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Description

[0001] The present invention relates to a method of industrial-scale purification of lactic acid and to chirally extremely
pure products which can be obtained via this method and to uses thereof.
[0002] Lactic acid is generally sold as a dilute or concentrated solution, since lactic acid has a strong tendency to
form intermolecular esters (dimeric and polymeric lactic acid). Furthermore, lactic acid (even highly pure lactic acid) is
strongly hygroscopic. Industrial-scale purification of lactic acid (the racemic mixture and in particular the enantiomers
of lactic acid) is a complicated and laborious process according to the prior art.
[0003] It is known to prepare lactic acid, or 2-hydroxypropionic acid, by way of fermentation. In general, the fermen-
tative preparation of lactic acid first of all comprises a fermentation step in which a carbohydrate-containing substrate
such as glucose or sucrose is converted to lactic acid by a suitable microorganism. Known microorganisms producing
(S)-lactic acid are various bacteria of the genus Lactobacillus, for example Lactobacillus casei. Also known, apart from
these, are microorganisms which selectively produce (R)-lactic acid. The aqueous fermentation product is then worked
up so that lactic acid is obtained. The customary industrial work-up route generally consists of the removal of the
biomass, followed by acidification, purification and concentration.
[0004] In the case of (S)-lactic acid, the lactic acid thus obtained is sufficiently pure for incorporation into comestibles
for human consumption. (S)- or (R)-lactic acid which is ultimately obtained by means of this customary method can
have an enantiomeric purity of 98% or even higher (i.e. at 98% or more of the lactic acid present consists of the (S)-
or (R)-enantiomer). However, the product still contains residual sugars and other impurities. Moreover, the product has
a yellow colour and, when heated, turns brown or even black, due to decomposition of impurities. Furthermore, the
product has an unpleasant odour. In addition. in the case of (S)-lactic acid, the organoleptic properties are often un-
satisfactory. The lactic acid enantiomer is therefore moderately suitable for use in foods, but entirely unsuitable for
pharmaceutical applications and in syntheses of chiral compounds.
[0005] By means of esterification followed by hydrolysis, the purity of the product can be increased, so that it is
suitable for pharmaceutical applications. As a result of this csterification/hydrolysis the enantiomeric purity decreases.
however, and the lactic acid still contains a small amount of the alcohol used in the esterification. Examples of other
methods of purifying lactic acid comprise subjecting aqueous solutions of lactic acid to one or more extraction, (steam)
distillation and/or evaporation steps, electrodialysis steps and crystallizations (see e.g. Ullmans Encyklopädie der Tech-
nischen Chemie, Verlag Chemie GmbH, Weinheim, Fourth Edition, Volume 17. pp. I - 7 (1979); H. Benninga "History
of Lactic Acid Making", Kluwer Academic Publishers, Dordrecht - Boston -London (1990); C.H. Holten, "Lactic Acid;
Properties and Chemistry of Lactic Acid and Derivatives", Verlag Chemie GmbH, Weinheim (1971); The Merck Index,
Merck & Co., Inc., eleventh edition, p. 842 (1989); Römmp Chemie Lexicon, G. Thieme Verlag, Stuttgart and New York,
Ninth Edition, Volume 4, pp. 2792 - 2893 (1991) and WO 01/27064 and WO 01/38283.
[0006] The German Patent 593,657 (granted on 15 February 1934) describes a laboratory experiment in which an
aqueous solution of lactic acid which contained an excess of the (S)-component and virtually no lactic anhydride was
concentrated by means of a thin-film evaporation technique, at reduced pressure if required, the lactic acid being
separated in the process from impurities having a boiling point lower than that of lactic acid. Then the concentrated
lactic acid solution was rapidly cooled to form crystals. The crystals were then separated from the mother liquor, washed
with ether and recrystallized a sufficient number of times from ethyl acetate or chloroform or a comparable solvent for
the crystals to exhibit a sharp melting point of 53°C. The total lactic acid content, the content of monomeric lactic acid,
the chiral purity or the enantiomeric excess and the colour are not reported. Moreover, it is obvious to those averagely
skilled in the art that such a method is not suitable for efficient industrial-scale purification, especially given the use of
solvents such as ether, ethyl acetate or chloroform, which are flammable and/or toxic solvents whose use on an in-
dustrial scale is currently not permitted or is subject to very strict standards.
[0007] H. Borsook, H.M. Huffman, Y-P. Liu, J. Biol. Chem. 102,449-460 (1933) describes a laboratory experiment in
which an aqueous mixture which contained 50% lactic acid with an excess of (S)-lactic acid, 30% lactic anhydride and
lactic acid dimer and 15% water, were subjected to fractional distillation at about 0.13 mbar and 105°C. The middle
fraction was subsequently redistilled and then cooled in an ice/salt bath to form a solid mass of crystals. It is stated
that the distillation must be carried out using small amounts, as larger amounts will result in a substantial loss of product,
owing to the long heating time. The solid mass of crystals was then recrystallized three times from an equal volume
of equal quantities of diethyl ether and diisopropyl ether, the crystals were isolated and dried at room temperature in
a vacuum desiccator. Thus it was possible to obtain (S)-lactic acid having a melting point of 52.7° - 52.8°C, which
contained less than 0.1% of impurities such as water, lactic anhydride or lactic acid dimer. Again, the chiral purity and
the colour are not stated here. Moreover, it is obvious to those averagely skilled in the art that this method too is not
suitable for efficient industrial-scale purification.
[0008] L.B. Lockwood, D.E. Yoder, M. Zienty, Ann. N.Y. Acad. Sci. 119, 854 (1965) likewise describe distillation and
crystallization of lactic acid on a laboratory scale, where the melting point of the optically pure lactic acid obtained was
54°C. The colour and other important properties are not reported.
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[0009] In 1934, Boehringer Ingelheim studied the crystallization of lactic acid, but this method was found not to
produce good results, owing to problems with purification and further treatment. After the Second World War, however,
Boehringer Ingelheim proved able to produce lactic acid for pharmaceutical applications on a scale of about 12 to 15
tonnes per month with a yield of about 77 to 86%. This involved purification of an aqueous solution of lactic acid by
means of steam distillation at reduced pressure (about 13 mbar) followed by crystallization at -25°C, the crystals then
being dissolved in water and the solution being treated with potassium ferrocyanide (to remove heavy metals) and
activated carbon. The chiral purity or other properties such as colour and odour of the (S)-lactic acid thus produced
are not known. US 5,641,406 discloses a process for the production and purification of lactic acid by ion exchange. In
column, line 67 - column 2, line , it is further disclosed that cation-free lactic acid solutions can be evaporated or
crystallized.
[0010] Crystalline (S)-lactic acid has been launched onto the market at purities of more than 99% by Fluka and
Sigma, for example, (see, for example, M.L. Buszko, E.R. Andrew, Mol. Phys. 76, 83 - 87 (1992) and T.S. Ing, A.W.
Yu, V. Nagaraja, N.A. Amin, S. Ayache, V.C. Gandhi, J.T. Daugirdas, Int. J. Artif. Organs 17, 70-73 (1994)). Crystalline
(S)-lactic acid having a water content of less than 1% by weight is known from Example 1 of EP-A-563,455. The crystal
structure of lactic acid is described in A. Schouten, J.A. Kanters, J. van Krieken, J. Mol. Struct. 323, 165 - 168 (1994).
[0011] Lactic acid can also be obtained synthetically. This is known. The product of the synthetic preparation ap-
proach, however, is a racemic mixture which therefore contains (S)-lactic acid and (R)-lactic acid in equal amounts.
Whilst the individual enantiomers can be separated by means of known techniques, such as diastereoisomer separation
techniques, one of the enantiomers crystallizing out as a salt and said salt then being reconverted into the enantiomeric
lactic acid, the enantiomeric product ultimately obtained will inevitably still contain significant quantities of the other
enantiomer.
[0012] It has been found that, using the prior art methods, industrial-scale production of lactic acid having a high
chiral and a high chemical purity and; especially for pharmaceutical applications, an acceptable colour and odour is
not possible.
[0013] The invention therefore relates to a method of industrial-scale (i.e. a production capacity of at least 1000
tonnes per annum) purification of lactic acid, the method comprising the steps of:

