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Description

TECHNICAL FIELD

[0001] The present invention relates to a process for
producing lactide and a process for producing polylactic
acid from fermented lactic acid employed as a starting
material, and-to a process for producing lactide and a
process for producing polylactic acid from ammonium
lactate obtained by lactic fermentation.
[0002] Lactic acid includes L-lactic acid, D-lactic acid,
and a mixture of L-lactic acid and D-lactic acid. Lactide
is a cyclic dimer of the lactic acid, and lactide is particu-
larly useful as a starting material for producing polylactic
acid. The polylactic acid is a polymer in which the lactic
acid is contained as a major constitutional monomer, and
the polylactic acid includes not only a homopolymer of
the lactic acid but also a copolymer of the lactic acid with
other monomers. The polylactic acid is useful as a bio-
degradable plastic derived from biomass employed as a
starting material.

BACKGROUND ART

[0003] Traditionally, the production of polylactic acid
has been performed by a dehydration condensation di-
rectly from lactic acid, a dealcohol condensation from
lactate ester, or a ring-opening polymerization of lactide.
[0004] With regard to the production of polylactic acid
from lactate ester, for example, the specification of U.S.
Patent No. 2,534,255 discloses a method producing hy-
droxy polyester from hydroxycarboxylate ester in the
presence of a catalyst for esterification.
[0005] Japanese Laid-open Patent Publication No.
H07-173264 (1995) discloses a method condensing lac-
tate ester to produce polylactic acid with a weight-aver-
age molecular weight of 15,000 or above. There is no
description in which lactide is synthesized from said po-
lymerized product. It is necessary to consume great time
for producing the polylactic acid with a weight-average
molecular weight of 15,000 or above.
[0006] Japanese Patent Publication (B2) No. 3024907
discloses a process polycondensing lactate ester in a
batch type reactor while removing generated alcohol, and
further polycondensing the obtained oligomer in a screw
type extruding machine while removing generated alco-
hol so as to produce polylactic acid from the lactate ester.
There is no description in which lactide is synthesized
from said polymerized product.
[0007] Japanese Laid-open Patent Publication No.
H10-36366 (1998) discloses a process synthesizing lac-
tate ester from synthesized lactic acid (DL-lactic acid),
dealcoholizing the lactate ester to synthesize a lactic acid
oligomer, and subsequently synthesizing lactide.
[0008] Japanese Laid-open Patent Publication No.
H11-209370 (1999) discloses a process for producing
lactide, which comprises dealcoholizing lactate ester in
the presence of a monobutyltin compound to produce a

composition containing polylactic acid or a composition
containing polylactic acid and lactide, and then heating
the composition in the presence of a monobutyltin com-
pound.
[0009] Besides, it has been previously known that am-
monium lactate is directly esterified with alcohol (in IN-
DUSTRIAL AND ENGINEERING CHEMISTRY, VOL.
44, NO.9, 2189-2191, Sept. 1957).
[0010] Japanese Laid-open Patent Publication No.
H06-311886 (1994) discloses a process adding butanol
or pentanol to ammonium lactate generated by fermen-
tation, and adding mineral acid thereto at the later stage
of the reaction to proceed reaction further, thereby re-
covering lactate ester with recovering ammonia.
[0011] Furthermore, Japanese Patent Publication (B2)
No. 2830896 discloses a process synthesizing an oli-
gomer from lactic acid used as a starting material, reflux-
ing the oligomer to synthesize an oligomer with higher
degree of polymerization, and producing lactide from the
oligomer with higher degree of polymerization .
[0012] WO 98/23579 describes a low-temperature
method for esterifying ammonium carboxylate salts and
amine-containg salts whereby the salt is mixed with an
alhocol, the mixture ist heated up in the presence of a
catalyst and is subsequently subjected to a dehydration
and a deamination process using pervaporation.
[0013] EP0512021 A2 discloses processes for produc-
ing lactic acid, esters of lactic acid, acrylic acid and esters
of acrylic acids, primarily from fermentable carbohydrate
materials which comprise fermenting a carbohydrate ma-
terial with a lactic-acid-forming organism in the presence
of NH3 to produce ammonium lactate, combining the am-
monium lactate with an alcohol, combining the obtained
solution with an effective catalyzing amount of gaseous
CO2 and catalytically esterify the ammonium lactate and
the alcohol into a lactic ester containing solution and pu-
rifying the lactic acid ester from the lactic acid ester con-
taining solution.
[0014] EP 0 658 628 A1 discloses a process for the
preparation of lactic acid esters by fermentation of mix-
tures containing sugars, conversion of the lactic acid re-
sulting from the fermentation into its salts and subse-
quent esterification. The process is characterised in that
an alkaline earth metal carbonate or bicarbonate is added
to the fermentation broth, the resulting fermentation broth
is adjusted to a certain pH and the resulting precipitates
are separated off. The ammonium lactate solution ob-
tained and purified in this way is esterified with an alcohol.
[0015] WO 93/19058 describes a method for the man-
ufacture of cyclic esters by the conversion of hydroxy
carboxylic acids and their derivatives to their respective
cyclic esters, including a liquid phase conversion and a
vapor phase conversion. Further several recovery steps
of the produced cyclic esters are described.
[0016] WO 93/15127 describes a process for the con-
tinuous production of substantially purified lactide and
lactide polymers from lactide acid or an ester of lactic
acid including the steps of providing a source of lactic
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acid in a hydroxylic medium, forming a concentrated lac-
tic acid solution, further polymerizing lactic acid to form
polylactic acid molecules, forming a crude lactide in the
presence of catalyst means for catalyzing the depolym-
erization of the polylactic acid molecules to form lactide
molecules, purifying the crude lactide to form a substan-
tially purified lactide by distilling the crude lactide and
reacting the substantially purified lactide to form polylac-
tide.
[0017] WO 95/09879 discloses a process for the con-
tinuous production of substantially purified lactide and
lactide polymers from lactic acid or an ester of lactic acid
including the steps of vaporizing crude lactide from a
polylactic acid mixture under a pressure less than ambi-
ent to form a crude lactide mixture, distilling the crude
lactide mixture to form at least one purified lactide stream
and reacting the at least one purified lactide stream to
form polylactide.
[0018] EP 0 261 572 discloses a process for the pro-
duction of lactide on an industrial scale, in particular of
optically pure L(-)- or D(+)-lactide, whereby poly lactide
acid in the presence of 0,05 to 0,1 % w/w tin powder, a
tin halogenide or a organic tin compound which is derived
from a carboxylic acid with up to 20 carabon atoms, is
heated to 130 to 230°C under reduced pressure, the
formed lacitide is destilled and polylactic acid is refilled
continously or in batch.
[0019] WO 98/23579, EP0512021 A2 and EP 0 658
628 A1 essentially relate to the synthesis of lactate esters
starting from ammonium lactate which was obtained via
lactic fermentation whereas documents WO 93/19058,
WO 93/15127, WO 95/09879 and EP 0 261 572 essen-
tially concern the synthesis of lactide starting with lactic
acid or a source of lactic acid such as lactate ester.
[0020] There is no disclosure of a multi-step process
in which polycondensation is conducted employing lac-
tate ester while refluxing a monomer of the lactate ester
and an oligomer thereof.

