solvent from escaping into the environment. Hence, such
steps add significantly to the process investment and operating costs. Moreover, recrystallisation is known to give
relatively poor yields due to significant losses of lactide during the recrystallisation step. For the large-scale commercial
production of biodegradable polylactic acid for an abundance of applications it is important to maximise yields and
minimise costs to obtain a cost-competitive product.

[0007] Alternatively, distillation can be employed to purify lactide from a crude lactide vapour product stream (see e.g.
EP 0893462 and EP 0630 371). The use of distillation for the purification of lactide allows for the continuous manufacture
of cost-competitive HMW-PLA.

[0008] As an example, EP 0 630 371 discloses the use of fractional distillation for purification of lactides. Thereto, a
crude lactide vapour stream that is produced by the depolymerisation of LMW-PLA in a reactor is completely or partially
condensed and subsequently fed to a multi-stage distillation column. Three fractions are established in the column and
removed therefrom: an overhead vapour fraction comprising lactic acid and water, a side vapour fraction comprising
lactide and a bottom liquid fraction comprising lactide and linear lactic acid oligomers. The side vapour fraction comprising
lactide may be condensed to yield a liquid lactide fraction. A purge stream of the bottom liquid fraction comprising lactide
and linear lactic acid oligomers may be fed to the reactor such that the linear lactic acid oligomers may reparticipate in
the depolymerisation reaction to optimise overall lactide yield. However, lactide with an acid content low enough to
produce HMW-PLA was obtained only with very low yields.

[0009] US5,521,278 also discloses the use of fractional distillation for the purification of lactide. The concentrated
lactide thereby obtained is then subjected to melt crystallisation to separate purified lactide having an acidity potential
of less than 6.

[0010] EP 0 893 462 describes the use of distillation for purification of lactides. The crude lactide vapour stream may
be fed to a conventional distillation column as such or may be completely or partially condensed prior to feeding to the
column. Moreover, a distillation column is disclosed which is mounted directly on top of a reactor to create a single
enclosed area within which both the reaction to generate the crude lactide vapour stream, and distillation thereof take
place. It is disclosed that in the top-mounted distillation column equilibrium is established between low-boiling overhead
components such as water and lactic acid, the intermediate-boiling component lactide and the high-boiling components,
i.e. linear lactic acid oligomers; thus, a three-component separation is attempted. The high-boiling components, i.e. the
linear lactic acid oligomers, that liquefy within the column travel down the distillation column directly into the reactor
where they can be further reacted to form additional lactide. Thus, no purge stream is required between the distillation
column and the reactor to obtain maximal LMW-PLA conversion and thus lactide yield. The low-boiling overhead stream
composed essentially of water (or solvent) and lactic acid is removed, subsequently condensed and a portion is refluxed
back into the distillation column. The desired product, i.e. the lactide, herein also referred to as the "lactide fraction" or
"lactide containing fraction”, is recovered via a side outlet. However, such top-mounted three-component separation
system is very difficult to operate, particularly taking into account the fact that the system is located on top of a reactor,
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and it is difficult to envision that high yields of lactide with an acid content sufficiently low to produce HMW-PLA can thus
be obtained.

[0011] In order to obviate one or more of the above drawbacks, the present invention provides an improved process
for the purification of lactide with high yield and high purity, wherein the lactide is pre-purified in a rectification column
separating the non-volatile components, i.e. linear lactic acid oligomers, and preferably a major part of the volatile
components such as e.g. water and lactic acid, from the desired end-product lactide to increase the yield and purity of
the lactide.

[0012] Thus, the presentinvention relates to a process for the purification of lactide from a crude lactide vapour product
stream comptising at least said lactide, lactic acid, water and linear lactic acid oligomers, said crude lactide vapour
product stream being produced by depolymerisation of low molecular weight polylactic acid in a reactor, which process
comprises the steps of:

(a) feeding said vapour product stream to a rectification column having a feed inlet at the lower end of the column
and an overhead vapour outlet at the upper end of the column, through the said feed inlet, said column being
mounted onto the reactor such that components from the vapour product stream liquefying within the column are
allowed to flow back into the reactor;

(b) establishing at the upper end of the column a first overhead vapour fraction consisting essentially of water, lactic
acid and lactide, and at the lower end of the column a high-boiling fraction consisting essentially of lactide and
higher-boiling linear lactic acid oligomers;

(c) condensing from said first overhead vapour fraction by means of a condenser at least the lactide to obtain a first
liquid lactide containing condensate fraction;

(d) removing the first liquid lactide containing condensate fraction.

[0013] As known in the art, LMW-PLA and one or more catalysts can be fed to the reactor, where the crude lactide
vapour product stream is produced by heating of the LMW-PLA in the presence of a catalyst. Suitable catalysts that
may be present in the reactor are well known in the art and may comprise metals or inorganic/organic metal compounds
such as Sn, Ti, Zn or Fe compounds.

[0014] Two optical isomers are known to exist for lactic acid, L-lactic acid and D-lactic acid. Either of the two lactic
acid isomers or mixtures thereof may be used for the production of LMW-PLA and subsequent production of lactide to
yield L-lactide, D-lactide and meso-lactide (DL-lactide) in any combination.

[0015] A typical depolymerisation reaction is conducted at a pressure of 10-100 mbar, preferably 20-50 mbar, at
temperatures in the range of 160-270°C, preferably of 180-250°C, more preferably of 200-250°C. However, the de-
polymetisation can be conducted using any pressure and temperature. A skilled practitioner will readily be able to adjust
these parameters.

[0016] Under the above conditions, the lactide produced by the depolymerisation of the LMW-PLA is removed by
evaporation resulting in a crude lactide vapour product stream. In order to enhance the said removal, it is advantageous
to apply a stream of an inert gas, such as e.g. nitrogen or argon gas in the reactor. The said crude lactide vapour product
stream comprises at least lactide, lactic acid, water and linear lactic acid oligomers, such as linear lactic acid dimers,
trimers, tetramers and higher oligomers, but may also comprise additional components, e.g. volatile lactic acid derivatives
such as pyruvic acid. The composition of the crude lactide vapour product stream may depend on several parameters,
such as for example the reaction temperature and pressure, the molecular weight of the introduced LMW-PLA and the
type and amount of catalyst and/or initiator used. Typically, the lactide content in the crude lactide vapour product stream
may be in the range of 65-99 wt.%, the lactic acid content may be in the range of 0-15 wt.% % and the content of linear
lactic acid oligomers may be in the range of 0-20 wt.% (see e.g. example 2 and 3). The crude lactide vapour product
stream may additionally comprise by-products generated during the depolymetrisation of LMW-PLA, such as e.g. pyruvic
acid and acrylic acid, having an atmospheric boiling point of 165°C and 140°C, respectively.

[0017] According to the invention, the crude lactide vapour product stream is directly fed to a rectification column.
Entrance of the rectification column is therefore preferably not preceded by a condensation step. The term "rectification”
is well known in the art and reflects the process of purification by means of fractionation based on volatility differences
between components. The relative order of decreasing volatility of the principal components of the said stream is water,
lactic acid, lactide and linear lactic acid dimers and higher oligomers with boiling points at atmospheric pressure of about
100, 215, 260 and 350°C, respectively, which boiling points are even higher for linear lactic acid trimers, tetramers, etc.
The more volatile components in the said stream, such as water, lactic acid, lactide and volatile lactic acid derived
species, such as for example acrylic acid and pyruvic acid, are evaporated more easily than the less volatile components,
such as linear lactic acid dimers and higher oligomers, and thus travel higher in the column. As a consequence, a
concentration gradient is established with the more volatile components being enriched at the upper end of the column
and the less volatile components being enriched at the lower end of the column. Due to this concentration gradient a
temperature gradient exists over the column. Thus, in the lower end of the column the temperature is highest and the
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concentration of the most volatile components, i.e. water, lactic acid and lactide, is lowest, and in the upper end of the
column the temperature is lowest and the concentration of the most volatile components is highest.