(a) reduced-pressure distillation of a concentrated lactic acid solution having a total acid content of at least 95 wt%
and a content of monomeric lactic acid of at least 80 wt%, based on the concentrated lactic acid solution, the ratio
between the lactic acid enantiomers in the concentrated lactic acid solution not being equal to 1, to form a lactic
acid concentrate, wherein the concentrated lactic acid solution is obtained from a dilute lactic acid stream produced
by fermentation and
(b) subjecting the tactic acid concentrate to a crystallization to form a pure lactic acid

(i) direct cooling of the lactic acid concentrate in one or more melt crystallizers,
(ii) diluting the lactic acid concentrate with water and effecting crystallization in one or more cooling crystallizers
and/or evaporation crystallizers, and/or
(iii) effecting crystallization in one or more adiabatic crystallizers.

[0014] The total acid content (TA) is the acid content after saponification of intermolecular ester bonds with an excess
of base and is determined by back titration with acid. The total acid content therefore represents the amount of mon-
omeric, dimeric and polymeric lactic acid. The free-acid content (FA) is determined by direct titration with base, i.e.
prior to saponification of the intermolecular ester groups. The monomeric lactic acid content (ML) is defined here as:

provided that TA - FA < 10%. This means that not very much dimeric or polymeric lactic acid must be present. Moreover,
it is assumed that the non-monomeric lactic acid is present in the form of lactoyl lactic acid (dimer).
[0015] Chiral purity (for an excess of (S)-isomer) is defined here as:

[0016] A further object of the invention is to provide a method which is economically attractive and technically feasible
and which, in the case of (S)-lactic acid, also affords a product having excellent organoleptic properties.
[0017] Using the method according to the invention it is possible to obtain a lactic acid product which is both colourless
and chirally pure. The degree of coloration is determined in accordance with ASTM D 5386-93 and is expressed in

ML = TA - 2 3 (TA-FA)

