1 DESCRIPTION Method for Producing Lactic Acid and Method for Producing Polylactic acid
TECHNICAL FIELD 5[0001] The present invention relates to a method for producing lactic acid, in
which a microorganism having an ability of lactic aci8l fermentation is cultured and lactic acid produced
in the obtained fermentation broth is separated, and a method for producing a polylactic acid using the
lactic acid obtained by the method for producing lactic acid. The present invention also relates to the
lactic acid and the polylactic acid obtained bythegg:psagusiion methods. BACKGROUND ART [0002]
Lactic acid is widely used for food, pharmaceuticals and the like, and also 5 widely applied to
industrial uses asvcthondmer-sdaterial farohdachcdvigwhich sradbiadeg@drble-plagtic, so that its
demand is increasing. Lactic acid is known to be produced by fermentation by microorganisms which
convert carbohydrate-containing substrates represented by glucose into lactic acid. [0003] 20In order
to obtain lactic acid as a raw material for polylactic acid, a highly productive production method of
lactic acid is &%@ﬁ%giﬁ%é:ﬁ%]?ecessary amount of lactic acid is large. For enhancement of the
prodquivity oﬁfd&ﬂ(;c acid, a high yield relative to sugar consumption in the microbial fermentation as
well asa high production rate of lactic acid per unit time per unit volume are indispensable, and, in
25Patent Document mpethed [ e [r [qn rate, by.a cultur ratus using a
porous membrane isﬂgi?salélosed. [(‘)gglé%éﬁIJrilL %@9&@32%% yéll{ti:%g fcc)?g%ggnﬂgg%)%%%hgcggcéébﬁa‘%rﬁ%t gd by
ring-opening palymesizatiomaetiastidepuhichisaeyelia dimes 9 iRl acidol anmethad by direct
polymerization of a raw material lactic acid. In the iactide method, lactic acid is once Migomerized and
then depolynreriz ecbiihitel isolatingttactidépradieed), Bwhidhk isgtherc§ubjdctedthgingopening
polymerization in the presence of a catalyst. In this method, the polymerization process is complicated
and hence refigifesi ReLE RO Btk st Hee | apiithisigrobesredmpuhitiesthathdoraw material lactic
acid can be removed bg/ the opgration of lactide isolation, a raw material lactic acid of relatively low

qualitycan b QSUFESHHGS dincd HnPrTERSYIRERH Sh &tked to the lactic acid and the

polylactic acid obtained by these production methods.
BACKGROUND ART
[0002]

Lactic acid is widely used for food, pharmaceuticals and the like, and also

o]

5 widely applied to industrial uses as a monomer material for polylactic acid, which is
a biodegradable plastic, so that its demand is increasing. Lactic acid is known to be
produced by fermentation by microorganisms which convert carbohydrate-containing
substrates represented by glucose into lactic acid.

[0003]

20 In order to obtain lactic acid as a raw material for polylactic acid, a highly

productive production method of lactic acid is required since the necessary amount
of lactic acid is large.  For enhancement of the productivity of lactic acid, a high
yield relative to sugar consumption in the microbial fermentation as well as a high
production rate of lactic acid per unit time per unit volume are indispensable, and, in

25 Patent Document 1, a method of enhancement of the production rate by a culture

apparatus using a porous membrane is disclosed.

[0004]



10lactic acid, such as inorganic ions, cause decrease in the yield of lactide to be isolated, the raw
material lactic acid needs to be relatively free from impurities. On the other hand, in the direct
polymerization method, the raw material lactic acid ig subjected to direct dehydration polycondensation
in the presence of a catalyst. In this method, simplification of the process can be expected compared
to the lactide method, but 15 impurities that inhibit the polymerization need to be preliminarily
removed from the raw material lactic acid, to provide a high-quality raw material lactic acid. Thus, the

purification efficiency di4aCAE S thftie Re SEatrehhX ACBRBIH BY SIBE9BRMIREOT lactide and polylactic

acid. [0005] Zg roduction of lactic acid by microbial feymentation is carried out h(isgO adding an
alkaline subs %ggﬂ%l fecu ﬁ%c%%diﬁﬁy%l%%Fﬂgiiﬁ f{%%a%rp?ink]ucr%cp‘nﬁl OPfk?en?ﬁ\%P %’é’l fermentation,

and examplesioE e AAIRE ASIFQS: 1920 108 VBB ngge gafgum hyaroxide

In cases where calcium hydroxide was used, the lactic acid produced by microbial fermentation exists