[0018] Most efficient separation is achieved when at least a portion of the first liquid lactide containing condensate
fraction of the more volatile components is refluxed, such that vapour and liquid fractions display a counter-flow within
the column. Thus, an efficient separation is accomplished between components with a higher and components with a
lower volatility. The person skilled in the art of rectification is aware of suitable conditions or is capable of establishing
the said conditions in a straightforward manner in order to optimise the above separation.

[0019] As a concentration gradient of the compounds is present in the rectification column, outlets can be positioned
in the column such, that fractions enriched in a desired product, e.g. lactide, can be removed from the column at the
position of the said outlet. According to the present invention, the concentration gradient is established such, that the
overhead vapour fraction at the upper end of the column is enriched in water, lactic acid and lactide, whereas the bottom
vapour fraction at the lower end of the column is enriched in lactide and linear lactic acid oligomers. The lactide fraction
is withdrawn at the upper end of the column.

[0020] According to the invention, said rectification column is mounted with its lower end onto the reactor such that a
single enclosed area is provided wherein both the lactide production and purification take place. As a consequence,
components liquefying in the rectification column are allowed to directly flow back into the reactor as to enable re-
participation in the depolymerisation reaction. Thus, no purge stream as e.g. described in EP 0 630 371 is required to
improve lactide yield. The rectification column can be any type of known rectification column allowing contact between
the vapour and liquid fractions, such as e.g. a tray column or a packed column. Preferably, the rectification column is a
packed column as packed columns are more conveniently used at reduced pressures. Preferably, the rectification column
is packed with structured packing material in order to enhance contact between the vapour and liquid and to minimise
the liquid hold-up. Minimising the liquid hold-up results in a lower pressure drop over the column. The skilled person is
capable of applying the proper packing material for the envisaged aim. It is preferred that the rectification is conducted
under reduced pressures.

[0021] The crude lactide vapour product stream produced in the reactor thus enters at the lower end of the rectification
column at the feed inlet. The feed inlet is defined to be the column opening where the column is joined to the reactor.
Herein, "lower end" defines a lower region in the column; lower end does therefore not necessarily mean the bottom of
the column but may also be a location in the vicinity thereof.

[0022] Atthe upper end of the column, i.e. the end of the column that is not connected to the reactor, a first overhead
vapour fraction is established consisting essentially of water, lactic acid and lactide, and at the lower end of the column
avapour fraction is established consisting essentially of lactide and higher-boiling linear lactic acid oligomers. One skilled
in the art will be capable of determining and controlling appropriate pressures, temperatures and flows in the column to
establish such fractions. Herein, "upper end" defines an upper region in the column; upper end does therefore not
necessarily mean the top of the column but may also be a location in the vicinity thereof. However, preferably, the upper
end of the column is at the top of the column.

[0023] From the first overhead vapour fraction in the upper end of the column at least the lactide is condensed by
means of a condenser to obtain a first liquid lactide containing condensate fraction, and said first liquid lactide containing
condensate fraction is removed from the column. Said first liquid lactide containing condensate, herein also referred to
as rectified lactide, comprises lactide and may comprise water and lactic acid, but is preferably substantially void of
linear lactic acid oligomers. Thus, the first liquid lactide containing condensate is essentially free of linear lactic acid
oligomers and is therefore substantially purified in comparison to the crude lactide vapour product stream.

[0024] In a preferred embodiment step ¢) in the above process comprises partially condensing said first overhead
vapour fraction, such that at least the water is left in the vapour phase and removed from the condenser, and at least
the lactide is condensed to obtain a first liquid lactide containing condensate fraction. Thus, a more purified first liquid
lactide containing condensate fraction is obtained mainly comprising lactide and possibly also lactic acid, but essentially
void of both linear lactic acid oligomers and water. Preferably at least 80 wt.% of the water is removed in the vapour
phase, more preferably at least 90 wt.%, even more preferably at least 95 wt.%, most preferably at least 98 wt.%.
Therefore, the obtained first liquid lactide containing condensate fraction is substantially purified in comparison with the
crude lactide vapour product stream, as the said condensate fraction comprises substantially less, or no water and less,
or no linear lactic acid oligomers.

[0025] Inamore preferred embodiment said step c) comprises partially condensing said first overhead vapour fraction,
such that at least the water and a major amount of the lactic acid are left in the vapour phase and removed from the
condenser, and at least the lactide is condensed to obtain a first liquid lactide containing condensate fraction, which
results in an even more purified first liquid lactide containing condensate fraction comprising lactide and a minor amount
of lactic acid, said fraction being essentially void of linear lactic acid oligomers, water and a major amount of lactic acid.
Preferably at least 80 wt.% of the water is removed in the vapour phase, more preferably at least 90 wt.%, even more
preferably at least 95 wt.%, most preferably at least 98 wt.%. Preferably at least 50 wt.% of the lactic acid is removed
in the vapour phase, more preferably at least 60 wt.%, yet more preferably at least 70 wt.%, again more preferably at
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least 80 wt.%, most preferably at least 90 wt.%.

[0026] Condenser temperatures required for complete or partial condensation of lactide may vary. One skilled in the
art will readily be able to determine suitable condenser temperatures. The (partial) condenser may be mounted on top
of the rectification column or may be located downstream of the rectification column.

[0027] In order to efficiently remove the linear lactic acid oligomers from the crude lactide vapour product stream, a
portion of the first liquid lactide containing condensate fraction is preferably refluxed into the column. The "reflux ratio"
is a measure of how much of a liquid condensate is returned back to the column as reflux and is defined as the ratio of
the liquid condensate flow refluxed into the column to the liquid condensate flow removed from the column. The reflux
ratio is preferably between 0.01 and 5, more preferably between 0.025 and 2, most preferably between 0.05 and 1. A
reflux ratio of 5 means e.g. that of the condensed matter 5 volumes are returned to the column whereas 1 volume is
removed from the column.

[0028] Advantageously, the first liquid lactide containing condensate fraction comprises at least 90 wt.% lactide and
0-10 wt.% lactic acid, more preferably at least 96 wt.% lactide and 0-4 wt.% lactic acid.

[0029] Depending on the desired purity of the lactide, the first liquid lactide containing condensate fraction of step d)
may be subjected to one or more distillation steps. Said distillation steps can be performed as is known e.g. from EP 0
623 153 and EP 0 893 462 or EP 0 630 371, but any type of distillation known in the art may be employed to further
purify the first liquid lactide containing condensate fraction.

[0030] In a preferred embodiment, said one or more distillation steps comprise the steps of:

(i) feeding the first liquid lactide containing condensate fraction into a distillation column, the column having a bottom
end and a top end and a feed inlet between said bottom end and top end, the column further comprising a second
overhead vapour outlet at the top end of the column, a liquid outlet at the bottom end and a vapour side outlet located
between the feed inlet and the liquid outlet;

(ii) establishing

- asecond overhead vapour fraction comprising lactic acid and optionally water in the top end of the column,
- abottom vapour fraction comprising lactide in the bottom end of the column, and
- abottom liquid fraction below the bottom vapour fraction comprising lactide and linear lactic acid oligomers;

(i) removing second overhead vapour fraction through the overhead vapour outlet;
(iv)removing bottom vapour fraction comprising lactide through the vapour side outlet;
(v) removing bottom liquid fraction through the liquid outlet.

[0031] For further purification the first liquid lactide containing condensate fraction is fed to a distillation column, herein
also referred to as "second column”. This second column comprises a feed inlet located between the top end and the
bottom end of the column, whereto the first liquid lactide containing condensate fraction is fed. Preferably, the feed inlet
is located at a distance of both the top end and the bottom and of the column, preferably near a midpoint of the column.
[0032] The distillation column may be any type of column known in the art allowing contact between the vapour and
liquid fractions, such as e.g. a tray column or a packed column. Preferably, the distillation column is a packed column
as such column is more conveniently used at reduced pressures. Preferably, the distillation column is packed with
structured packing material as to enhance contact between the vapour and liquid and to minimise liquid hold-up, which
results in a lower pressure drop over the column and in minimisation of reaction between the different species present.
The skilled person is capable of applying the proper packing material for the envisaged aim.