Chiral purity = 100% 3 {[(S)-isomer][(R)-isomer + (S)-isomer]}
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"APHA units". The method is suitable for determining the coloration of clear liquids. A coloration of at most 10 APHA
units means that the liquid in question has a visually imperceptible coloration and, as perceived with the naked eye,
is therefore colourless. The coloration after heating (for about two hours under reflux) is preferably at most 20 APHA
units.
[0018] According to the invention it is preferable for the concentrated lactic acid solution to be distilled under reduced
pressure to form a lactic acid concentrate having a total acid content of at least 98 wt%, preferably at least 99 wt%,
the lactic acid concentrate containing at least 95 wt% monomeric acid, based on the lactic acid concentrate, and a
distillation residue. Preferably, the lactic acid concentrate contains at least 98.5 wt% of monomeric lactic acid. The
chiral purity of the lactic acid concentrate is preferably 90% or more, more preferably 95% or more, and in particular
99% or more. Within the scope of the invention, reduced pressure is to be understood as a pressure in the range of
from 0.1 to 20 mbar, in particular from 0.2 to 10 mbar. The temperature during the distillation under reduced pressure
is preferably from 100 to 200°C, in particular from 110 to 140°C. The distillation under reduced pressure results in the
removal of impurities having a high boiling point, as the lactic acid is obtained as the top product. According to the
invention, this distillation under reduced pressure is carried out, in particular, with the aid of a short-path distillation
apparatus. The distillation under reduced pressure can also be carried out at a pressure of from 0.1 to 20 mbar, in
particular from 2 to 10 mbar, and at a temperature of from 100° to 200°C, in particular a temperature of from 110° to
140°C, the concentrated lactic acid solution preferably being brought into the vapour phase by means of film evapo-
ration, the vapour then being passed to a distillation column. In the process, separation into two fractions occurs under
reflux, the top product containing at least 98 wt% of total acid, preferably at least 99 wt%, and the residue containing
residual sugars and polymeric lactic acid. The top product contains at least 95 wt% of monomeric lactic acid, based
on the lactic acid concentrate. Preferably, the top product contains at least 99.5 wt% of monomeric lactic acid. The
chiral purity of this top product is preferably 90% or more, more preferably 95% or more, and in particular 99% or more.
According to this preferred embodiment, the film evaporation preferably takes place by means of lubricated film evap-
oration, thin-film evaporation and/or falling-film evaporation, the distillation column or columns having a number of trays
of from 1 to 10. Distillation step (a) ensures that lactic acid is separated from components such as residual sugars and
polymeric lactic acid and components which impart a colour to the impure lactic acid. These components or impurities
have a boiling point which is higher than that of lactic acid.
[0019] According to the invention, the concentrated lactic acid solution, prior to distillation step (a), can be passed
over a column containing activated carbon and/or over an ion exchanger, preferably first over the column(s) containing
activated carbon and then over the ion exchanger(s).
[0020] The method of invention furnishes lactic acid or a lactic acid solution having a total acid content of at least 99
wt%, a monomer content of at least 99 wt%, a chiral purity of at least 99% and a colour of at most 10 APHA units, the
lactic acid or the lactic acid solution having an acceptable odour, in particular for pharmaceutical applications. In the
case of a lactic acid solution the solvent is preferably water, although other solvents such as C1-C5 alkanols (methanol,
ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, 2-methyl-1-propanol, 2-methyl-2-propanol, 1-pentanol, 2-pen-
tanol, 3-pentanol, 2-methyl-1-butanol, 2-methyl-2-butanol, 3-methyl-1-butanol, 3-methyl-2-butanol and 2,2-dimethyl-
propanol) are also suitable. The chiral purity is at least 99%, in particular at least 99.5%, which corresponds to 99%
enantiomeric excess ("ee") or higher. The greatest preference is given to lactic acid or the solution thereof whose chiral
purity is at least 99.8% (i.e. at least 99.6% ee). The lactic acid or the lactic acid solution further satisfies the following
characteristics:

h alcohol content: not more than 250 ppm (alcohol is methanol, ethanol or some other alcohol, as the alcohol as
such or in the form of a lactate),

h total nitrogen: not more than 5 ppm,
h total sugar: not more than 100 ppm,
h organic acids (other than lactic acid): not more than 250 ppm.

[0021] The lactic acid or the lactic acid solution represents, in terms of odour, a marked improvement for use in foods
and a higher chemical purity than the products according to the prior art.
[0022] The lactic acid can be both (S)-lactic acid and (R)-lactic acid, depending on the microorganism used in the
fermentation.
[0023] Both the (S)-lactic acid and the (R)-lactic acid or their solutions can very suitably be used, because of their
high chiral purity, for chiral syntheses. The chirally pure (S)-lactic acid or solutions thereof are highly suitable, further-
more, for use in pharmaceutical preparations. The chirally pure lactic acid is particularly suitable, furthermore, for the
production of poly(lactic acid) and/or copolymers with poly(lactic acid).
[0024] The invention therefore also relates to a pharmaceutical preparation comprising the above-described (S)-
lactic acid or the (S)-lactic acid solution.
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Preparation of the concentrated lactic acid solution