DISCLOSURE OF THE INVENTION

OBJECT OF THE INVENTION

[0021] Thus, a process which comprises synthesizing
a lactic acid oligomer in which lactate ester derived from
fermented lactic acid is employed as a starting material,
and depolymerizing the lactic acid oligomer to produce
lactide, and a process which comprises synthesizing a
lactic acid oligomer in which lactate ester derived from
fermented lactic acid is employed as a starting material,
depolymerizing the lactic acid oligomer to produce lac-
tide, and producing polylactic acid from the lactide, have
never been known.
[0022] Further, in a synthesis of lactate ester from lac-
tic fermentation, producing lactic acid and ethanol by
means of hetero-type lactic fermentation while neutraliz-
ing with ammonia, and esterifying this lactic acid, have
never been known. Hetero-lactic acid bacteria produce

lactic acid and ethanol from glucose, and produce lactic
acid and acetic acid from xylose.
[0023] Hitherto, in producing lactic acid, lactic acid was
obtained by steps of performing lactic fermentation of
hexose (glucose) or sucrose (consisting of glucose and
fructose); neutralizing with calcium carbonate; concen-
trating to allow calcium lactate to precipitate; liberating
with sulfuric acid to produce crude lactic acid; further con-
verting into ester with methanol or ethanol; and distilling
the ester followed by hydrolyzing the ester to produce
lactic acid. According to this process, there were prob-
lems in which significant amounts of calcium sulfate were
generated as a byproduct.
[0024] Accordingly, a process which comprises neu-
tralizing with ammonia water or ammonia during lactic
fermentation to obtain ammonium lactate, converting
ammonium lactate into ester with alcohol followed by dis-
tilling, recovering ammonia, and hydrolyzing lactate es-
ter, is developed.
[0025] Hitherto, there was no consistent process for
producing polylactic acid from biomass. By completing
the consistent process, cost for producing polylactic acid
can be reduced. Namely, there were lots of useless steps
conducted, because the production of polylactic acid was
formerly considered to be separated from the production
of lactic acid. Concretely, the useless step means a step
of hydrolyzing lactate ester to produce lactic acid. Be-
sides, by synthesizing polylactic acid from lactate ester,
corrosive resistance required for a reactor can be miti-
gated, and significant contribution in a capital investment
can be achieved. Because lactic acid has corrosive prop-
erties, especially in the case of concentrating or synthe-
sizing lactide at a temperature exceeding 140°C, it has
been necessary to use a reactor and a tube made of
titanium or tantalum, or a reactor and a tube with glass
lining. However, in the case of using lactate ester, it is
not necessary to use a material with corrosive resistance
for a reactor, thereby achieving drastic cost reduction in
equipments of facilities.
[0026] In particular, there is a worldwide subject of how
to utilize wood type biomass at present. In Japan, there
is a subject of how to treat wastes such as old papers,
construction waste materials, lumbers from thinning, rice
straws and the others. In overseas, there is a stream to
use wood materials as a starting material for fermentation
because wood materials cannot be directly used as food-
stuffs for people.
[0027] The wood type biomass includes cellulose and
hemicellulose. As a method for saccharification of cellu-
lose and hemicellulose, a sulfuric acid method, a high-
pressure hot water method, and an enzyme method are
in a stage of practical use. Sugar obtained by sacchari-
fication is hexose and pentose. The hexose is mainly
glucose, and the pentose is mainly xylose.
[0028] By homo-type lactic fermentation, 1 mol of glu-
cose is converted to. 2 mols of lactic acid, which does
not waste carbon atoms. Further, among the lactic acid
bacteria, there are strains capable of producing 5 mols
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of lactic acid from 3 mol of xylose. Furthermore, by het-
ero-type lactic fermentation, 1 mol of glucose is convert-
ed to 1 mol of lactic acid and 1 mol of ethanol (in this
case, 1 mol of carbon dioxide gas is generated). Namely,
glucose is a particularly suitable starting material for syn-
thesizing lactate ester.
[0029] On the other hand, by hetero-type lactic fermen-
tation, 1 mol of lactic acid and 1 mol of acetic acid are
produced from 1 mol of xylose. Thus, in the present in-
vention, hetero-lactic fermentation is conducted while
neutralizing with ammonia to generate lactic acid and
acetic acid, and generated lactic acid and acetic acid are
esterified with alcohol (ethanol) to synthesize esters that
are isolated from a fermentation liquid as lactate ester
and acetate ester, respectively.
[0030] In the case of allowing ammonium lactate to
react with ethanol to produce ethyl lactate, there were
problems in which yield is low and reaction slowly pro-
ceeds due to low boiling point of ethanol that is 78°C.
[0031] In the case of allowing ammonium lactate to
react with hydrophobic alcohol such as butanol to pro-
duce lactate ester, there were problems in which yield is
low in approximately 50% even if water is removed by
means of a separator.
[0032] An object of the present invention is to provide
a process for consistently producing lactide from ammo-
nium lactate obtained by lactic fermentation, and a proc-
ess for consistently producing polylactic acid from am-
monium lactate obtained by lactic fermentation. Further,
an object of the present invention is to provide a process
for producing lactate ester from ammonium lactate ob-
tained by lactic fermentation.

SUMMARY OF THE INVENTION

[0033] The present invention is a process for producing
lactide, which comprises the steps of: (1) synthesizing
lactate ester from ammonium lactate obtained by lactic
fermentation; (2) polycondensing the lactate ester in the
presence of a catalyst other than monobutyltin, whereby
polylactic acid with a weight-average molecular weight
of less than 15,000 (lactic acid prepolymer) is synthe-
sized; and (3) depolymerizing the polylactic acid, where-
by lactide is produced.
[0034] The present invention is said process for pro-
ducing lactide, wherein the step (1) comprises: allowing
the ammonium lactate obtained by lactic fermentation to
react with alcohol, whereby lactate ester is synthesized;
and recovering ammonia.
[0035] The present invention is said process for pro-
ducing lactide, wherein the step (1) comprises: allowing
the ammonium lactate obtained by lactic fermentation to
react with alcohol other than alcohol of which the number
of carbon atoms is 4 or 5, whereby lactate ester is syn-
thesized; and recovering ammonia.
[0036] The present invention is said process for pro-
ducing lactide, wherein the step (1) comprises: allowing
the ammonium lactate obtained by lactic fermentation to

react with ethanol under a pressurized condition, where-
by ethyl lactate is synthesized; and recovering ammonia.
[0037] The present invention is said process for pro-
ducing lactide, wherein the step (1) comprises: allowing
an aqueous solution of the ammonium lactate obtained
by lactic fermentation to react with alcohol of which the
number of carbon atoms is 4 or more in a reactor under
reflux, in which the alcohol is separable from water to
form two layers with water;
trapping at least a portion of condensed water and at
least a portion of condensed alcohol in a separator; dis-
charging at least a portion of the water trapped in the
separator as a lower layer; adding fresh water to the sep-
arator and returning at least a portion of the alcohol
trapped in the separator as an upper layer into the reac-
tor; and repeating this series of the procedures,
whereby lactate ester is synthesized; and recovering am-
monia.
[0038] The present invention is said process for pro-
ducing lactide, wherein the step (1) comprises: allowing
an aqueous solution of the ammonium lactate obtained
by lactic fermentation to react with alcohol of which the
number of carbon atoms is 4 or more in a reactor under
reflux, in which the alcohol is separable from water to
form two layers with water; distilling off a portion of the
alcohol or the whole alcohol continuously; and adding
fresh alcohol to the reactor, whereby lactate ester is syn-
thesized; and recovering ammonia.
[0039] The present invention is said process for pro-
ducing lactide, wherein the step (1) comprises: allowing
the ammonium lactate obtained by lactic fermentation to
react with ethanol; after completing the reaction, distilling
off ethanol and ethyl lactate, respectively;
adding fresh ethanol to a remained solution of the am-
monium lactate or adding fresh ethanol and fresh ammo-
nium lactate obtained by lactic fermentation to the re-
mained solution of the ammonium lactate; allowing the
ammonium lactate to react with ethanol again; and re-
peating this reaction procedure, whereby ethyl lactate is
synthesized; and recovering ammonia.
[0040] The present invention is said process for pro-
ducing lactide, wherein the polycondensation in the step
(2) is conducted while refluxing the lactate ester and/or
the polylactic acid (lactic acid prepolymer) which is a poly-
condensed product of the lactate ester.
[0041] The present invention is said process for pro-
ducing lactide, wherein the step (2) comprises: poly-
condensing the lactate ester, whereby the lactic acid pre-
polymer is obtained; and recovering generated alcohol.
[0042] The present invention is said process for pro-
ducing lactide, wherein the step (2) comprises raising a
temperature of a reactor continuously in the step of poly-
condensing the lactate ester.
[0043] The present invention is said process for pro-
ducing lactide, wherein the step (1) comprises: culturing
a microorganism capable of conducting hetero-lactic fer-
mentation in a culture medium containing hexose while
controlling a pH value with ammonia to produce the am-
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monium lactate and ethanol; and
allowing the ammonium lactate to react with alcohol,
whereby lactate ester is synthesized; and recovering am-
monia.
[0044] The present invention is said process for pro-
ducing lactide, wherein the step (1) comprises: culturing
a microorganism capable of conducting hetero-lactic fer-
mentation in a culture medium containing hexose while
controlling a pH value with ammonia to produce the am-
monium lactate and ethanol; and
allowing the ammonium lactate to react with alcohol other
than alcohol of which the number of carbon atoms is 4
or 5, whereby lactate ester is synthesized; and recovering
ammonia.
[0045] The present invention is said process for pro-
ducing lactide, wherein the step (1) comprises: culturing
a microorganism capable of conducting hetero-lactic fer-
mentation in a culture medium containing pentose while
controlling a pH value with ammonia to produce ammo-
nium lactate and ammonium acetate;
allowing the ammonium lactate and the ammonium ac-
etate to react with ethanol, whereby ethyl lactate and
ethyl acetate are synthesized, respectively; recovering
ammonia; and further removing ethyl acetate by distilla-
tion; and
wherein the step (2) comprises: polycondensing the ethyl
lactate, whereby the lactic acid prepolymer is obtained;
and recovering ethanol.
[0046] The present invention is said process for pro-
ducing lactide, wherein the step (1) comprises: culturing
a microorganism capable of conducting hetero-lactic fer-
mentation in a culture medium containing pentose and
hexose while controlling a pH value with ammonia to pro-
duce ammonium lactate, ethanol and ammonium ace-
tate;
allowing the ammonium lactate and the ammonium ac-
etate to react with ethanol, whereby ethyl lactate and
ethyl acetate are synthesized, respectively; recovering
ammonia; and further removing the ethyl acetate by dis-
tillation; and
wherein the step (2) comprises: polycondensing the ethyl
lactate, whereby the lactic acid prepolymer is obtained;
and recovering ethanol.
[0047] Also, the present invention is a process for pro-
ducing polylactic acid, which comprises ring-opening
polycondensing lactide obtained by any one of said proc-
ess, whereby polylactic acid is obtained.
[0048] In the case of allowing ammonium lactate to
react with ethanol to produce lactate ester, a method by
adding, for example, 5 mols to 20 mols of ethanol based
on 1 mol of ammonium lactate to shift equilibrium to the
side of the ester can be considered.
[0049] Further, recovery yield of ethyl lactate can be
increased by distilling off ethanol and generated ethyl
lactate followed by adding a fresh lactic fermentation liq-
uid and ethanol into the unreacted ammonium lactate
remained in a reactor so as to perform reaction.
[0050] In this reaction, a reaction rate can be increased