[0033] In the process of distillation, as known in the art, a concentration gradient is established with the low-boiling
components being enriched in the top end of the column, and the high-boiling components being enriched at the bottom
end of the column. Thus, the second overhead vapour fraction is established in the top end of the column which is
enriched in low-boiling components, i.e. lactic acid and optionally water. The liquid bottom fraction essentially comprises
lactide and high-boiling linear lactic acid oligomers, the latter being formed due to side-reactions occurring under the
operating conditions of the second column, whereas the bottom vapour fraction just above the bottom liquid fraction will
consist essentially solely of lactide. Preferably, a reboiler is located at the bottom end of the column, generating the
energy required for the purification.

[0034] The second overhead vapour fraction comprising lactic acid and optionally water is removed through the over-
head vapour outlet and may subsequently be fed to a condenser to form a liquid lactic acid containing condensate
fraction. Particularly when the second overhead vapour fraction still comprises water, the condenser can be a partial
condenser to remove water to also generate a purified liquid lactic acid condensate fraction. Preferably, a portion of the
generated liquid lactic acid containing condensate fraction is refluxed back into the second column in order to obtain
efficient separation between lactic acid and lactide. The reflux ratio is preferably in the range of 0.1-20, more preferably
in the range of 0.5-15, most preferably in the range of 1-10.



20

25

30

35

40

45

50

55

EP 1 694 626 B1

[0035] The bottom vapour fraction comprising lactide is removed through a vapour side outlet located between the
bottom end and midpoint of the second column. Preferably, the vapour side outlet is located slightly above the boiling
liquid bottom fraction, such that essentially solely lactide is removed through the said vapour side outlet.

[0036] Preferably, a portion of the bottom liquid fraction is removed from the second column to prevent accumulation
of linear lactic acid oligomers in the liquid fraction.

[0037] The feed rate of the first liquid lactide containing condensate fraction to the column and the removal rates of
the second overhead vapourfraction, the bottom vapour fraction and the bottom liquid fraction are preferably co-ordinated
such that a substantially steady-state condition can be maintained in the column as to allow for a continuous process
to occur. One skilled in the art will readily be able to establish suitable feed and removal rates.

[0038] In the distillation step, best results are achieved at low temperatures and pressures. Lower temperatures
minimise the possible occurrence of side-reactions between lactic acid and lactide that can lead to product loss and
contamination of the bottom vapour fraction comprising lactide. Preferably, the distillation step is carried out under
reduced pressures, more preferably at pressures of 10-100 mbar, most preferably of 20-50 mbar, preferably at a tem-
perature of no more than 180°C, more preferably of no more than 170°C, even more preferably of no more than 160°C,
preferably of about 150°C. Moreover, it is preferred that the processes of depolymerisation of LMW-PLA, rectification
and distillation are conducted in a continuous manner.

[0039] Inapreferred embodiment said distillation step further comprises the step of (vi) condensing the bottom vapour
fraction comprising lactide obtained in step (iv) to obtain a second liquid lactide containing condensate fraction. Con-
densation is preferred as lactide in liquid condensed form is more easily fed to any following system, e.g. an additional
purification system or a polymerisation system.

[0040] The bottom vapour fraction and/or the second liquid lactide containing condensate fraction that are obtained
as described above preferably comprise at least 99 wt.%, preferably at least 99.5 wt.%, lactide. The amount of hydroxyl
containing compounds in the bottom vapour fraction and/or second liquid lactide containing condensate fraction are
preferably less than 50 meqg/kg, more preferably less than 20 meqg/kg and most preferably less than 10 meg/kg. Thus,
a polymer grade lactide is obtained which is e.g. suitable for the production of HMW-PLA.

[0041] In another embodiment, the bottom liquid fraction of the distillation step is recycled to the reactor to optimise
overall lactide yield from a feed source.

[0042] In a further aspect, the invention relates to a process as disclosed above, said process further comprising the
step of removing carboxylic acid and/or hydroxyl containing compounds in any of the lactide comprising fractions obtained
in step (d), (iv), (v) or (vi) to further purify the said lactide comprising fractions.

[0043] Said removal of residual acids can e.g. be accomplished by well-known processes in the state of the art, such
as the addition of organic bases such as pyridine and trialkylamines or phosphines to the lactide comprising fraction to
form salts with the acids, scavenging of acids with basic metal salts or by using activated charcoal or silica or alumina
powders whereto the acids adsorb. However, any chemical process for the removal of carboxylic acid and/or hydroxyl
containing compounds from any of the lactide comprising fractions can be used.

[0044] The lactide comprising fraction can be obtained in step (d), (iv), (v) or (vi) and comprises at least lactide and
optionally lactic acid, water and linear lactic acid oligomers. However, other carboxylic acid and/or hydroxyl containing
compounds may also be present. The lactide comprising fraction may be vaporous such as the lactide comprising fraction
obtained in step (iv) or may be liquid such as the lactide comprising fraction obtained in either of the steps (d), (v) or (vi).
[0045] Preferably, said removing carboxylic acid and/or hydroxyl containing compounds in any of the lactide comprising
fractions obtained in step (d), (iv), (v) or (vi) comprises the steps of:

|. contacting any of the lactide comprising fractions obtained in step (d), (iv), (v) or (vi) with a solid scavenger material
comprising at least one functional moiety capable of forming a covalent bond with one or more carboxylic acid and/or
hydroxyl containing compounds optionally present in said lactide comprising fraction, thereby allowing the at least
one functional moiety of the scavenger material to selectively react with the one or more carboxylic acid and/or
hydroxy!| containing compounds optionally present in said lactide comprising fraction to form a bond therewith;

Il. separating the scavenger material with bound carboxylic acid and/or hydroxyl containing compounds from the
lactide comprising fraction to obtain a substantially purified lactide comprising fraction.

[0046] The latter scavenging process for removing carboxylic acid and/or hydroxyl containing compounds such as
water, lactic acid and linear lactic acid oligomers from a lactide comprising fraction comprising at least lactide is advan-
tageous, as it does not have the drawbacks conventional processes have. The removal of acids by addition of organic
bases is generally not suitable at elevated temperatures, many nitrogen-containing bases show a tendency to oxidise
andcolourthe acid containing mixture, and metal ion may act as catalysts, especially in mixtures containing polymerisable
molecules, such as lactic acid containing mixtures. A major drawback of the charcoal and silica or alumina powders is
the low capacity at low acid concentrations and at high temperatures.

[0047] The above irreversible scavenging process is suitable not only for removal of lactic acid and linear lactic acid
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oligomers from a lactide comprising fraction comprising at least lactic acid and lactide, but can be used for removal of
any carboxylic acid and/or hydroxyl containing compound(s) from any mixture of compounds to obtain a substantially
purified product. Moreover, the said process can be used for removal of lactic acid and/or linear lactic acid oligomers
from any lactide containing preparation.

[0048] The solid scavenger material can e.g. be in the form of a powder, beads, fibers, strand, woven or non-woven
materials. Such materials can easily be separated from a liquid with any viscosity.

[0049] The scavenging process can be performed in any type of system that allows contacting the lactide comprising
fraction, either in vapour or liquid form, with the solid scavenger material. Methods for contacting and separating the
lactide comprising fraction andthe solid scavenger material will be readily apparentto one skilled in the art. Said contacting
could for example be accomplished by passing a vaporous lactide comprising fraction, such as the lactide comprising
fraction obtained in step (iv), along a surface comprising the solid scavenger material, or simply by mixing a liquid lactide
comprising fraction, such as the lactide comprising fraction obtained in step (d), (v) or (vi), with beads comprising the
solid scavenger material. Separation of the lactide comprising fraction and the scavenger material can be accomplished
by any conventional means such as e.qg. filtration.