[0025] According to the invention, the concentrated lactic acid solution which is subjected to the distillation under
reduced pressure is prepared from a feed which, in principle, can be any lactic-acid-containing stream having a total
acid content of at least 80 wt%, preferably at least 90 wt%, based on the feed stream in total. The content of monomeric
lactic acid of the feed is likewise at least 80 wt% and preferably at least 90 wt%. At the same time, the ratio between
the two lactic acid enantiomers in the feed must not be equal to 1, which means that the lactic-acid-containing feed
stream must not comprise a racemic mixture of lactic acid. One of the two enantiomers should therefore be present in
excess with respect to the other enantiomer. To obtain a chirally pure product it is preferable for the monomeric lactic
acid present in the feed to have a chiral purity of at least 90%, more preferably at least 95% and in particular 99% or
more. In the latter case this means that at least 99% of all the lactic acid (= 100%) present in the feed stream will
consist of (R)- or (S)-lactic acid.
[0026] The feed for the method according to the invention can be obtained in various ways. In the case of the synthetic
preparation of lactic acid, suitable feeds can be obtained by the racemic product of the synthesis being subjected to
an enantiomer separation, so that a product is obtained in which the one enantiomer is present in excess with respect
to the other enantiomer, and which contains at least 80 wt% total acid and at least 80 wt% monomeric lactic acid.
Enantiomer separation techniques are known.
[0027] In existing fermentation processes for preparing lactic acid, suitable feed streams for the method according
to the invention can be obtained very effectively by means of a concentration step which at least comprises boiling
down of a dilute lactic acid stream. In addition to, or instead of, boiling down, other concentration steps can also be
employed, for example treatments in which use is made of membranes or molecular sieves. In principle, the feed can
be any stream from the working-up stage after the fermentation, for example the product stream obtained from the
purification step. Good results are obtained by a dilute, lactic-acid-containing stream, which contains 5 - 30 wt% lactic
acid, being subjected to a concentration step.
[0028] The operation of concentrating the dilute, lactic-acid-containing stream can be carried out in any suitable
manner. During the concentration step of lactic acid, the condition preferably applies that the temperature must not be
too high, in order to prevent polymerization of lactic acid. The boiling-down operation is therefore preferably carried
out at reduced pressure (from 100 to 500 mbar). The boiling-down can be carried out in one or more steps.
[0029] The dilute, lactic-acid-containing stream, in particular, is concentrated in a first concentration step in one or
more failing-film evaporators and/or thin-film evaporators and/or lubricated-film evaporators, the pressure being from
100 to 500 mbar, in particular from 200 to 400 mbar, and the temperature being from 25° to 140°C, more preferably
from 40° to 100°C and in particular from 50° to 70°C. In said first concentration step, impurities having a boiling point
lower than that of lactic acid, for example formic acid, are removed by evaporation. The bottom product obtained has
a total acid content of at least 80 wt%, preferably at least 90 wt%, a monomer content of at least 80 wt%, preferably
at least 90 wt%, and a chiral purity of at least 90%, preferably 95%, and in particular 99%.
[0030] Preferably, the product of the first concentration step is subjected to a second concentration step before
distillation step (a) is carried out. The second concentration step is preferably carried out at a temperature of from 80°
to 150°C, in particular at a temperature of from 100° to 140°C, and at a pressure from 50 to 250 mbar, in particular a
pressure of from 60 to 150 mbar. The second concentration step is preferably carried out in such a way that the solution
is brought into the vapour phase by means of film evaporation and the vapour is passed to a first distillation column.
In the process, separation into two fractions takes place under reflux, the top product containing water, components
which are more volatile than lactic acid, and at most 1 wt% lactic acid, preferably at most 0.1 wt% lactic acid, and the
bottom product having a total acid content of at least 95 wt%, preferably at least 98 wt% lactic acid (based on the
bottom product in total). The bottom product has a monomer content of at least 80 wt%, preferably at least 95 wt%,
and a chiral purity of at least 90%, preferably at least 95% and in particular at least 98%. The film evaporation is
preferably effected by means of lubricated-film evaporation, thin-film evaporation and/or falling-film evaporation, the
distillation column or columns having a number of trays of from 1 to 10.
[0031] The distillation residue of distillation step (a) is recycled into the process upstream of crystallization step (b).
The distillation residue is preferably subjected to a depolymerization step before said residue is recycled into the proc-
ess, particularly because the residue contains oligomers or polymers of lactic acid, thereby allowing the yield of the
process to be increased.
[0032] The depolymerization is preferably carried out by a mixture of from 30 to 70 wt%, preferably from 40 to 60
wt%, of an aqueous stream which preferably contains from 80 to 100 wt% water, and from 70 to 30 wt%, preferably
from 60 to 40 wt%, of the residue of the second distillation step being heated for a period of from I to 10 hours under
atmospheric pressure at a temperature of from 60° to 100°C.
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Crystallization step (b)