by pressurizing to raise a vapor pressure of ethanol and
to raise a reaction temperature, because a boiling point
of ethanol, 78°C, is low. Also, in this case, eliminated
ammonia is removed to the outside of the system via a
valve for controlling pressure. As a method of pressuriz-
ing, a method by utilizing a vapor pressure of ethanol it
self and a method for pressurizing by an inert gas such
as nitrogen gas are preferable.
[0051] In a method allowing ammonium lactate to react
with butanol under reflux, if ammonia is saturated in water
separated in a separator by vaporizing from a reactor
followed by condensing, ammonia would be accumulat-
ed in butanol trapped in the separator as an upper layer,
thereby becoming the reaction slow. Namely, it is con-
sidered that water trapped in the separator as a lower
layer performs work for extracting ammonia existing in
the upper layer butanol into the water side so as to reduce
an amount of ammonia existing in butanol to be returned
into the reactor. Consequently, by replacing the lower
layer water trapped in the separator with fresh water,
ammonia in the upper layer butanol is extracted with this
fresh water. And, by returning butanol in which the am-
monia content is reduced into the reactor, the reaction
proceeds further.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052]

Fig. 1 is a schematic diagram illustrating steps of a
process for producing lactide or a process for pro-
ducing polylactic acid according to the present in-
vention.
Fig. 2 is a schematic diagram illustrating steps of a
process for producing lactide or a process for pro-
ducing polylactic acid according to the present in-
vention in the case of performing hetero-lactic fer-
mentation of hexose.
Fig. 3 is a schematic diagram illustrating steps of a
process for producing lactide or a process for pro-
ducing polylactic acid according to the present in-
vention in the case of performing hetero-lactic fer-
mentation of pentose.

MODES FOR CARRYING OUT THE INVENTION

[0053] Next, the present invention will be explained by
referring to the drawings.

(1) Step of esterifying fermented lactic acid and removing 
ammonia

[0054] In a process for producing lactide or a process
for producing polylactic acid according to the present in-
vention, fermented lactic acid is employed. As the lactic
acid, there are two optical isomers, L-lactic acid and D-
lactic acid, and in the present invention, ammonium salt
of any isomer or a mixture thereof may be employed. In
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accordance with a L/D ratio of ammonium salt employed,
a ratio of L-lactide/mesolactide/D-lactide in the obtained
lactide is determined and a ratio of L-lactic acid unit/D-
lactic acid unit in the obtained polylactic acid is also de-
termined. Polylactic acid consisting of the L-lactic acid
unit or the D-lactic acid unit can be crystallized and melt-
ing point of such polylactic acid can be high.
[0055] Hexose such as glucose may be converted by
hetero-lactic fermentation to produce 1 mol of lactic acid
and 1 mol of ethanol with generating 1 mol of carbon
dioxide gas from 1 mol of glucose. Hetero-lactic fermen-
tation is conducted while neutralizing with ammonia, and
the generated ammonium lactate is esterified with alco-
hol (ethanol) to yield lactate ester (ethyl ester). Ammonia
generated at the time of esterification is recovered. Un-
reacted alcohol (ethanol) is distilled off to perform purifi-
cation of lactate ester (ethyl ester).
[0056] Pentose such as xylose may be converted by
hetero-lactic fermentation to produce 1 mol of lactic acid
and 1 mol of acetic acid from 1 mol of xylose. Hetero-
lactic fermentation is conducted while neutralizing with
ammonia to yield ammonium lactate and ammonium ac-
etate. Ammonium lactate and ammonium acetate are es-
terified with ethanol to produce ethyl lactate and ethyl
acetate, respectively. Ammonia generated at the time of
esterification is recovered. Unreacted ethanol is distilled
off, and purification of ethyl lactate is performed by dis-
tillation with removing and recovering ethyl acetate. Ethyl
acetate is useful as a solvent.
[0057] Wood type biomass includes cellulose and
hemicellulose, which produces hexose and pentose by
saccharification. Thus, saccharified product of wood ma-
terials generally contains hexose such as glucose and
pentose such as xylose as a mixture. The product may
be purified by chromatographic separation, and hetero-
lactic fermentation may be conducted employing hexose
or pentose as a starting material as described above.
Alternatively, a mixture of hexose and pentose may be
more preferably employed if possible.
[0058] Accordingly, hetero-lactic fermentation of a
mixture containing hexose and pentose may be per-
formed. Hetero-lactic fermentation is conducted while
neutralizing with ammonia to produce ammonium lactate
and ethanol from hexose, and to produce ammonium lac-
tate and ammonium acetate from pentose. Ammonium
lactate and ammonium acetate are esterified with ethanol
(if amount of ethanol obtained by fermentation is not
enough, ethanol might be further added) to yield ethyl
lactate and ethyl acetate, respectively. Ammonia gener-
ated at the time of esterification is recovered. Unreacted
ethanol is distilled off, and purification of ethyl lactate is
conducted by distillation with removing and recovering
ethyl acetate.
[0059] In any case described above, at the time of es-
terifying ammonium lactate, 1 to 3 mols of alcohol based
on 1 mol of ammonium lactate is preferably added. Fur-
ther, in the case of esterifying with ethanol in particular,
a reaction temperature is preferably raised by pressuri-

zation. By raising a reaction temperature, a reaction rate
can be increased. Furthermore, based on 1 mol of am-
monium lactate, 0.1 to 3 mols of water and catalytic
amount of strong acid such as sulfuric acid may be added.
[0060] As a microorganism capable of conducting ho-
mo-type lactic fermentation, some of the Lactobacillus
genus, the Streptococcus genus, the Rhizopus genus,
the Bacillus genus and others may be mentioned. As a
microorganism capable of conducting hetero-type lactic
fermentation, the Leuconostoc genus, some of the Lacto-
bacillus genus may be mentioned. In accordance with a
strain of the microorganism used, L-lactic acid, D-lactic
acid or racemate DL-lactic acid can be obtained, and
therefore, the strain may be selected depending on pur-
poses for use.
[0061] In the present process, a lactic fermentation liq-
uid neutralized with ammonia water may be used as it is
as a starting material, or pretreatment may be conducted
by a conventionally known method such as removal of
microorganism by centrifugal separation, treatment with
active charcoal, extraction with solvent, electrodialysis,
membrane filtration, or the like.