[0050] By choosing a specific functional moiety the acid scavenging process can be fine-tuned. E.g. isocyanates react
relatively fast with hydroxyl groups, anhydrides are known to react relatively fast with alcohol groups, epoxidised groups
are particularly suitable for removal of compounds with a carboxylic acid group, etc. Preferably, the at least one functional
moiety of the scavenger material is selected from the group, consisting of epoxy, amine, amide, cyano and anhydride
moieties. Non-limiting examples of such reactive moieties are resins based on olefinic copolymers containing maleic
anhydride acryl amide or glycidylmethacrylate comonomers.

[0051] The scavenger process can be cartied out in a batch or continuous way. Preferably, the acid scavenging is
conducted in a continuous manner to provide an efficient and cost-effective process. Preferably, the acid scavenging is
conducted at elevated temperatures, more preferably at temperatures in the range of 100-180°C, most preferably in the
range of 100-150°C.

[0052] The invention will now be illustrated with reference to figures and examples.

[0053] Referring now to Fig. 1, LMW-PLA is fed through line 1 to a reactor 2. In the reactor 2 lactide is produced by
depolymerisation of the LMW-PLA at a temperature and pressure sufficient to vaporise the lactide as it is generated,
resulting in a crude lactide vapour product stream (arrow 3). Reactor 2 may contain the required catalyst; alternatively,
the catalyst can be fed to the reactor 2 by a separate line (not shown) or may be co-fed with the LMW-PLA via line 1.
[0054] The crude lactide vapour product stream 3 enters a rectification column 4 that is mounted onto the reactor 2
such that the reactor 2 and the column 4 form a single enclosed area. The crude lactide vapour product stream 3 enters
the rectification column 4 at the lower end 5 of the column through feed inlet 6. In order to enhance removal of the
produced lactide from the reactor 2 to the column 4, a stream of nitrogen or any other inert gas may be inserted into the
reactor 2 (not shown). The more volatile components of the crude lactide vapour product stream 3 are being enriched
at the upper end 7 of the column 4, whereas less volatile components are enriched at the lower end 5 of the column 4.
As a consequence, in the upper end 7 of the column 4 a first overhead vapour fraction consisting essentially of water,
lactic acid and lactide is established, and a high-boiling fraction consisting essentially of lactide and higher-boiling linear
lactic acid oligomers is established at the lower end 5 of the column 4. The overhead vapour fraction is removed via line
8 and subsequently fed to a condenser or partial condenser 9 which may be located downstream of the rectification
column 4 or may be mounted on top of the rectification column 4. In the (partial) condenser 9 at least the lactide is
condensed to obtain a purified first liquid lactide containing condensate fraction. Preferably, the overhead vapour fraction
is partially condensed such that water and preferably also a major amount of the lactic acid present are left in the vapour
phase and are removed from the (partial) condenser 9 via line 10. The first liquid lactide containing condensate fraction
is removed from the (partial) condenser 9 through line 11. A portion of the first liquid lactide containing condensate
fraction may be refluxed to the rectification column 4 through line 12 in order to obtain efficient separation of the com-
ponents in the crude lactide vapour product stream 3. It is preferred that the refluxed first lactide containing condensate
fraction comprises no water as to prevent occurrence of side-reactions and to maximise lactide yield. As a result of the
reflux, heat exchange may occur between more volatile liquid components, such as water, lactic acid or lactide, and the
less volatile vapour components, such as linear lactic acid oligomers, whereby the more volatile components become
vaporous whereas the less volatile components may liquefy. These liquefied components may travel down the column
to re-enterthe reactor 2 (arrow 13). In the reactor 2 the liquefied components may again participate in the depolymerisation
reaction.

[0055] An optional purge stream 14 comprising LMW-PLA and linear lactic acid oligomers may be removed from the
reactor 2, e.g. to maintain a good quality of the reactor content regarding crude lactide production.

[0056] The first liquid lactide containing condensate fraction may be used directly, but is preferably fed through line
11 to a distillation column 15 through a feed inlet 16 that is located between the top end 17 and the bottom end 18 of
the column 15. In the distillation column 15 temperatures and pressures are operated such that an overhead vapour
fraction comprising mainly lactic acid, a bottom vapour fraction comprising mainly lactide, and a bottom liquid fraction
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below the bottom vapour fraction, comprising mainly lactide and linear lactic acid oligomers, are established. To this
end, preferably a reboiler is present, preferably at the bottom end 18 of the column 15 (not shown). The overhead vapour
fraction comprising mainly lactic acid is removed from the distillation column 15 via line 19 and may subsequently be
fed to a condenser 20 to form a liquid lactic acid containing condensate fraction. A portion of the liquid lactic acid
containing condensate fraction may be refluxed back to the distillation column through line 21 to achieve optimal sepa-
ration of components of the first liquid lactide containing condensate fraction as described above, and the other portion
of the liquid lactic acid containing condensate fraction may be removed from the condenser 20 through line 22 and may
be discarded or may be reused as feed source to be polymerised to LMW-PLA. The bottom liquid fraction may be
removed from the column 15 via line 23 and may be recycled to the reactor 2 to increase the overall lactide yield. The
bottom vapour fraction comprising the purified lactide is removed through line 24 and may subsequently be fed to a
condenser 25 to obtain a second liguid lactide containing condensate fraction, which may be fed to any further purification
system, to any polymerisation system or which may be stored for further processing. Optionally, the second liquid lactide
containing condensate fraction may be fed through line 26 to any type of system 27 wherein the lactide containing
fraction is contacted with the solid scavenger material to further remove carboxylic acid and/or hydroxyl containing
compounds.

[0057] Alternatively, the bottom vapour fraction comprising the purified lactide may be removed from the column 15
via line 29 and may be fed to any type of system 27 wherein the lactide containing fraction is contacted with solid
scavenger material to further remove carboxylic acid and/or hydroxyl containing compounds.

[0058] From the system 27 the lactide comprising fraction can be recovered by separation of the lactide comprising
fraction from the solid scavenger material, e.g. by simple filtration. The lactide comprising fraction may now be removed
via line 28 and may be stored or fed to any following system.

[0059] The following examples are presented to further illustrate specific embodiments of the present invention and
are not in any way to be interpreted as being limiting.

[0060] The water content was determined by Karl-Fischer titration. The free acid content was determined by potenti-
ometrictitration. Unless otherwise indicated, the molecularweight of polylactic acid was determined by GPC incomparison
with polystyrene standard. Lactic acid, lactides and lactic acid species that include linear lactic acid oligomers and
(volatile) by-products generated during the depolymerisation of LMW-PLA were determined by HPLC. Some of the
samples were analysed by NMR. Analyses were performed according to standard procedures known in the art.

Example 1. Molecular weight polylactic acid versus lactic acid impurities

[0061] The molecular weight of polylactic acid is controlled by the amount of hydroxylic impurities in lactide. Lactide
with different concentrations of lactic acid and oligomers of lactic acid (meq/kg) was polymerised to polylactic acid to
show the effect of these impurities on the molecular weight. The polymerisation was carried out at 180 °C with 0.1 wt.
% stannous octoate as the catalyst under inert atmosphere.

Lactic acid impurities (meg/kg) | Molecular weight (Mn, g/mol)
10 111,200
13 79,300
18 48,600
43 23,300
60 15,300
121 13,200

Example 2. Crude lactide

[0062] Low molecularweight poly(L-lactic acid) (250-300 g) was placed in a specifically designed laboratory distillation
set-up for the production of crude lactide. This set-up consists of a 3-neck flask (500 ml) with large magnetic stir bar and
heated oil bath (210-230°C), a vigreux column wrapped with a controlled heating tape (140-170°C), insulation tape and
3-flask sample collection system at room temperature. A vacuum of 30 mbar was maintained for production and evap-
oration of the crude lactide. A distillation fraction of crude lactide was collected for 1-2 hours. The solidified crude lactide
fraction was retained for analysis for free acid, water and composition. The composition of the analysed crude lactide
is given in the table below, together with the molecular weight of the low molecular weight polylactic acid. As can been
seen from the free acid content, and water content, a high molecular weight polylactic acid can not directly, without
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further purification, be obtained from crude lactide.