[0033] In principle, the known crystallization techniques can be employed. An example of such a technique is melt
crystallization (cooling crystallization), which involves direct cooling of the condensed, liquid concentrate or distillate
containing the (S)- or (R)-lactic acid in the molten state, so that the (S)- or (R)-lactic acid crystallizes out. It is preferable
to keep the temperature at which crystallization occurs (the crystallization temperature) as low as possible, so that the
formation of oligomers and polymers of lactic acid is limited as far as possible.
[0034] Melt crystallization is a process in which a crystalline material is obtained from a melt of the material to be
crystallized. This technique is thoroughly described, for example, in Kirk-Othmer, Encyclopedia of Chemical Technol-
ogy, Fourth Edition, Volume 7, pp. 723-727 (1993), in J.W. Mullin, "Crystallization", Third Revised Edition, Butterworth-
Heinemann Ltd. pp. 309-323 (1993), and in J. Ullrich and B. Kallies, Current Topics in Crystal Growth Research, 1
(1994). The greatest advantage of melt crystallization, compared with distillation, is that much less energy is required,
as the enthalpy of fusion of organic compounds is generally lower than the enthalpy of evaporation. Furthermore,
another advantage of melt crystallization compared with distillation is that the process generally can be carried out at
much lower temperatures, which is advantageous if the organic compound is thermally unstable.
[0035] The melt crystallization can be carried out with the aid of a suspension crystallization or a layer crystallization,
possibly in conjunction with a wash column or a centrifuge, or some other purification technique. Examples of suitable
equipment and processes are described in Kirk-Othmer, Encyclopedia of Chemical Technology, Fourth Edition, Volume
7, pp. 723-727 (1993), in J.W. Mullin, "Crystallization", Third Revised Edition, Butterworth-Heinemann Ltd. pp. 309-323
(1993), and in J. Ullrich and B. Kallies, Current Topics in Crystal Growth Research, 1 (1994).
[0036] It has also been found that crystallization of an aqueous solution gives very good results. With this crystalli-
zation treatment, the concentrated lactic acid solution is diluted with water and is then subjected to one or more cooling
and/or evaporation crystallization steps. With these techniques, the concentrate or distillate is cooled directly (cooling
crystallization) or concentrated by evaporation of the solvent, which is water (evaporation crystallization). The driving
force for the crystallization in the case of the cooling crystallization technique is the bringing about of supersaturation
in the concentrated lactic acid solution by lowering the temperature of the concentrated lactic acid solution. Owing to
the lower temperature of the solution, the solubility decreases, and supersaturation may result. The driving force for
the crystallization with the evaporation crystallization technique is the bringing about of supersaturation in the concen-
trated lactic acid solution by evaporation of solvent (increasing the concentration at constant temperature). This means
that cooling or evaporation of solvent (water), respectively, results in effective removal of the heat of crystallization.
During cooling or evaporation of water, crystallization of the lactic acid then occurs.
[0037] Another highly suitable crystallization technique is adiabatic crystallization, where the driving force for the
crystallization is the bringing about of supersaturation in the concentrated lactic acid solution by heat neither being
removed nor supplied. This involves lowering the temperature of the concentrated solution (solvent evaporates) and
increasing the concentration of lactic acid (two effects: (a) solvent evaporates and (b) the temperature of the concen-
trated lactic acid solution drops, as a result of which the solubility decreases and supersaturation may result).
[0038] According to the invention, the crystallization step (b) is preferably carried out by adiabatic crystallization or
cooling crystallization, in particular by means of adiabatic crystallization. Preferably, the crystallization involves the
addition of seed crystals to the concentrated lactic acid solution.
[0039] The lactic acid which has crystallized out can then be separated from the remaining liquid, or (mother liquor)
in the in the known ways of solid-liquid separation.
[0040] Examples of suitable separation techniques for separating the lactic acid crystals from the mother liquor are
centrifuging, decanting, filtration, separation with the aid of one or more wash columns, or a combination of two or
more of these techniques. Within the scope of the invention it was found that centrifuging is particularly expedient.
[0041] The mother liquor obtained still always contains considerable quantities of lactic acid. For optimal process
control it is therefore preferable to recycle said mother liquor into the production process.
[0042] The lactic acid crystals obtained, having been isolated, are immediately dissolved in a suitable solvent, gen-
erally water, to prevent the hygroscopic lactic acid crystals from caking together. The concentration of the lactic acid
solution thus obtained can, in principle, have any desired value. In practice, this will generally vary from 30 to 95 wt%.
Concentrations often encountered commercially are 80 - 90 wt%.
[0043] According to the invention, that embodiment of the method which is particularly preferred is (1) at least one
concentration step of the feed to produce a concentrated lactic acid solution, (2) a distillation step at reduced pressure
of the concentrated lactic acid solution in a short-path distillation apparatus and (3) adiabatic crystallization of the
product obtained in the distillation.
[0044] The invention will now be illustrated by way of the following examples.
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Example 1

[0045] A lactic acid solution in water (67.8 wt% of lactic acid) was concentrated, with the aid of thin-film distillation
at 0.1 bar and 120°C and with a flow of 10 ml/min, to produce a concentrate which contained 97.1 wt% lactic acid. This
concentrate was then distilled using a short-path distillation apparatus (UIC, KDL-4) at a pressure of 1 mbar and a
temperature of 130°C with a flow of 15 ml/min. The product obtained was virtually colourless. A quantity of 319 g of
the distillate obtained was then diluted with 15 ml of water and, over a period of 6 hours, cooled from 38.5°C to 28.5°C.
The crystal slurry obtained in the process was separated from the crystals and mother liquor with the aid of a laboratory
centrifuge. The yield was 143 g (45%). The crystals were dissolved in a small amount of water for further analyses
(see Table 1).
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Table 1

Total
acida

(%)

Free
acidb

(%)

Colour
(APHA)

Colour
after

heat test
(APHA)

Chiral
purity
(%)c

Total
N

(ppm)d

Total
sugars
(ppm)e

Lactic acid before concentrating 67.8 66.5 2300 - 97.1 710 4900
Lactic acid after concentrating 97.1 95.1 2770 - 97.0 1150 7300
Lactic acid after distillation 99.6 - 83 250 97.1 < 5 < 100
Lactic acid after crystallization and dissolving in water 91.8 - < 5 < 5 99.93 < 5 < 100
a Total acid: acid content after saponification of intermolecular ester bonds with base (wt% lactic acid).
b Free acid: direct acid group titration (wt% lactic acid).
c The chiral purity was determined with the aid of GLC.
d Reduction with hydrogen, followed by coulometric titration of the ammonia formed.
e Hydrolysis with sulphuric acid, followed by photometric determination using neocuproine.
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Example 2