(2) Step of polycondensing lactate ester and dealcohol-
izing

[0062] The obtained lactate ester is polycondensed by
heating at 130°C to 220°C under a pressure of from an
ordinary pressure to reduced pressure with about 5 mm-
Hg to produce a lactic acid oligomer with a weight-aver-
age molecular weight of less than 15,000, preferably with
a weight-average molecular weight of approximately
from 1000 to 3500 (lactic acid prepolymer). The monomer
and the lactic acid oligomer generated by the poly-
condensation are refluxed to remove alcohol (ethanol)
to the outside of the reaction system and recover alcohol.
[0063] Further, the polycondensing step is preferably
conducted by gradually raising a temperature in each
stage. For example, a temperature in the first stage of
135�3°C, in the second stage of 150�3°C, and in the
third stage of 160� 3°C, is preferable (Example 2). The
polycondensing step may be performed more stepwise,
or may be performed by continuous and gradual increase
of a temperature. For example, a temperature is prefer-
ably raised in a multi-stage such as in the first stage at
135�3°C, in the second stage at 150�3°C, in the third
stage at 160�3°C, in the forth stage at 180� 3°C and in
the fifth stage at 200�3°C (Example 3). Further, a tem-
perature is preferably raised by pressurizing. Further-
more, a polymerization catalyst may be added. Under
such condition, a lactic acid oligomer with a weight-av-
erage molecular weight of approximately from 1000 to
3500 can be obtained, thereby increasing a difference in
a boiling point of between the oligomer and lactide and
becoming separation easy.
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(3) Step of depolymerizing lactic acid oligomer and in-
tramolecular esterification

[0064] The obtained lactic acid oligomer is depolym-
erized and intramolecular esterification (cyclic dimeriza-
tion) is performed to produce lactide. The depolymeriza-
tion is conducted in the presence of a depolymerization
catalyst other than monobutyltin, by heating the lactic
acid oligomer at a temperature of a molten temperature
or above of the lactic acid oligomer to be treated, with
reducing a pressure to a vapor pressure or below of the
lactide at said temperature, so as to distill generated lac-
tide off. Normally, the depolymerization is preferably per-
formed under a reduced pressure of 5 mmHg to 50 mmHg
at a temperature of 190°C to 200°C. By using an appa-
ratus capable of achieving high vacuum level, yield of
lactide is improved.
[0065] As the polymerization catalyst or the depolym-
erization catalyst, a catalyst composed of at least one
metal or metal compound selected from a group consist-
ing of IA group, IIA group, IIB group, IVA group, IVB
group, VA group and VIIA group in the periodic table may
be used.
[0066] As the catalyst classified into the IA group, for
example, a hydroxide of alkali metal (such as, for exam-
ple, sodium hydroxide, potassium hydroxide, and lithium
hydroxide), a salt of alkali metal with weak acid (such as,
for example, sodium lactate, sodium acetate, sodium car-
bonate, sodium octylate, sodium stearate, potassium lac-
tate, potassium acetate, potassium carbonate, and po-
tassium octylate), and an alkoxide of alkali metal (such
as, for example, sodium methoxide, potassium methox-
ide, sodium ethoxide, and potassium ethoxide) may be
mentioned.
[0067] As the catalyst classified into the IIA group, for
example, a calcium salt of organic acid (such as, for ex-
ample, calcium acetate) may be mentioned.
[0068] As the catalyst classified into the IIB group, for
example, a zinc salt of organic acid (such as, for example,
zinc acetate) may be mentioned.
[0069] As the catalyst classified into the IVA group, for
example, tin powder may be mentioned as well as an
organic tin type catalyst other than monobutyltin (such
as, for example, tin lactate, tin tartrate, tin dicaprylate, tin
dilaurylate, tin diparmitate, tin distearate, tin dioleate, tin
α-naphthoate, tin β-naphthoate, and tin octylate).
[0070] As the catalyst classified into the IVB group, for
example, a titanium type compound such as tetrapropyl
titanate and a zirconium type compound such as zirco-
nium isopropoxide may be mentioned.
[0071] As the catalyst classified into the VA group, for
example, an antimony type compound such as antimony
trioxide may be mentioned.
[0072] As the catalyst classified into the VIIA group,
for example, a manganese salt of organic acid (such as,
for example, manganese acetate) may be mentioned.
[0073] All of these described above are conventionally
known catalysts for polymelyzation of polylactic acid.

Among these, the catalyst composed of tin or tin com-
pound is particularly preferable in a view of catalytic ac-
tivity.
[0074] In the present invention, above-mentioned cat-
alyst is preferably used in an amount of 10-4 to 1.0 weight
% based on the lactic acid oligomer to be treated. More
preferable amount is 0.001 to 0.01 weight %.

(4) Step of ring-opening polymerization of lactide

[0075] The ring-opening polymerization of the ob-
tained lactide may be performed by a known method to
produce polylactic acid or polylactic acid copolymer. For
example, lactide is polymerized in the presence of tin
octylate catalyst at 160°C to 180°C. Polylactic acid with
a weight-average molecular weight of about 100,000 to
1,000,000 (GPC, polystyrene conversion) can be ob-
tained.

EXAMPLES

[0076] The present invention is further described in the
following examples which are not intended to restrict the
invention.

[Example 1]

Step of esterifying and removing ammonia

[0077] 472 g of an aqueous ammonium L-lactate so-
lution (68%) produced by a fermentative process and 500
g of ethanol were placed into a 1000 mL flask equipped
with a stirrer, a condenser and a thermometer. Ethanol
was refluxed for 3 hours while keeping the reaction liquid
at a temperature of 90°C to 100°C, thereby performing
esterification. At this time, generated ammonia that was
not trapped by the condenser was recovered in a gas-
washing bottle that was equipped at the end of the con-
denser and contained ice-water. Recovery yield of am-
monia was 98%.

� Step of removing unreacted ethanol

[0078] The reaction liquid obtained in the step � was
kept at a temperature of 80°C to remove (recover) 360
g of unreacted ethanol by distillation. Next, a temperature
of the reaction liquid was raised to 120°C to distill 150 g
of a water content in the reaction liquid off.

� Step of purifying ethyl lactate

[0079] The reaction liquid obtained in the step � was
subjected to simple distillation by reducing a pressure to
50 mmHg and keeping a liquid temperature at 70°C to
100°C to obtain 351 g of purified ethyl L-lactate (in 99.2
% yield).
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� Step of polycondensing ethyl lactate

[0080] 236 g of the purified ethyl L-lactate obtained in
the step � and 1.18 g of tin octylate were placed into a
500 mL flask equipped with a stirrer, a condenser, a ther-
mometer and a tube for introducing a nitrogen gas. A
liquid temperature was kept at 160°C and a pressure was
gradually reduced from an ordinary pressure to 200 mm-
Hg under a nitrogen flow by taking 5 hours, thereby dis-
tilling off ethanol generated by the polycondensation of
ethyl L-lactate. A weight-average molecular weight of the
obtained polycondensed product was measured by GPC
and found to be 3000.

� Step of producing lactide

[0081] The reaction liquid obtained in the step � was
distilled while keeping a pressure of 5mmHg and a liquid
temperature of 200°C to obtain 142.95 g of LL-lactide as
a main fraction (in 99.3% yield with a 99.8% purity).

� Step of polymerizing

[0082] 10 g of the lactide obtained in the step � and
0.25 g of tin octylate were placed into a test tube having
a screwed-opening. After the atmosphere was replaced
with a nitrogen gas, the test tube was tightly capped and
the polymerization was performed at 180°C for 20 min-
utes. A weight average molecular weight of the obtained
polylactic acid was found to be 250,000 (GPC, polysty-
rene conversion).