Example 2-1 2-2 2-3 2-4

Mn PLA g/mol 1120 1870 2050 1970
Mw PLA g/mol 5440 5110 5230 -
Catalyst - stannous octoate | stannous octoate | stannous octoate | zinc stearate
Amount of catalyst wt.% 0.2 0.2 0.2 0.1

Crude lactide

Free acid meg/kg 840 1940 1240 510
Water ppm 1650 6000

L-lactide (incl. D-lactide) wt.% 86.2 70.3 77.2 81.6
Meso-lactide wt.% 3.9 4.5 5.8 9.1

Lactic acid wt.% 2.7 9.9 7.9 3.7
Lactic acid species wt.% 7.2 15.3 9.1 5.6

Example 3. Crude lactide

[0063] Crude lactide was continuously produced in a stirred tank reactor by feeding continuously low molecular weight
poly(D,L-lactic acid). The produced vapour crude lactide entered a column with a partial condenser. The column was
directly mounted on the reactor. At the top of the column, after the condenser, water, lactic acid and some lactide(s)
were removed. At a lower point of the column the liquefied crude lactide fraction was removed. This fraction was analysed.
The reaction mass, that was 26 kg, the temperature and the pressure were kept constant during the process. In the
table given below the results of the continuously crude lactide production are given.

Example 3-1 3-2 3-3 3-4 3-5
Mn PLA2 g/mol 380 560 560 530 530
Temperature °C 215 235 230 245 215
Pressure mbara 22 50 50 60 60
Catalyst - stannous oxide | none | stannous oxide | none | stannous oxide
Amount of catalyst | wt.% 0.1 0.1 0.1
Crude lactide rate kg/h 17 10.5 27 7.0 9.5

Crude lactide

Water ppm 4600
Lactide wt.% 78.3 76.6 82.9 81.3 89.7
Lactic acid wt.% 10.9 4.6 2.7 12.6 6.0
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(continued)
Example 3-1 3-2 3-3 3-4 3-5
Lacticacidspecies | wt.% 10.9 18.8 14.4 6.2 43

2 Determined by NMR.

Example 4.Continuous production and rectification of crude lactide: rectified lactide

[0064] Vaporous crude lactide was continuously produced in a falling film evaporator by continuously feeding low
molecular weight poly(L-lactic acid). The catalyst used was stannous octoate and its concentration in the reaction mixture
was about 0.1 wt.%. The produced vaporous crude lactide was directly entered into a rectification column in which a
separation was established between the higher boiling components in crude lactide, such as the linear dimer of lactic
acid and higher oligomers of lactic acid and the lower boiling components in crude lactide, like water, lactic acid, lactide
and volatile by-products, by refluxing a part of the top product back to the column. On top of the column a partial
condensation was applied.

[0065] In this way three different fractions can be identified; (1) a liquid bottom fraction that contains lactide and the
oligomers of lactic acid, (2) a vaporous top fraction that contains most of the water and some lactic acid and lactide, (3)
a liquid top fraction, called rectified lactide, that contains mostly lactic acid and lactide. The operation pressure was 25
mbara and the reflux ratio was about 0.5. The top vapour temperature was about 141-142 °C and the partial condensed
vapour temperature about 103-105 °C. The liquid top fraction, called rectified lactide, was analysed for the free acid
content and the different components like lactic acid, lactide(s), and lactic acid species. The term lactic acid species
refers to the linear dimer and higher oligomers of lactic acid as well as (volatile) by-products formed during the depolym-
erisation of low molecular weight polylactic acid. Due to the volatility of the latter by-products, these were concentrated
in the top of the column. The rectification column was packed with structured packing material in order to enhance
contact between the vapour and the liquid and to minimize the liquid hold-up.

[0066] As can been seen from the free acid content, a high molecular weight polylactic acid cannot directly, without
further purification, be obtained from the produced rectified lactide.

Example - 4-1 4-2 4-5
Mn PLA g/mol 1380 | 1100 | 1540
Mw PLA g/mol 4170 | 3110 | 3420
Reactor temperature °C 220 214 217
Rectified lactide kg/h 65 67 65
Free acid meqg/kg | 360 395 327
L-lactide (incl. D-lactide) | wt.% 83.9 | 83.7 | 883
Meso-lactide wt.% 13.8 | 125 9.6
Lactic acid wt.% 1.8 3.0 1.6
Lactic acid species wt.% 0.5 0.7 0.6

Example 5. Continuous distillation of rectified lactide

[0067] Rectified lactide was continuously purified in a distillation column having a top stream and a bottom stream. In
the top stream lactic acid and volatile lactic acid species were concentrated, inthe bottom stream lactide was concentrated.
The distillation column was packed with structured packing material in order to enhance contact between the vapour
and the liquid and to minimise the liquid hold-up. The top pressure was 25 mbar and the reflux ratio applied was 6. The
top vapour temperature was about 128 °C and the bottom temperature 152 °C.

[0068] The different streams were analysed for the free acid content and the different components like, lactic acid,
lactide(s), and lactic acid species. The term lactic acid species refers to the linear dimer and higher oligomers of lactic
acid as well as (volatile) by-products formed during the depolymerisation of low molecular weight polylactic acid. Due
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to the volatility of the latter by-products, these were concentrated in the top of the column.
[0069] As can been seen from the free acid content, a high molecular weight polylactic acid can not directly, without
further purification, be obtained from the bottom product stream of the distillation.

Feedstream | Bottom stream
Lactic acid wt.% 2.6 0
Meso-lactide wt.% 10.4 3.0
L-lactide (incl. D-lactide wt.% 85.7 96.4
Lactic acid species wt.% 1.3 0.6
Free acid meg/kg 315 37
Flow ka/h 67 54

Example 6. Continuous distillation of rectified lactide with vapour side stream

[0070] 65 kg/h rectified lactide was continuously purified in a distillation column having a top stream, a liquid bottom
stream and a vapour side stream. In the top stream lactic acid and volatile lactic acid species were concentrated, in the
bottom stream lactide and oligomers of lactic acid were concentrated. The vapour side stream contained lactide that is
almost free of lactic acid and oligomers of lactic acid and could directly, without further purification, be polymerised to
high molecular weight polylactic acid. The distillation column was packed with structured packing material in order to
enhance contact between the vapour and the liquid and to minimize the liquid hold-up. The reflux ratio applied was 4.
The top pressure was 25 mbar and the top vapour temperature about 127 °C. The bottom temperature was about 144 °C.
[0071] The different streams were analysed for the free acid content and the different components such as lactic acid,
lactide(s), and lactic acid species. The term lactic acid species refers to the linear dimer and higher oligomers of lactic
acid and (volatile) by-products formed during the depolymerisation of low molecular weight polylactic acid. Due to the
volatility of the latter by-products, these were concentrated in the top of the column.

Feedstream | Bottom stream | Vapourside stream | Top stream
Lactic acid wt.% 1.8 0 0 8.6
Meso-lactide wt.% 13.7 5.6 7.9 41.8
L-lactide (incl. D-Lactide) wt.% 83.6 93.1 91.6 44.9
Lactic acid species wt.% 0.9 1.3 0.6 4.7
Free acid meag/kg 337 157 19 1428

[0072] The lactide of the vapour side stream was polymerised to high molecular weight polylactic acid. Some properties
of the produced polymer are given in the table below.

Mn g/mol | 101,200
Mw g/mol | 189,400

MWD | - 1.87

Example 7. Continuous distillation of rectified lactide with vapour side stream

[0073] 67 kg/h rectified lactide was continuously purified in a distillation column having a top stream, a liquid bottom
stream and a vapour side stream. In the top stream lactic acid and volatile lactic acid species were concentrated, in the
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bottom stream lactide and oligomers of lactic acid were concentrated. The vapour side stream contained lactide that
was substantially free of lactic acid and oligomers of lactic acid and could directly, without further purification, be poly-
metrised to high molecular weight polylactic acid. The distillation column was packed with structured packing material in
order to enhance contact between the vapour and the liquid and to minimise the liquid hold-up. The reflux ratio applied
was 4. The top pressure was 25 mbar and the top vapour temperature about 127 °C. The bottom temperature was about
146 °C.