[0046] A crystallizer equipped with a 60 1 stirred vessel and a NESLAB RTE111 thermostat bath was charged with
27.5 kg of freshly distilled (R)-lactic acid (see Example 1). The lactic acid was diluted with 0.76 kg of water, to lower
the crystallization temperature. The seeding temperature of the dilute lactic acid was determined and found to be
39.5°C. A seed crystal slurry was prepared by a mixture of 60 g of crystals of (R)-lactic acid and 5 g of deionized water
being blended for 15 minutes at maximum speed in a laboratory ball mill (Retsch S1).
[0047] The mixture in the crytallizer was cooled to 39.3°C, and 35 g of the seed crystal slurry were added. The seed
crystals were allowed to grow without cooling for a period of 30 minutes. During this period the temperature rose to
39.4°C. A linear cooling program was started after 30 minutes: from 39.5°C to 25°C over 16 hours. At a temperature
of 26.0°C the cooling program was stopped, as the viscosity of the slurry became too high. The slurry was stirred for
a further 6 hours, and was then centrifuged (Merck: Ferrum, 10 minutes, speed: 550). The resulting lactic acid crystals
(13.3 kg, yield 48%, based on lactic acid) and most of the mother liquor (13.5 kg) were collected; a small fraction of
the mother liquor remained behind in the centrifuge. A small portion of the crystals obtained was diluted to 90% and
dissolved with heating. The results of the analyses are shown in Table 2.

[0048] The conclusion from this experiment is that without optimal chiral purity of the feed it is possible to obtain
crystalline lactic acid having a chiral purity of more than 99.5%. The yield, based on lactic acid, is 48%. Recycling the
mother liquor easily allows this to be raised to about 60%.

Example 3

[0049] This example describes gustatory and olfactory tests of the product according to the invention. The compar-
ative tests were carried out as triangular tests. The descriptive tests were carried out by means of scoring in terms of
established descriptors.

Odour

[0050] The descriptive tests of the lactic acid samples were carried out in a number of steps. In the first instance,
using a group of 20 persons, a list of descriptors was compiled which allowed the separate samples to be described.
This was followed by a brief training session, in which these persons were trained for odour recognition of the descrip-
tors. Finally, the separate samples were scored in terms of various descriptors, use being made of a hedonistic scale
of 1 - 7 (a widely used scale in descriptive analysis). With the aid of scoring lists, a final assessment of the lactic acid
samples was drawn up. This assessment is a representation of trends with respect to odour of the samples. The results
are shown in Table 3 (1: very faint; 7: very strong; the reference products are commercially available).

Table 2

Colour
(APHA)

Colour after
heat test
(APHA)

Chiral
purity
(%)c

Total acid
(wt%)

Total N
(ppm)

Feed 240 810 95.4 97.0 80
Mother liquor 310 - 91.0 - -

Product (as 90%) 13 20 99.76 - < 5

Table 3

Lactic acid
(according to the invention)

Lactic acid
(reference 1)

Lactic acid
(reference 2)

Mildly acid 4 n.p.a n.p.
Strongly acid n.p. 2 2
Sweet n.p. n.p. 3
Alcohol/ester 2 n.p. 6
Burnt n.p. n.p. 5
Ethyl lactate n.p. n.p. n.p.
an.p. not present (value 0)
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Taste

[0051] Table 4 shows the results of the gustatory tests.

[0052] These tests show that the lactic acid according to the invention, compared with the reference acids, has a
pleasant, mildly acid odour. The odour is mildly acid in character with an alcohol/ester subsidiary odour component.
The lactic acid according to the invention is of high purity. The taste is freshly acidic. There is no odd taste. Lactic acid
(reference 1) has a sharp odour (greasy, sulphurous, musty) and has a very unpleasant odd taste and after taste
(greasy). Lactic acid (reference 2) contains many odour components and a strong bouquet and is not pure. The taste
of lactic acid (reference 2) is good, but is sharper than that of the lactic acid according to the invention.

Claims

1. Method of industrial-scale purification of lactic acid, the method comprising the steps of:

(a) reduced-pressure distillation of a concentrated lactic acid solution having a total acid content of at least 95
wt% and a content of monomeric lactic acid of at least 80 wt%, based on the concentrated lactic acid solution,
the ratio between the lactic acid enantiomers in the concentrated lactic acid solution not being equal to 1, to
form a lactic acid concentrate, and
(b) subjecting the lactic acid concentrate to a crystallization to form a pure lactic acid, wherein the crystallization
is carried out by:

(i) direct cooling of the lactic acid concentrate in one or more melt crystallizers,
(ii) diluting the lactic acid concentrate with water and effecting crystallization in one or more cooling crys-
tallizers and/or evaporation crystallizers, and/or
(iii) effecting crystallization in one or more adiabatic crystallizers.