[Example 2]

[0083] � Step of esterifying and removing ammonia,
� step of removing unreacted ethanol and � step of
purifying ethyl lactate were performed in the same man-
ner as in Example 1. � Step of polycondensing ethyl
lactate
[0084] 236 g of the purified ethyl L-lactate obtained in
the step � was placed into a 500 mL flask equipped with
a stirrer, a reflux condenser and a thermometer. A liquid
temperature was raised stepwise from 135°C to 160°C,
and a pressure was gradually reduced from an ordinary
pressure to 5 mmHg by taking 3 hours. During this period,
ethyl L-lactate and an L-lactic acid oligomer generated
by the polycondensation of ethyl L-lactate were refluxed
in the flask, and a temperature of cooling water in the
reflux condenser was raised stepwise from 10°C to 60°C
so as to remove generated ethanol to the outside of the
reaction system. 91 g of ethanol generated at this time
was trapped and collected in a cold trap equipped at the
end of the reflux condenser. A weight-average molecular
weight of the obtained polycondensed product was
measured by GPC and found to be 2800.

� Step of producing lactide

[0085] To a reaction liquid obtained in the step � (the
L-lactic acid oligomer) was added 1.2 g of tin octylate,
and distillation was performed by keeping a pressure of
5 mmHg and a liquid temperature of 200°C to obtain
142.95 g of LL-lactide as a main fraction (in 99.3% yield
with 99.8% purity).

� Step of polymerizing

[0086] 10 g of the lactide obtained in the step � and
0.25 g of tin octylate were placed into a test tube having
a screwed-opening. After the atmosphere was replaced
with a nitrogen gas, the test tube was tightly capped and
the polymerization was performed at 180°C for 20 min-
utes. A weight-average molecular weight of the obtained
polylactic acid was found to be 250,000 (GPC, polysty-
rene conversion).

[Example 3]

[0087] � Step of esterifying and removing ammonia,
� step of removing unreacted ethanol, and � step of
purifying ethyl lactate were performed in the same man-
ner as in Example 1. � Step of polycondensing ethyl
lactate
[0088] 236 g of the purified ethyl L-lactate (with an op-
tical purity of 99.7%) obtained in the step � was placed
into a 500 mL flask equipped with a stirrer, a reflux con-
denser and a thermometer, and a liquid temperature was
raised stepwise from 135°C to 220°C under an ordinary
pressure. During this period, ethyl L-lactate and an L-
lactic acid oligomer generated by the polycondensation
of ethyl L-lactate were refluxed in the flask, and a tem-
perature of cooling water in the reflux condenser was set
at 85°C so as to remove generated ethanol to the outside
of the reaction system.
[0089] Then, a pressure was gradually reduced from
an ordinary pressure to 5 mmHg by taking 3 hours. During
this period, the L-lactic acid oligomer generated by the
polycondensation of ethyl L-lactate was refluxed in the
flask, and a temperature of cooling water in the reflux
condenser was raised stepwise from 10°C to 60°C so as
to remove generated ethanol to the outside of the reaction
system. 91 g of ethanol generated at this time was
trapped and collected in a cold trap equipped at the end
of the reflux condenser. A weight-average molecular
weight of the obtained polycondensed product was
measured by GPC and found to be 2800.
[0090] A portion of this polycondensed product was
sampled, and hydrolyzed with sodium hydroxide. In lactic
acid obtained by the hydrolysis, an optical purity of L-
lactic acid was found to be 99.5%. Decrease of the optical
purity in the polycondensing step was not observed.
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� Step of producing lactide

[0091] To the reaction liquid obtained in the step �
(the L-lactic acid oligomer) was added 1.2 g of tin octylate,
and distillation was performed by keeping a pressure of
5 mmHg and a liquid temperature of 200°C to obtain
142.95 g of LL-lactide as a main fraction (in 99.3% yield
with 99.8% purity). � Step of polymerizing
[0092] 10 g of the lactide obtained in the step � and
0.25 g of tin octylate were placed into a test tube having
a screwed-opening. After the atmosphere was replaced
with a nitrogen gas, the test tube was tightly capped and
the polymerization was performed at 180°C for 20 min-
utes. A weight-average molecular weight of the obtained
polylactic acid was found to be 250,000 (GPC, polysty-
rene conversion).

[Example 4]

[0093] 5L of a culture medium containing 500g of glu-
cose, 100 g of yeast extracts and 100 g of polypeptone
was sterilized by autoclaving, and Streptococcus feacalis
was implanted thereto. This was cultured at 37°C, and
controlled to a pH 7.0 by 6N ammonia water. The cultures
were finished after approximately 15 hours, and the cul-
ture fluid was concentrated. To the concentrated culture
fluid was added 1000 g of ethanol, and ethanol was re-
fluxed for 3 hours by keeping a temperature of 90°C to
100°C. At this time, generated ammonia that was not
trapped by the condenser was recovered by a gas-wash-
ing bottle that was equipped at the end of the condenser
and contained ice-water. Recovery yield of ammonia was
98%. The obtained reaction liquid was kept at a temper-
ature of 80°C to remove (recover) 750g of unreacted eth-
anol by distillation. Subsequently, a temperature of the
reaction liquid was raised to 120°C to distill 120 g of a
water content in the reaction liquid off.
[0094] The obtained reaction liquid was subjected to
simple distillation by reducing a pressure to 50 mmHg
and keeping a liquid temperature at 70°C to 100°C to
obtain 650 g of purified ethyl L-lactate.
[0095] 650 g of the purified ethyl L-lactate obtained
and 3.3 g of tin octylate were placed into a 1000 mL flask
equipped with a stirrer, a condenser, a thermometer and
a tube for introducing a nitrogen gas. A liquid temperature
was kept at 160°C, and a pressure was gradually reduced
from an ordinary pressure to 200 mmHg under a nitrogen
flow by taking 5 hours, thereby distilling off 250 g of eth-
anol generated by the polycondensation of ethyl L-lac-
tate. A weight-average molecular weight of the obtained
polycondensed product was measured by GPC and
found to be 3200.
[0096] The obtained reaction liquid was distilled while
keeping a pressure of 5 mmHg and a temperature of
200°C to obtain 393 g of LL-lactide as a main fraction.
[0097] 10g of the obtained LL-lactide and 0.25 g of tin
octylate were placed into a test tube having a screwed-
opening. After the atmosphere was replaced with a ni-

trogen gas, the test tube was tightly capped and the po-
lymerization was performed at 180°C for 20 minutes. A
weight-average molecular weight of the obtained poly-
lactic acid was found to be 200,000 (GPC, polystyrene
conversion).

[Example 5]

[0098] 4L of a culture medium containing 400 g of xy-
lose derived from a wood material, 80 g of yeast extracts
and 80 g of polypeptone was sterilized by autoclaving,
and the Leuconostoc genus was implanted thereto. This
was cultured at 37°C, and controlled to a pH 7.0 by 6N
ammonia water. The cultures were finished after approx-
imately 25 hours, and the culture fluid was concentrated.
To the concentrated culture fluid was added 500 g of
ethanol, and ethanol was refluxed for 3 hours by keeping
a temperature of 90°C to 100°C. At this time, generated
ammonia that was not trapped by the condenser was
recovered by a gas-washing bottle that was equipped at
the end of the condenser and contained ice-water. Re-
covery yield of ammonia was 98%. The obtained reaction
liquid was kept at a temperature of 80°C to distill 250 g
of unreacted ethanol off. Subsequently, a temperature
of the reaction liquid was raised to 120°C to distill 75 g
of a water content in the reaction liquid off.
[0099] The obtained reaction liquid was subjected to
simple distillation by reducing a pressure to 50 mmHg
and keeping a liquid temperature at 70°C to 100°C to
obtain 310 g of purified ethyl L-lactate and 230 g of ethyl
acetate.
[0100] 310 g of the purified ethyl L-lactate obtained
and 1.5 g of tin octylate were placed into a 1000 mL flask
equipped with a stirrer, a condenser, a thermometer and
a tube for introducing a nitrogen gas. A liquid temperature
was kept at 160°C, and a pressure was gradually reduced
from an ordinary pressure to 200 mmHg under a nitrogen
flow by taking 5 hours, thereby distilling off 120 g of eth-
anol generated by the polycondensation of ethyl L-lac-
tate. (120 g of fresh.ethanol was obtained.) A weight-
average molecular weight of the obtained poly-
condensed product was measured by GPC and found to
be 2900.
[0101] The obtained reaction liquid was distilled while
keeping a pressure of 4 mmHg and a liquid temperature
of 210°C to obtain 283 g of LL-lactide as a main fraction.
[0102] 10 g of the obtained L-lactide and 0.25 g of tin
octylate were placed into a test tube having a screwed-
opening. After the atmosphere was replaced with a ni-
trogen gas, the test tube was tightly capped and the po-
lymerization was performed at 180°C for 20 minutes. A
weight-average molecular weight of the obtained poly-
lactic acid was found to be 190,000 (GPC, polystyrene
conversion).