[0074] The different streams were analysed for the free acid content and the different components such as lactic acid,
lactide(s), and lactic acid species. The term lactic acid species refers to the linear dimer and higher oligomers of lactic
acid and (volatile) by-products formed during the depolymerisation of low molecular weight polylactic acid. Due to the
volatility of the latter by-products, these were concentrated in the top of the column.

Feedstream | Bottom stream | Vapourside stream | Top stream
Lactic acid wt.% 3.1 0 11.7
Meso-Lactide wt.% 12.6 4.3 5.6 31.4
L-lactide (incl. D-Lactide) wt.% 83.6 93.4 94.4 54.8
Lactic acid species wt.% 0.8 2.3 0.6 2.2
Free acid mea/kg 401 126 9.9 2020

[0075] The lactide of the side vapour stream is polymerised to high molecular weight polylactic acid. Some properties
of the produced polymer are given in the table below. The molecular weight of the polylactic acid is determined by GPC
in comparison with polystyrene standard.

Mn g/mol | 107,600
Mw g/mol | 196,800
MWD | - 1.83

Example 8. Continuous distillation of rectified lactide with vapour side stream

[0076] 67 kg/h rectified lactide was continuously purified in a distillation column having a top stream, a liquid bottom
stream and a vapour side stream. In the top stream lactic acid and volatile lactic acid species were concentrated, in the
bottom stream lactide and oligomers of lactic acid were concentrated. The vapour side stream contained lactide that
was substantially free of lactic acid and oligomers of lactic acid and could be polymerised to high molecular weight
polylactic acid. The distillation column was packed with structured packing material in order to enhance contact between
the vapour and the liquid and to minimise the liquid hold-up. The reflux ratio applied was 6. The top pressure was 25
mbar and the top vapour temperature about 126 °C. The bottom temperature was about 153 °C.

[0077] The different streams were analysed for the free acid content and the different components such as lactic acid,
lactide(s), and lactic acid species. The term lactic acid species refers to the linear dimer and higher oligomers of lactic
acid and (volatile) by-products formed during the depolymerisation of low molecular weight polylactic acid. Due to the
volatility of the latter by-products, these were concentrated in the top of the column.

Feedstream | Bottom stream | Vapourside stream | Top stream
Lactic acid wt.% 2.2 0 0 9.0
Meso-Lactide wt.% 18.8 4.9 8.2 61.8
L-lactide (incl. D-Lactide) wt.% 76.7 92.0 91.0 21.5
Lactic acid species wt.% 24 3.1 0 7.7
Free acid meag/kg 419 239 15.7 2135
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[0078] The lactide of the side vapour stream was polymerisedto high molecular weight polylactic acid. Some properties
of the produced polymer are given in the table below. The molecular weight of the polylactic acid is determined by GPC
in comparison with polystyrene standard.

Mn g/mol | 92,400
Mw g/mol | 170,800
MWD | - 1.85

Example 9. Continuous distillation of rectified lactide with vapour side stream

[0079] 65 kg/h rectified lactide was continuously purified in a distillation column having a top stream, a liquid bottom
stream and a vapour side stream. In the top stream lactic acid and volatile lactic acid species were concentrated, in the
bottom stream lactide and oligomers of lactic acid were concentrated. The vapour side stream contained lactide that
was substantially free of lactic acid and linear lactic acid oligomers and could directly, without further purification, be
polymerised to high molecular weight polylactic acid. The distillation column was packed with structured packing material
in order to enhance contact between the vapour and the liquid and to minimise the liquid hold-up. The reflux ratio applied
was 6. The top pressure was 25 mbar and the top vapour temperature about 128 °C. The bottom temperature was about
1563 °C.

[0080] The different streams were analysed for the free acid content and the different components such as lactic acid,
lactide(s), and lactic acid species. The term lactic acid species refers to the linear dimer and higher oligomers of lactic
acid and (volatile) by-products formed during the depolymerisation of low molecular weight polylactic acid. Due to the
volatility of the latter by-products, these were concentrated in the top of the column.

Feedstream | Bottom stream | Vapour side stream
Lactic acid wt.% 2.1 0 0
Meso-Lactide wt.% 11.6 2.9 3.7
L-lactide (incl. D-Lactide) wt.% 83.0 94.8 96.1
Lactic acid species wt.% 2.3 2.4 0.2
Free acid meag/kg 382 145 13.2

Example 10. Acid scavenging

[0081] Lactide with an acid content of 83 meg/kg was purified with an acid scavenging material. The acid scavenging
material used was a powder of a glycidylmethacrylate based resin. The scavenging process was cartied out at 130 °C
with 5 wt.% of scavenging material. After 30 minutes the acid content had decreased to 40 meq/kg and after 90 minutes
to 11 meg/kg. Such acid level is low enough in order to obtain high molecular weight polylactic acid.

Example 11. Acid scavenging

[0082] Lactide produced accordingto example 4 and 6 was further purified by re-circulating the lactide through a fixed
bed filled with acid scavenging material. The acid scavenging material used was a powder of a glycidylmethacrylate
based resin. The starting material was 600 kg lactide with a free acid content of 16.0 meg/kg. The amount of acid
scavenging material used was 5 kg (0.8 wt.%). The temperature of the batch-wise scavenging process was kept around
120°C. After 2 hours the acid content was reduced to 13.7 meg/kg. After the packed bed, the free acid content of the
lactide was found to be 2.5 meg/kg.

Claims

1. A process for the purification of lactide from a crude lactide vapour product stream comprising at least said lactide,
lactic acid, water and linear lactic acid oligomers, said crude lactide vapour product stream being produced by
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depolymerisation of low molecular weight polylactic acid in a reactor, which process comprises the steps of:

(a) feeding said vapour product stream to a rectification column having a feed inlet at the lower end of the
column and an overhead vapour outlet at the upper end of the column, through the said feed inlet, said column
being mounted onto the reactor such that components from the vapour product stream liquefying within the
column are allowed to flow back into the reactor;

(b) establishing at the upper end of the column a first overhead vapour fraction consisting essentially of water,
lactic acid and lactide, and at the lower end of the column a high-boiling fraction consisting essentially of lactide
and higher-boiling linear lactic acid oligomers;

¢) condensing from said first overhead vapour fraction by means of a condenser at least the lactide to obtain a
first liquid lactide containing condensate fraction;

(d) removing the first liquid lactide containing condensate fraction.

A process according to claim 1, wherein step ¢) comprises partially condensing said first overhead vapour fraction,
such that at least the water is left in the vapour phase and removed from the condenser.

A process according to claims 1 or 2, wherein step ¢) comprises partially condensing said first overhead vapour
fraction, such that at least the water and a major amount of the lactic acid are left in the vapour phase and removed
from the condenser.

A process according to any of the preceding claims, wherein said first liquid lactide containing condensate fraction
comprises atleast 90 wt. % lactide and 0-10 wt.% lactic acid, preferably atleast 96 wt.% lactide and 0-4 wt.% lactic acid.

A process according to any of the preceding claims, wherein the first liquid lactide containing condensate fraction
of step d) is subjected to one or more distillation steps.

A process according to claim 5, wherein said one or more distillation steps comprise the steps of:

(i) feeding the first liquid lactide containing condensate fraction into a distillation column, the column having a
bottom end and a top end and a feed inlet between said bottom end and top end, the column further comprising
a second overhead vapour outlet at the top end of the column, a liquid outlet at the bottom end and a vapour
side outlet located between the feed inlet and the liquid outlet;

(ii) establishing

- a second overhead vapour fraction comprising lactic acid in the top end of the column,

- a bottom vapour fraction comprising lactide in the bottom end of the column, and

- abottom liquid fraction below the bottom vapour fraction comprising lactide and linear lactic acid oligomers;
(iremoving second overhead vapour fraction through the overhead vapour outlet;
(i) removing bottom vapour fraction through the vapour side outlet;

(iv)removing bottom liquid fraction at the liquid outlet.