2. Method according to Claim 1, wherein the reduced-pressure distillation of the concentrated lactic acid solution is
carried out:

(i) with a short-path distillation apparatus, or
(ii) by bringing the concentrated lactic acid solution in the vapour phase by film evaporation and passing the
vapour phase to a distillation column.

3. Method according to Claim 1 or Claim 2, wherein the reduced-pressure distillation is carried out at a pressure of
from 0.1 to 20 mbar and a temperature of from 100° to 200°C.

4. Method according to any one of the preceding claims, wherein the residue of the distillation is recycled into the
process upstream of crystallization step (b).

Table 3 (continued)

Lactic acid
(according to the invention)

Lactic acid
(reference1)

Lactic acid
(reference2)

Sulphurous n.p. 5 n.p.
Musty n.p. 6 6
Greasy n.p. 7 n.p.

Table 4

Lactic acid (according to the invention) Fresh, mildly acidic, no odd taste

Lactic acid (reference 1) Has an odd taste (peanuts, greasy), no acidic taste as with lactic acid
according to the invention

Lactic acid (reference 2) Good taste. No odd taste. Sharper acidic taste than lactic acid according
to the invention
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5. Method according to any one of the preceding claims, wherein the concentrated lactic acid solution, prior to dis-
tillation step (a), is passed over a column containing activated carbon.

6. Method according to any one of the preceding claims, wherein the concentrated lactic acid solution, prior to dis-
tillation step (a), is passed over an ion exchanger.

7. Method according to any one of the preceding claims, wherein the concentrated lactic acid solution, prior to dis-
tillation step (a), is passed over a column containing activated carbon and then over an ion exchanger.

8. Method according to any one of the preceding claims, wherein in step (b) seed crystals are added to the lactic
acid concentrate.

9. Method according to any one of the preceding claims, wherein step (b) is carried out by cooling crystallization or
adiabatic crystallization.

10. Method according to Claim 9, wherein step (b) is carried out by adiabatic crystallization.

11. Method according to any one of the preceding claims, wherein the product stream of the crystallization step (b) is
separated, by means of a solid-liquid separation, preferably centrifuging, into a mother liquor and lactic acid crys-
tals.

12. Method according to any one of the preceding claims, wherein a lactic acid concentrate having a total acid content
of at least 95 wt% and a content of monomeric lactic acid of at least 80 wt%, based on the concentrated lactic acid
solution, the ratio between the lactic acid enantiomers in the concentrated lactic acid solution not being equal to
1, is subjected to evaporation crystallization or adiabatic crystallization.

13. Method according to any one of the preceding claims, wherein the concentrated lactic acid solution is obtained
from lactic acid prepared by fermentation.

Patentansprüche

1. Verfahren zur Reinigung von Milchsäure im industriellen Maßstab, wobei das Verfahren die Schritte umfasst:

(a) Destillation bei verringertem Druck einer konzentrierten Milchsäurelösung mit einem Gesamtsäuregehalt
von mindestens 95 Gew.-% und einem Gehalt von monomerer Milchsäure von mindestens 80 Gew.-%, ba-
sierend auf der konzentrierten Milchsäurelösung, wobei das Verhältnis zwischen den Milchsäure-Enantiome-
ren in der konzentrierten Milchsäurelösung nicht gleich 1 ist, um ein Milchsäurekonzentrat zu bilden, und
(b) Unterziehen des Milchsäurekonzentrats einer Kristallisation, um reine Milchsäure zu bilden, wobei die
Kristallisation durchgeführt wird durch:

(i) direktes Kühlen des Milchsäurekonzentrats in einem oder mehreren Schmelzkristallisatoren,
(ii) Verdünnen des Milchsäurekonzentrats mit Wasser und Bewirken einer Kristallisation in einem oder
mehreren Kühlkistallisatoren und/oder Verdampfungskristallisatoren und/oder
(iii) Bewirken von Kristallisation in einem oder mehreren adiabatischen Kristallisatoren.

2. Verfahren nach Anspruch 1, worin die Destillation der konzentrierten Milchsäurelösung bei verringertem Druck
durchgeführt wird

(i) mit einer Kurzwegdestillationsvorrichtung oder
(ii) durch Bringen der konzentrierten Milchsäurelösung in die Dampfphase durch Filmverdampfung und Führen
der Dampfphase zu einer Destillationskolonne.

3. Verfahren nach Anspruch 1 oder Anspruch 2, worin die Destillation bei verringertem Druck bei einem Druck von
0,1 bis 20 mbar und einer Temperatur von 100 °C bis 200 °C durchgeführt wird.

4. Verfahren nach einem der vorhergehenden Ansprüche, worin der Destillationsrückstand in das Verfahren ober-
stromig des Kristallisationsschrittes (b) recyclisiert wird.
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5. Verfahren nach einem der vorhergehenden Ansprüche, worin die konzentrierte Milchsäurelösung vor Destillati-
onsschritt (a) über eine Kolonne geführt wird, die Aktivkohle enthält.

6. Verfahren nach einem der vorhergehenden Ansprüche, worin die konzentrierte Milchsäurelösung vor Destillati-
onsschritt (a) über einen lonenaustauscher geführt wird.

7. Verfahren nach einem der vorhergehenden Ansprüche, worin die konzentrierte Milchsäurelösung vor Destillati-
onsschritt (a) über eine Kolonne, die Aktivkohle enthält, und dann über einen Ionenaustauscher geführt wird.