[Example 6]

[0103] 4L of a culture medium containing 50 g of xylose
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derived from a wood material, 350 g of glucose, 80 g of
yeast extracts and 80 g of polypeptone was sterilized by
autoclaving, and the Leuconostoc genus was implanted
thereto. This was cultured at 37°C, and controlled to a
pH 7.0 by 6N ammonia water. The cultures were finished
after approximately 30 hours, and the culture fluid was
concentrated. To the concentrated culture fluid was add-
ed 400 g of ethanol, and ethanol was refluxed for 3 hours
by keeping a temperature of 90°C to 100°C. At this time,
generated ammonia that was not trapped by the con-
denser was recovered by a gas-washing bottle that was
equipped at the end of the condenser and contained ice-
water. Recovery yield of ammonia was 97%. The ob-
tained reaction liquid was kept at a temperature of 80°C
to distill 426 g of unreacted ethanol off. Subsequently, a
temperature of the reaction liquid was raised to 120°C to
distill 60 g of a water content in the reaction liquid off.
[0104] The obtained reaction liquid was subjected to
simple distillation by reducing a pressure to 50 mmHg
and keeping a liquid temperature at 70°C to 100°C to
obtain 260 g of purified ethyl L-lactate, 20 g of ethyl ac-
etate and 426 g of ethanol.
[0105] 260 g of the purified ethyl L-lactate obtained
and 1.3 g of tin octylate were placed into a 1000 mL flask
equipped with a stirrer, a condenser, a thermometer and
a tube for introducing a nitrogen gas. A liquid temperature
was kept at 160°C, and a pressure was gradually reduced
from an ordinary pressure to 200 mmHg under a nitrogen
flow by taking 5 hours, thereby distilling off 100 g ethanol
generated by the polycondensation of ethyl L-lactate. A
weight-average molecular weight of the obtained poly-
condensed product was measured by GPC and found to
be 2500.
[0106] The obtained reaction liquid was distilled while
keeping a pressure of 5 mmHg and a liquid temperature
of 200°C to obtain 314 g of LL-lactide as a main fraction.
[0107] 10 g of the obtained LL-lactide and 0.25 g of tin
octylate were placed into a test tube having a screwed-
opening. After the atmosphere was replaced with a ni-
trogen gas, the test tube was tightly capped and the po-
lymerization was performed at 180°C for 20 minutes. A
weight-average molecular weight of the obtained poly-
lactic acid was found to be 220,000 (GPC, polystyrene
conversion).
[0108] Accordingly, the examples described above are
only illustrative and should not be interpreted to be limi-
tative. Furthermore, any modification within the scope of
the appended claims is encompassed in the invention.

INDUSTRIAL APPLICABILITY

[0109] According to the present invention, a process
for consistently producing lactide from ammonium lactate
obtained by lactic fermentation, and a process for con-
sistently producing polylactic acid from ammonium lac-
tate obtained by lactic fermentation, are provided. Fur-
ther, according to the present invention, a process for
producing lactate ester from ammonium lactate obtained

by lactic fermentation is provided.
[0110] In the present process, ammonium lactate from
lactic fermentation is esterified as it is, thereby eliminating
the need of a procedure in which lactate salt is converted
to a free form of lactic acid as former processes required.
Consequently, steps in producing lactide and producing
polylactic acid can be reduced, and lactide and polylactic
acid can be produced in less expensive manner.
[0111] Furthermore, in the present process, neutral
ammonium lactate is employed as a starting material,
thereby eliminating the need to use a reactor and tube
with acid resistance properties such as those made of
titanium or glass. Therefore, the present process is eco-
nomic because capital investment for production can be
reduced, comparing with former methods that required
a reactor and tube with acid resistance properties be-
cause a free form of lactic acid is used as a starting ma-
terial.

Claims

1. A process for producing lactide, which comprises the
steps of: (1) synthesizing lactate ester from ammo-
nium lactate obtained by lactic fermentation; (2) poly-
condensing the lactate ester in the presence of a
catalyst other than monobutyltin, whereby polylactic
acid with a weight-average molecular weight of less
than 15,000 (lactic acid prepolymer) is synthesized;
and (3) depolymerizing the polylactic acid, whereby
lactide is produced.

2. The process for producing lactide according to claim
1, wherein the step (1) comprises: allowing the am-
monium lactate obtained by lactic fermentation to
react with alcohol, whereby lactate ester is synthe-
sized; and recovering ammonia.

3. The process for producing lactide according to claim
1, wherein the step (1) comprises: allowing the am-
monium lactate obtained by lactic fermentation to
react with alcohol other than alcohol of which the
number of carbon atoms is 4 or 5, whereby lactate
ester is synthesized; and recovering ammonia.

4. The process for producing lactide according to claim
1, wherein the step (1) comprises: allowing the am-
monium lactate obtained by lactic fermentation to
react with ethanol under a pressurized condition,
whereby ethyl lactate is synthesized; and recovering
ammonia.

5. The process for producing lactide according to claim
1, wherein the step (1) comprises: allowing an aque-
ous solution of the ammonium lactate obtained by
lactic fermentation to react with alcohol of which the
number of carbon atoms is 4 or more in a reactor
under reflux, in which the alcohol is separable from
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water to form two layers with water;
trapping at least a portion of condensed water and
at least a portion of condensed alcohol in a separator;
discharging at least a portion of the water trapped in
the separator as a lower layer; adding fresh water to
the separator and returning at least a portion of the
alcohol trapped in the separator as an upper layer
into the reactor; and repeating this series of the pro-
cedures,
whereby lactate ester is synthesized; and recovering
ammonia.

6. The process for producing lactide according to claim
1, wherein the step (1) comprises: allowing an aque-
ous solution of the ammonium lactate obtained by
lactic fermentation to react with alcohol of which the
number of carbon atoms is 4 or more in a reactor
under reflux, in which the alcohol is separable from
water to form two layers with water; distilling off a
portion of the alcohol or the whole alcohol continu-
ously; and adding fresh alcohol to the reactor, where-
by lactate ester is synthesized; and recovering am-
monia.

7. The process for producing lactide according to claim
1, wherein the step (1) comprises: allowing the am-
monium lactate obtained by lactic fermentation to
react with ethanol; after completing the reaction, dis-
tilling off ethanol and ethyl lactate, respectively;
adding fresh ethanol to a remained solution of the
ammonium lactate or adding fresh ethanol and fresh
ammonium lactate obtained by lactic fermentation
to the remained solution of the ammonium lactate;
allowing the ammonium lactate to react with ethanol
again; and repeating this reaction procedure, where-
by ethyl lactate is synthesized; and recovering am-
monia.

8. The process for producing lactide according to claim
1, wherein the polycondensation in the step (2) is
conducted while refluxing the lactate ester and/or
the polylactic acid (lactic acid prepolymer) which is
a polycondensed product of the lactate ester.

9. The process for producing lactide according to claim
1, wherein the step (2) comprises: polycondensing
the lactate ester, whereby the lactic acid prepolymer
is obtained; and recovering generated alcohol.

10. The process for producing lactide according to claim
1, wherein the step (2) comprises raising a temper-
ature of a reactor continuously in the step of poly-
condensing the lactate ester.

11. The process for producing lactide according to claim
1, wherein the step (1) comprises: culturing a micro-
organism capable of conducting hetero-lactic fer-
mentation in a culture medium containing hexose

while controlling a pH value with ammonia to produce
the ammonium lactate and ethanol; and
allowing the ammonium lactate to react with alcohol,
whereby lactate ester is synthesized; and recovering
ammonia.

12. The process for producing lactide according to claim
1, wherein the step (1) comprises: culturing a micro-
organism capable of conducting hetero-lactic fer-
mentation in a culture medium containing hexose
while controlling a pH value with ammonia to produce
the ammonium lactate and ethanol; and
allowing the ammonium lactate to react with alcohol
other than alcohol of which the number of carbon
atoms is 4 or 5, whereby lactate ester is synthesized;
and recovering ammonia.