A process according to claim 6, further comprising the step of (vi) condensing the bottom vapour fraction comprising
lactide obtained in step (iv) to obtain a second lactide containing condensate fraction.

A process according to claims 6 or 7, wherein the bottom vapour fraction and/or the second lactide containing
condensate comprise at least 99 wt.%, preferably at least 99.5 wt.%, lactide.

A process according to any of claims 6-8, wherein the bottom liquid fraction is recycled to the reactor.
A process according to any of the preceding claims, said process further comprising the step of removing carboxylic
acid and/or hydroxyl containing compounds in any of the lactide comprising fractions obtained in step (d), (iv), (v)

or (vi).

A process according to claim 11, wherein said removing carboxylic acid and/or hydroxyl containing compounds in
the lactide fraction obtained in step (d), (iv), (v) or (vi) comprises the steps of:

|. contacting any of the lactide comprising fractions obtained in step (d), (iv), (v) or (vi) with a solid scavenger
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material comprising at least one functional moiety capable of forming a covalent bond with one or more carboxylic
acid and/or hydroxyl containing compounds optionally present in said lactide comprising fraction, thereby al-
lowing the at least one functional moiety of the scavenger material to selectively react with the one or more
carboxylic acid and/or hydroxyl containing compounds optionally present in said lactide comprising fraction to
form a covalent bond therewith;

Il. separating the scavenger material with bound carboxylic acid and/or hydroxyl containing compounds from
the lactide comprising fraction to obtain a substantially purified lactide comprising fraction.

A process according to claim 12, wherein the at least one functional moiety of the solid scavenger material is selected
from the group, consisting of epoxy, amine, amide, cyano and anhydride moieties.

A process according to any of the preceding claims, that is conducted in a continuous manner.
A process according to any of the preceding claims, that is conducted under reduced pressure.

A process according to any of the preceding claims, that is conducted under pressures in the range of 10-100 mbar,
preferably of 20-50 mbar.

Patentanspriiche

1.

Verfahren zum Reinigen von Lactid aus einem dampfférmigen Rohlactid-Produktstrom, umfassend mindestens das
Lactid, Milchs&ure, Wasser und lineare Milchs&ure-Oligomere, wobei der dampfférmige Rohlactid-Produktstrom
durch Depolymerisieren von Polymilchs&ure mit niedrigem Molekulargewicht in einem Reaktor erzeugt wird und
das Verfahren die folgenden Schritte umfaft:

(a) Zufuhren des dampfférmigen Produktstromes zu einer Rektifizierkolonne, die einen Zuflihrungseinlal® am
unteren Ende der Kolonne und einen KopfdampfauslaB am oberen Ende der Kolonne aufweist, durch den
ZuflihrungseinlaBB, wobei die Kolonne auf dem Reaktor angebracht ist, derart, da Komponenten aus dem
dampfférmigen Produktstrom, die sich innerhalb der Kolonne verfliissigen, erméglicht wird, in den Reaktor
zurlickzuflieBen;

(b) Bilden an dem oberen Ende der Kolonne einer ersten dampfférmigen Kopffraktion, die im wesentlichen aus
Wasser, Milchsaure und Lactid besteht, und an dem unteren Ende der Kolonne einer hochsiedenden Fraktion,
die im wesentlichen aus Lactid und hdhersiedenden linearen MilchsdureOligomeren besteht;

(c) Kondensieren aus der ersten dampfférmigen Kopffraktion mittels eines Kondensators mindestens des Lac-
tids, um eine erste flissige lactidhaltige Kondensatfraktion zu erhalten;

(d) Entfernen der ersten flissigen lactidhaltigen Kondensatfraktion.

Verfahren nach Anspruch 1, wobei Schritt ¢) das teilweise Kondensieren der ersten dampfférmigen Kopffraktion
umfaBt, derart, daB mindestens das Wasser in der Dampfphase verbleibt und aus dem Kondensator entfernt wird.

Verfahren nach Anspruch 1 oder 2, wobei Schritt ¢) das teilweise Kondensieren der ersten dampfférmigen Kopf-
fraktion umfaBt, derart, daB mindestens das Wasser und eine wesentliche Menge der Milchséure in der Dampfphase
verbleiben und aus dem Kondensator entfernt werden.

Verfahren nach einem der vorhergehenden Anspriiche, wobei die erste flissige lactidhaltige Kondensatfraktion
mindestens 90 Gew.% Lactid und 0 bis 10 Gew.% Milchs&ure, vorzugsweise mindestens 96 Gew.% Lactid und 0
bis 4 Gew.% Milchsaure, umfaf3t.

Verfahren nach einem der vorhergehenden Anspriiche, wobei die erste fllissige lactidhaltige Kondensatfraktion von
Schritt d) einem oder mehreren Destillationsschritten unterworfen wird.

Verfahren nach Anspruch 5, wobei der eine oder die mehreren Destillationsschritte die folgenden Schritte umfassen:
(i) Zufiihren der ersten flissigen lactidhaltigen Kondensatfraktionin eine Destillationskolonne, wobei die Kolonne
ein Sumpf-Ende und ein Kopf-Ende und einen ZufihrungseinlaB zwischen dem Sumpf-Ende und dem Kopf-

Ende aufweist, die Kolonne ferner einen zweiten KopfdampfauslaB am Kopf-Ende der Kolonne, einen Flissig-
keitsauslaB am Sumpf-Ende und einen seitlichen DampfauslaB, der sich zwischen dem Zuflihrungseinlal3 und
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dem FlissigkeitsauslaB befindet, umfaBt;
(i) Bilden

- einer zweiten dampfférmigen Kopffraktion, die Milchséure umfaft, in dem Kopf-Ende der Kolonne,

- einer dampfférmigen Sumpffraktion, die Lactid umfafBt, in dem Sumpf-Ende der Kolonne und

- einer flussigen Sumpffraktion unter der dampfférmigen Sumpffraktion, die Lactid und lineare Milchséaure-
Oligomere umfaft;

(i) Entfernen der zweiten dampfférmigen Kopffraktion durch den Kopfdampfauslaf;
(iv) Entfernen der dampfférmigen Sumpffraktion durch den seitlichen Dampfauslafi3;
(v) Entfernen der flussigen Sumpffraktion am Flissigkeitsauslali.

Verfahren nach Anspruch 6, ferner umfassend den Schritt (vi) des Kondensierens der dampfférmigen Sumpffraktion,
die Lactid umfaft und in Schritt (iv) erhalten wird, um eine zweite lactidhaltige Kondensatfraktion zu erhalten.

Verfahren nach Anspruch 6 oder 7, wobei die dampfférmige Sumpffraktion und/oder das zweite lactidhaltige Kon-
densat mindestens 99 Gew.%, vorzugsweise mindestens 99,5 Gew.%, Lactid umfassen/umfaft.

Verfahren nach einem der Anspriche 6 bis 8, wobei die fllissige Sumpffraktion zu dem Reaktor zuriickgefiihrt wird.

Verfahren nach einem der vorhergehenden Anspriiche, wobei das Verfahren ferner den Schritt des Entfernens von
Carbonséure- und/oder hydroxylhaltigen Verbindungen in einer der Lactid umfassenden Fraktionen, die in Schritt
(d), (iv), (v) oder (vi) erhalten wird, umfaBt.