8. Verfahren nach einem der vorhergehenden Ansprüche, worin in Schritt (b) Keimkristalle zu dem Milchsäurekon-
zentrat gegeben werden.

9. Verfahren nach einem der vorhergehenden Ansprüche, worin Schritt (b) unter Kühlungskristallisation oder adia-
batischer Kristallisation durchgeführt wird.

10. Verfahren nach Anspruch 9, worin Schritt (b) durch adiabatische Kristallisation durchgeführt wird.

11. Verfahren nach einem der vorhergehenden Ansprüche, worin der Produktstrom des Kristallisationsschritts (b) auf-
getrennt wird mittels Fest-Flüssig-Trennung, vorzugsweise Zentrifugieren, in eine Mutterlauge und Milchsäurekri-
stalle.

12. Verfahren nach einem der vorhergehenden Ansprüche, worin das Milchsäurekonzentrat, das einen Gesamtsäu-
regehalt von mindestens 95 Gew.-% und einen Gehalt monomerer Milchsäure von mindestens 80 Gew.-% ,basie-
rend auf der konzentrierten Milchsäurelösung, aufweist, wobei das Verhältnis zwischen den Milchsäure-Enantio-
meren in der konzentrierten Milchsäurelösung nicht gleich 1 ist Verdampfungskristailisation oder adiabatischer
Kristallisation unterzogen wird.

13. Verfahren nach einem der vorhergehenden Ansprüche, worin diekonzentrierte Milchsäurelösung erhalten wird aus
Milchsäure, die durch Fermentation hergestellt wird.

Revendications

1. Procédé d'épuration d'acide lactique à échelle industrielle, le procédé comprenant les étapes consistant à :

(a) distiller à pression réduite une solution d'acide lactique concentrée ayant une teneur en acide totale d'au
moins 95 % en poids et une teneur en acide lactique monomère d'au moins 80 % en poids sur base de la
solution d'acide lactique concentrée, le rapport entre les énantiomères d'acide lactique dans la solution d'acide
lactique concentrée n'étant pas égal à 1, pour former un concentré d'acide lactique, et
(b) soumettre le concentré d'acide lactique à cristallisation, pour former un acide lactique pur, dans lequel la
cristallisation est réalisée en :

(i) refroidissant directement le concentré d'acide lactique dans un ou plusieurs crisrallisateurs de fusion,
(ii) diluer le concentré d'acide lactique avec de l'eau et réaliser la cristallisation dans un ou plusieurs
cristallisateurs de refroidissement et/ou cristallisateurs d'évaporation, et/ou
(iii) réaliser la cristallisation dans un ou plusieurs cristallisateurs adiabatiques.

2. Procédé selon la revendication 1, dans lequel la distillation à pression réduite de la solution d'acide lactique con-
centrée est réalisée :

(i) à l'aide d'un appareil des distillation à trajet court, ou
(ii) en portant la solution d'acide lactique concentrée en phase vapeur par évaporation de film et en passant
la phase vapeur à une colonne de distillation.

3. Procédé selon la revendication 1 ou la revendication 2, dans lequel la distillation à pression réduite est réalisée à
une pression de 0,1 à 20 mbars et une température de 100° à 200°C.

4. Procédé selon l'une quelconque des revendications précédentes, dans lequel le résidu de la distillation est recyclé
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vers le procédé en amont de l'étape de cristallisation (b).

5. Procédé selon l'une quelconque des revendications précédentes, dans lequel la solution d'acide lactique concen-
trée est, avant l'étape de distillation (a), passée sur une colonne contenant du charbon activé.

6. Procédé selon l'une quelconque des revendications précédentes, dans lequel la solution d'acide lactique concen-
trée est, avant l'étape de distillation (a), passée sur un échangeur d'ions.

7. Procédé selon l'une quelconque des revendications précédentes, dans lequel la solution d'acide lactique concen-
trée est, avant l'étape de distillation (a), passée sur une colonne contenant du charbon activé et ensuite sur un
échangeur d'ions.

8. Procédé selon l'une quelconque des revendications précédentes, dans lequel, à l'étape (b), des germes de cristal
sont ajoutés au concentré d'acide lactique.

9. Procédé selon l'une quelconque des revendications précédentes, dans lequel l'étape (b) est réalisée par cristal-
lisation par refroidissement ou par cristallisation adiabatique.

10. Procédé selon la revendication 9, dans lequel l'étape (b) est réalisée par cristallisation adiabatique.

11. Procédé selon l'une quelconque des revendications précédentes, dans lequel le flux de produit de l'étape de
cristallisation (b) est séparé, par une séparation solides-liquide, de préférence par centrifugation, en une liqueur
mère et des cristaux d'acide lactique.

12. Procédé selon l'une quelconque des revendications précédentes, dans lequel un concentré d'acide lactique ayant
une teneur en acide totale d'au moins 95 % en poids et une teneur en acide lactique monomère d'au moins 80 %
sur base de la solution d'acide lactique concentrée, le rapport entre les énantiomères d'acide lactique dans la
solution d'acide lactique concentrée n'étant pas égal à 1, est soumis à une cristallisation par évaporation ou une
cristallisation adiabatique.

13. Procédé selon l'une quelconque des revendications précédentes, dans lequel la solution d'acide lactique concen-
trée est obtenue à partir d'acide lactique préparé par fermentation.
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