13. The process for producing lactide according to claim
1, wherein the step (1) comprises: culturing a micro-
organism capable of conducting hetero-lactic fer-
mentation in a culture medium containing pentose
while controlling a pH value with ammonia to produce
ammonium lactate and ammonium acetate;
allowing the ammonium lactate and the ammonium
acetate to react with ethanol, whereby ethyl lactate
and ethyl acetate are synthesized, respectively; re-
covering ammonia; and further removing ethyl ace-
tate by distillation; and
wherein the step (2) comprises: polycondensing the
ethyl lactate, whereby the lactic acid prepolymer is
obtained; and recovering ethanol.

14. The process for producing lactide according to claim
1, wherein the step (1) comprises: culturing a micro-
organism capable of conducting hetero-lactic fer-
mentation in a culture medium containing pentose
and hexose while controlling a pH value with ammo-
nia to produce ammonium lactate, ethanol and am-
monium acetate;
allowing the ammonium lactate and the ammonium
acetate to react with ethanol, whereby ethyl lactate
and ethyl acetate are synthesized, respectively; re-
covering ammonia; and further removing the ethyl
acetate by distillation; and
wherein the step (2) comprises: polycondensing the
ethyl lactate, whereby the lactic acid prepolymer is
obtained; and recovering ethanol.

15. A process for producing polylactic acid, which com-
prises ring-opening polycondensing lactide obtained
by a process according to claim 1, whereby polylactic
acid is obtained.

Patentansprüche

1. Verfahren zum Herstellen von Lactid, das folgende
Schritte umfasst:
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(1) Synthetisieren von Lactatester aus Ammo-
niumlactat, das durch Milchsäuregärung erhal-
ten wird; (2) Polykondensieren des Lactatesters
in Gegenwart eines anderen Katalysators als
Monobutyltin, wodurch Polymilchsäure mit ei-
nem durchschnittlichen Molekulargewicht von
weniger als 15.000 (Milchsäure-Vorpolymer)
synthetisiert wird; und (3) Depolymerisieren der
Polymilchsäure, wodurch Lactid erzeugt wird.

2. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (1) umfasst:

Ablaufenlassen der Reaktion des durch Milch-
säuregärung erhaltenen Ammoniumlactats mit
Alkohol, wodurch Lactatester synthetisiert wird;
und Zurückgewinnen von Ammoniak.

3. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (1) umfasst:

Ablaufenlassen der Reaktion des durch Milch-
säuregärung erhaltenen Ammoniumlactats mit
Alkohol außer einem Alkohol, dessen Anzahl
von Kohlestoffatomen 4 oder 5 beträgt, wodurch
Lactatester synthetisiert wird; und Zurückgewin-
nen von Ammoniak.

4. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (1) umfasst:

Ablaufenlassen der Reaktion des durch Milch-
säuregärung erhaltenen Ammoniumlactats mit
Ethanol unter einer Druckluftbedingung, wo-
durch Ethylacetat synthetisiert wird; und Zurück-
gewinnen von Ammoniak.

5. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (1) umfasst:

Ablaufenlassen der Reaktion einer wässrigen
Lösung des durch Milchsäuregärung erhaltenen
Ammoniumlactats mit Alkohol, dessen Anzahl
von Kohlenstoffatomen 4 oder mehr beträgt, in
einem unter Rückfluss kochenden Reaktor, in
dem der Alkohol von dem Wasser abscheidbar
ist, so dass zwei Schichten mit Wasser gebildet
werden;
Auffangen von zumindest einem Anteil des kon-
densierten Wassers und zumindest einem An-
teil des kondensierten Alkohols in einem Ab-
scheider;
Abführen von zumindest einem Anteil des in
dem Abscheider aufgefangenen Wassers als ei-
ne untere Schicht;
Hinzufügen von Frischwasser in den Abschei-
der und Rückführen von zumindest einem Anteil
des in dem Abscheider als eine obere Schicht

aufgefangenen Alkohols in den Reaktor; und
Wiederholen dieser Folge der Verfahrensschrit-
te,
wodurch Lactatester synthetisiert wird; und
Zurückgewinnen von Ammoniak.

6. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (1) umfasst:

Ablaufenlassen einer Reaktion der wässrigen
Lösung des durch Milchsäuregärung erhaltenen
Ammoniumlactacts mit Alkohol, dessen Anzahl
von Kohlenstoffatomen 4 oder mehr beträgt, in
einem unter Rückfluss kochenden Reaktor, in
dem der Alkohol von dem Wasser abscheidbar
ist, so dass zwei Schichten mit Wasser gebildet
werden;
kontinuierliches Abdestillieren eines Anteils des
Alkohols oder gesamten Alkohols; und
Hinzufügen von Frischalkohol in den Reaktor,
wodurch Lactatester synthetisiert wird; und
Zurückgewinnen von Ammoniak.

7. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (1) umfasst:

Ablaufenlassen der Reaktion des durch Milch-
säuregärung erhaltenen Ammoniumlactat mit
Ethanol;
nach Beenden der Reaktion, Abdestillieren von
jeweils Ethanol und Ethyllactat;
Hinzufügen von Frischethanol zu einer verblie-
benen Lösung des Ammoniumlactat oder Hin-
zufügen von Frischethanol und Frischammoni-
umlactat, das durch Milchsäuregärung erhalten
wird, zu der verbliebenen Lösung des Ammoni-
umlactats;
erneutes Ablaufenlassen der Reaktion des Am-
moniumlactat mit Ethanol;
und Wiederholen dieses Reaktionsvorgangs,
wodurch Ethyllactat synthetisiert wird; und
Zurückgewinnen von Ammoniak.

8. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei die Polykondensierung in Schritt (2) durch-
geführt wird, während das Lactatester und/oder die
Polymilchsäure (Milchsäure-Vorpolymer), bei der es
sich um ein polykondensiertes Produkt des Lactate-
sters handelt, unter Rückfluss gekocht werden.

9. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (2) umfasst:

Polykondensieren des Lactatesters, wodurch
das Milchsäure-Vorpolymer erhalten wird; und
Zurückgewinnen des erzeugten Alkohols.

10. Verfahren zum Herstellen von Lactid nach Anspruch
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1, wobei Schritt (2) ein kontinuierliches Erhöhen ei-
ner Temperatur eines Reaktors in dem Schritt der
Polykondensierung des Lactatester umfasst.

11. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (1) umfasst:

Kultivieren eines Mikroorganismus, der geeig-
net ist, eine heterofermentative Milchsäuregä-
rung durchzuführen, in einem hexosehaltigen
Nährboden, während ein pH-Wert mit Ammoni-
ak gesteuert wird, um das Ammoniumlactat und
Ethanol zu erzeugen; und
Ablaufenlassen der Reaktion des Ammonium-
lactats mit Alkohol, wodurch Lactatester synthe-
tisiert wird; und
Zurückgewinnen von Ammoniak.

12. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (1) umfasst:

Kultivieren eines Mikroorganismus, der geeig-
net ist, eine heterofermentative Milchsäuregä-
rung durchzuführen, in einem hexosehaltigen
Nährboden, während ein pH-Wert mit Ammoni-
ak gesteuert wird, um das Ammoniumlactat und
Ethanol zu erzeugen; und
Ablaufenlassen der Reaktion des Ammonium-
lactat mit Alkohol außer Alkohol, dessen Anzahl
von Kohlenstoffatomen 4 oder 5 beträgt, wo-
durch Lactatester synthetisiert wird; und
Zurückgewinnen von Ammoniak.

13. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (1) umfasst:

Kultivieren eines Mikroorganismus, der geeig-
net ist, eine heterofermentative Milchsäuregä-
rung durchzuführen, in einem pentosehaltigen
Nährboden, während ein pH-Wert mit Ammoni-
ak gesteuert wird, um Ammoniumlactat und Am-
moniumacetat zu erzeugen;
Ablaufenlassen einer Reaktion des Ammonium-
lactats und des Ammoniumacetats mit Ethanol,
wodurch jeweils Ethyllactat und Ethylacetat syn-
thetisiert werden;
Zurückgewinnen von Ammoniak; und ferner
Entfernen des Ethylacetat durch Destillation;
und
wobei Schritt (2) umfasst: Polykondensieren
des Ethyllactat, wodurch das Milchsäure-Vorp-
olymer erhalten wird; und
Zurückgewinnen von Ethanol.