Verfahren nach Anspruch 10, wobei das Entfernen von Carbonséure- und/oder hydroxylhaltigen Verbindungen in
der Lactidfraktion, die in Schritt (d), (iv), (v) oder (vi) erhalten wird, die folgenden Schritte umfaft:

I. Inkontaktbringen einer der Lactid umfassenden Fraktionen, die in Schritt (d), (iv), (v) oder (vi) erhalten wird,
mit einem festen Abfangmaterial, das mindestens eine funktionelle Gruppe umfaBt, die fahig ist, mit einer oder
mehreren Carbonséure- und/oder hydroxylhaltigen Verbindungen, die gegebenenfalls in der Lactid umfassen-
den Fraktion gegenwartig sind, eine kovalente Bindung auszubilden, wodurch erméglicht wird, daB die minde-
stens eine funktionelle Gruppe des Abfangmaterials selektiv mit der einen oder den mehreren Carbonséure-
und/oder hydroxylhaltigen Verbindungen, die gegebenenfalls in der Lactid umfassenden Fraktion gegenwaértig
sind, unter Ausbildung einer kovalenten Bindung reagiert;

Il. Trennen des Abfangmaterials mit gebundenen Carbonséure- und/oder hydroxylhaltigen Verbindungen von
der Lactid umfassenden Fraktion, um eine im wesentlichen gereinigte, Lactid umfassende Fraktion zu erhalten.

Verfahren nach Anspruch 11, wobei die mindestens eine funktionelle Gruppe des festen Abfangmaterials aus der
Gruppe ausgewahlt ist, die aus Epoxid-, Amin-, Amid-, Cyano- und Anhydridgruppen besteht.

Verfahren nach einem der vorhergehenden Anspriiche, das in einer kontinuierlichen Weise durchgefiihrt wird.
Verfahren nach einem der vorhergehenden Anspriiche, das unter vermindertem Druck durchgeflihrt wird.

Verfahren nach einem der vorhergehenden Anspriiche, das unter Driicken in dem Bereich von 10 bis 100 mbar,
vorzugsweise von 20 bis 50 mbar, durchgefiihrt wird.

Revendications

Procédé de purification d’un lactide & partir d’'un courant d’'un produit en phase vapeur de lactide brut comprenant
au moins ledit lactide, de I'acide lactique, de I'eau et des oligomeéres linéaires d’acide lactique, ledit courant de
produit en phase vapeur de lactide brut étant obtenu par dépolymérisation d’un polyacide lactique de bas poids
moléculaire dans un réacteur, le procédé comprenant les étapes qui consistent a:

a) alimenter ledit courant de produit en phase vapeur dans une colonne de rectification comportant un canal

d’alimentation a 'extrémité inférieure de lacolonne et un canal de sortie de vapeur de téte a 'extrémité supérieure
de lacolonne, ladite colonne étant montée sur le réacteur de fagon a ce que les composants dus a la liquéfaction
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du courant de produit de vapeur dans la colonne puissent retourner dans le réacteur;

b) préparer, a 'extrémité supérieure de la colonne, une premiere fraction vapeur de téte composée essentiel-
lementd’eau, d’acide lactique et de lactide et, a I'extrémité inférieure de la colonne, une fraction a point d’ébullition
élevé composée essentiellement de lactide et d’oligoméres d’acide lactique a point d’ébullition plus élevé;

¢) condenser, a partir de ladite premiére fraction vapeur de téte et au moyen d’un condenseur, au moins le
lactide pour obtenir une premiére fraction de condensé liquide contenant le lactide;

d) éliminer la premiére fraction de condensé liquide contenant le lactide.

Procédé selon la revendication 1, ou I'étape ¢) comprend une condensation partielle de ladite premiére fraction
vapeur de téte de fagon a ce que 'eau au moins demeure dans |la phase vapeur et soit éliminée du condenseur.

Procédé selon les revendications 1 ou 2, ou I'étape c) comprend une condensation partielle de ladite premiére
fraction vapeur de téte de fagon & ce que 'eau au moins et une majeure partie de I'acide lactique demeurent dans
la phase vapeur et soient éliminées du condenseur.

Procédé selon I'une quelconque des revendications précédentes, ou la premiére fraction de condensé liquide con-
tenant le lactide comprend au moins 90 % en poids de lactide et 0-10 % en poids d’acide lactique, et préférablement
au moins 96 % en poids de lactide et 0-4 % en poids d’acide lactique.

Procédé selon 'une quelconque des revendications précédentes, ou la premiére fraction de condensé liquide con-
tenant le lactide de I'étape d) est soumise a une ou plusieurs étapes de distillation.

Procédé selon la revendication 5, ou ladite ou lesdites une ou plusieurs étapes de distillation comprend ou com-
prennent les étapes consistant a:

(i) alimenter la premiere fraction de condensé liquide contenant le lactide dans une colonne de distillation, la
colonne présentant une extrémité inférieure et une extrémité supérieure et un canal d’alimentation entre lesdites
extrémités inférieure et supérieure et la colonne comprenant également un second canal de sortie de vapeur
de téte a son extrémité supérieure, un canal de sortie de liquide a son extrémité inférieure et un canal latéral
de sortie de vapeur situé entre le canal d’alimentation et le canal de sortie de liquide;

(ii) préparer

- une seconde fraction vapeur de téte comprenant 'acide lactique a I'extrémité supérieure de la colonne,
- une fraction vapeur de queue comprenant le lactide & I'extrémité inférieure de la colonne et

- une fraction liquide de queue en dessous de la fraction vapeur de queue comprenant le lactide et des
oligoméres linéaires d’acide lactique;

(iii) éliminer la seconde fraction vapeur de téte par I'intermédiaire du canal de sortie de vapeur de téte;
(iv) éliminer la fraction vapeur de queue par I'intermédiaire du canal latéral de sortie de la vapeur;
(v) éliminer la fraction liquide de queue par l'intermédiaire du canal de sottie de liquide.

Procédé selon la revendication 6, qui comprend également I'étape (vi) qui consiste a condenser la fraction vapeur
de queue comprenant le lactide obtenu a I'étape (iv) pour obtenir une seconde fraction de condensé contenant le
lactide.

Procédé selon les revendications 6 ou 7, ou la fraction vapeur de queue et/ou le second condensé contenant le
lactide comprennent au moins 99 % en poids, et préférablement au moins 99,5 % en poids, de lactide.

Procédé selon I'une quelconque des revendications 6-8, ou la fraction liquide de queue est recyclée dans le réacteur.
Procédé selon I'une quelconque des revendications précédentes, ledit procédé comprenant également I'étape qui
consiste a éliminer les composés qui contiennent des groupements acide carboxylique et/ou hydroxyle de 'une
quelconque des fractions qui comprennent le lactide obtenues a I'étape (d), (iv), (v) ou (vi).

Procédé selon la revendication 10, ou ladite élimination des composés qui contiennent des groupements acide

carboxylique et/ou hydroxyle de la fraction de lactide obtenue a I'étape (d), (iv), (v) ou (vi) comprend les étapes
consistant a:
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I. mettre en contact 'une quelconque des fractions qui comprennent le lactide obtenues a I'étape (d), (iv), (v)
ou (vi) avec un matériel piégeur solide comprenant au moins un fragment fonctionnel capable de former une
liaison covalente avec un ou plusieurs composés qui contiennent des groupements acide carboxylique et/ou
hydroxyle éventuellement présents dans ladite fraction comprenant le lactide, permettant & 'au moins un frag-
ment fonctionnel du matériel piégeur de réagir sélectivement avec un ou plusieurs des composés quicontiennent
des groupements acide carboxylique et/ou hydroxyle éventuellement présents dans ladite fraction comprenant
le lactide pour former une liaison covalente avec celui ou ceux-ci;

Il. séparer le matériel piégeur portant un ou plusieurs des composés qui contiennent des groupements acide
carboxylique et/ou hydroxyle présents dans ladite fraction comprenant le lactide pour obtenir une fraction com-
prenant le lactide essentiellement purifiée.

Procédé selon la revendication 11, ol le un au moins fragment fonctionnel du matériel piégeur solide est sélectionné
dans le groupe consistant en un fragment époxy, amine, amide, cyano et anhydride.

Procédé selon 'une quelconque des revendications précédentes, qui est effectué en mode continu.
Procédé selon 'une quelconque des revendications précédentes, qui est effectué sous pression réduite.

Procédé selon 'une quelconque des revendications précédentes, qui est effectué a une pression comprise entre
10-100 mbar, et préférablement entre 20-50 mbar
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