14. Verfahren zum Herstellen von Lactid nach Anspruch
1, wobei Schritt (1) umfasst:

Kultivieren eines Mikroorganismus, der geeig-

net ist, eine heterofermentative Milchsäuregä-
rung durchzuführen, in einem pentose- und
hexosehaltigen Nährboden, während ein pH-
Wert mit Ammoniak gesteuert wird, um Ammo-
niumlactat, Ethanol und Ammoniumacetat zu er-
zeugen;
Ablaufenlassen der Reaktion des Ammonium-
lactats und des Ammoniumacetats mit Ethanol,
wodurch jeweils Ethyllactat und Ethylacetat syn-
thetisiert werden;
Zurückgewinnen von Ammoniak; und ferner
Entfernen des Ethylacetats durch Destillation;
und
wobei Schritt (2) umfasst: Polykondensieren
des Ethyllactat, wodurch das Milchsäure-Vorp-
olymer erhalten wird; und
Zurückgewinnen von Ethanol.

15. Verfahren zum Herstellen von Polymilchsäure, die
ein ringöffnendes, polykondensierendes Lactid um-
fasst, das durch ein Verfahren nach Anspruch 1 er-
halten wird, wodurch Polymilchsäure erhalten wird.

Revendications

1. Procédé pour la production de lactide, qui comprend
les étapes consistant à : (1) synthétiser un ester lac-
tique à partir du lactate d’ammonium obtenu par fer-
mentation lactique ; (2) soumettre l’ester lactique à
une polycondensation en présence d’un catalyseur
autre que le monobutylétain, donnant lieu à une syn-
thèse d’acide polylactique possédant un poids mo-
léculaire moyen en poids inférieur à 15 000 (prépo-
lymère de l’acide lactique) ; et (3) soumettre l’acide
polylactique à une dépolymérisation afin d’obtenir
du lactide.

2. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (1) comprend la
mise en réaction du lactate d’ammonium que l’on
obtient par fermentation lactique avec de l’alcool
donnant lieu à une synthèse d’ester lactique, et la
récupération d’ammoniac.

3. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (1) comprend la
mise en réaction du lactate d’ammonium que l’on
obtient par fermentation lactique avec un alcool autre
qu’un alcool dont le nombre d’atomes de carbone
est égal à 4 ou 5, donnant lieu à une synthèse d’ester
lactique, et la récupération d’ammoniac.

4. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (1) comprend la
mise en réaction du lactate d’ammonium que l’on
obtient par fermentation lactique avec de l’éthanol
dans des conditions de mise sous pression, donnant
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lieu à la
synthèse de lactate d’éthyle, et la récupération d’am-
moniac.

5. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (1) comprend la
mise en réaction d’une solution aqueuse du lactate
d’ammonium que l’on obtient par fermentation lacti-
que, avec un alcool dont le nombre d’atomes de car-
bone est égal à 4 ou plus dans un réacteur, dans
des conditions de reflux, l’alcool pouvant être séparé
de l’eau pour former deux couches avec l’eau ;
la prise au piège d’au moins une portion de l’eau
condensée et d’au moins une portion de l’alcool con-
densé dans un séparateur ; l’évacuation d’au moins
une portion de l’eau prise au piège dans le sépara-
teur, sous la forme d’une couche inférieure ; l’addi-
tion d’eau fraîche au séparateur et le renvoi d’au
moins une portion de l’alcool pris au piège dans le
séparateur, à titre de couche supérieure, dans le
réacteur ; et la répétition de cette série d’opérations ;
donnant lieu à la synthèse d’ester lactique ; et la ré-
cupération d’ammoniac.

6. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (1) comprend la
mise en réaction d’une solution aqueuse du lactate
d’ammonium que l’on obtient par fermentation lacti-
que, avec un alcool dont le nombre d’atomes de car-
bone est égal à 4 ou plus dans un réacteur, dans
des conditions de reflux, l’alcool pouvant être séparé
de l’eau pour former deux couches avec l’eau ; l’éli-
mination par distillation d’une portion de l’alcool ou
bien de la totalité de l’alcool en continu ; et l’addition
d’alcool frais au réacteur, donnant lieu à la synthèse
d’ester lactique ; et la récupération d’ammoniac.

7. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (1) comprend la
mise en réaction du lactate d’ammonium que l’on
obtient par fermentation lactique avec de l’éthanol ;
au terme de la réaction, l’élimination par distillation
de l’éthanol et du lactate d’éthyle, respectivement ;
l’addition d’éthanol frais à une solution résiduelle du
lactate d’ammonium ou l’addition d’éthanol frais et
de lactate d’ammonium frais que l’on obtient par fer-
mentation lactique à la solution résiduelle du lactate
d’ammonium ; la nouvelle mise en réaction du lac-
tate d’ammonium avec de l’éthanol ; et la répétition
de cette procédure réactionnelle, donnant lieu à la
synthèse de lactate d’éthyle ; et la récupération
d’ammoniac.

8. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel la polycondensation à
l’étape (2) est mise en oeuvre tandis que l’on porte
à reflux l’ester lactique et/ou l’acide polylactique (pré-
polymère de l’acide lactique) qui représente un pro-

duit polycondensé de l’ester lactique.

9. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (2) comprend la
polycondensation de l’ester lactique, pour obtenir le
prépolymère d’acide lactique ; et la récupération de
l’alcool généré.

10. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (2) comprend l’élé-
vation de la température du réacteur en continu dans
l’étape de polycondensation de l’ester lactique.

11. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (1) comprend la
mise en culture d’un micro-organisme capable de
mettre en oeuvre une fermentation hétérolactique
dans un milieu de culture contenant de l’hexose, tout
en réglant la valeur de pH avec de l’ammoniac pour
obtenir le lactate d’ammonium et de l’éthanol ; et
la mise en réaction du lactate d’ammonium avec un
alcool, pour ainsi synthétiser l’ester lactique ; et la
récupération d’ammoniac.

12. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (1) comprend la
mise en culture d’un micro-organisme capable de
mettre en oeuvre une fermentation hétérolactique
dans un milieu de culture contenant de l’hexose, tout
en réglant la valeur de pH avec de l’ammoniac pour
obtenir le lactate d’ammonium et de l’éthanol ; et
la mise en réaction du lactate d’ammonium avec un
alcool autre qu’un alcool dont le nombre d’atomes
de carbone est égal à 4 ou 5, donnant lieu à une
synthèse d’ester lactique, et la récupération d’am-
moniac.

13. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (1) comprend la
mise en culture d’un micro-organisme capable de
mettre en oeuvre une fermentation hétérolactique
dans un milieu de culture contenant du pentose, tout
en réglant la valeur de pH avec de l’ammoniac pour
obtenir du lactate d’ammonium et de l’acétate
d’ammonium ;
la mise en réaction du lactate d’ammonium et de
l’acétate d’ammonium avec de l’éthanol, pour obte-
nir la synthèse de lactate d’éthyle et d’acétate d’éthy-
le, respectivement ; la récupération d’ammoniac ; et
l’élimination ultérieure de l’acétate d’éthyle par
distillation ; et
l’étape (2) comprenant la polycondensation du lac-
tate d’éthyle pour obtenir le prépolymère d’acide lac-
tique, et la récupération d’éthanol.

14. Procédé pour la production de lactide selon la re-
vendication 1, dans lequel l’étape (1) comprend la
mise en culture d’un micro-organisme capable de

25 26 



EP 1 357 119 B1

15

5

10

15

20

25

30

35

40

45

50

55

mettre en oeuvre une fermentation hétérolactique
dans un milieu de culture contenant du pentose et
de l’hexose, tout en réglant la valeur de pH avec de
l’ammoniac pour obtenir du lactate d’ammonium, de
l’éthanol et de l’acétate d’ammonium ;
la mise en réaction du lactate d’ammonium et de
l’acétate d’ammonium avec de l’éthanol, pour obte-
nir la synthèse de lactate d’éthyle et d’acétate d’éthy-
le, respectivement ; la récupération d’ammoniac ; et
l’élimination ultérieure de l’acétate d’éthyle par
distillation ; et
dans lequel l’étape (2) comprend la polycondensa-
tion du lactate d’éthyle pour obtenir le prépolymère
d’acide lactique, et la récupération d’éthanol.

15. Procédé de production d’acide polylactique, qui
comprend une polycondensation de lactide par
ouverture de cycle, que l’on obtient via un procédé
selon la revendication 1, pour ainsi obtenir de l’acide
polylactique.
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