in the culture mativenRAseAsUE kactate: Ry adding.An AtdicisyRsIANGE &Gy SHIfUAC acid) to the
culture medium after completion of the culture, a solution of free lactic acid can be obtained, but a

calciun® salt (evicleadchem suifatediscoyrproguced asiamdmpuiity in3{O@06knce Aaacardthad for
separating lactic acid by removing the by-produced calcium salt, in cases where an insoluble calcium
salt such as caiciipsiitateh REY.24 PRAISE By SHeratdicand aph fushteaiefitaryshper or the
like is used, but a small 5amaount of.the calcium salt dissolved jn the solution cannot be removed, and

remains in the Tactic aciastontAlifg SO FaTe FETRTEURT JA SN TN SPa Al A Hte?EBhtdthing lactic
ol e R e B Qe o

inorganic acids deposit (precipitate olution containing free lactic acid, which has been

problematic. dl#ngwnthatidfitheoRRalicacid-cantainingsoitionfiemyiich.ingrganis ions have not
been sufficiently removed is heated by an operation such as distillation, the inorganic ions allow
racenization kdodigdnecizationoefdactimacidaaspraceede [R00Z]iamplesiat thebmethed ©f removal
of small amounts of inorganic ions from 15a lactic acid-containing solution include methods using
ion-exchangelPeis feriyriddachatetitd Dewdinie he 29l dtivelever incondermermaintaimtthe isheexchange
performance of tge,ion-ex,change resin, the ion-exchange resin must be regenerated periodically.

Further, since'P8getfeikitiicst BN prEZeham g tdnthe cavrigwistiblpeiis s g subiseadt® of an

agueous sodia;m%ﬁ%ﬁ)x'dg. solu(t)' n and an aglueng ?g/drochlo [o aci%ZOs ution, a | rgifeamount of
c i

waste fluid is dis arg : u?lrﬁst é:(?%geenﬁq”él?g olrl;‘,tso ar 4 iarge SRt of @8 e tired for waste

iquid disposal ek beaR prablemalicy E ket ASRERIEHLITGTRSTAIRR o aporerchange resin

results in decrease in the regeneration rate of the ion-exchange resin, as well as decrease in the
ion-exchangepetisnmamaeidradingtp decraase: i e desey ploate Mfinp reaiic-agide: 2Rwhich have
been problematic.
raw material lactic acid, to provide a high-guality raw material lactic acid. Thus,
the purification efficiency of lactic acid influences the enhancement of productivity
of lactide and polylactic acid.
fO005]
20 Production of lactic acid by microbial fermentation is carried out while
adding an alkaline substance to the culture medium to maintain the optimum pH for
the microbial fermentation, and examples of the alkaline substance to be added to the
culture medium include caleium hydroxide. In cases where calcium hydroxide was
used, the lactic acid produced by microbial fermentation exists in the culture medium
25 as calcium lactate. By adding an acidic substance (e.g., sulfuric acid) to the culture

medium after completion of the culture, a solution of free lactic acid can be obtained,

but a calcium salt (e.g., calcium suifate) is by-produced as an impurity.



[0008] Further, methods of removal of small amounts of inorganic ion components 4 such as calcium
components from a lactic acid-containing solution using an electrodialyzer with a bipolar membrane
are also known (e.g., see Patent Document 3). However, the bipolar membrane used in these
methods is expensive and the efficiency of removal of inorganic salts such as calcium salts is not
necessarily high, 5which have been problematic. [0009] Further, methods of removal of inorganic
salts from a lactic acid-containing solution using a nanofiltration membrane have been disclosed (e.g.,
see Patent Di%gﬂgénts 4 to 6). However, a step of recovery of lactic acid by distillation, the 10 effect

of distillation on the yjeld of lactic. acid, and th pssibi%i%%of appllca'z}%n of the obtgg%d_lactlc acid to

T ng ~118. acl ing.t -0 3
industrial-scale production 6 8“p’“8|§?§gﬁ‘éa’é{‘éﬁd?%§“ iFSEE BOILTSHYRABIT RV RGtI5E&H Biktlosed. [0010]

Furthr. in Palgnt Hegushis:d 4 0 hadacidhal e ampue.Ale; ;%gg%gg priipnfiies,need to be

less than particular levels in order to obtain a high-molecular- weig as been _
disclosed, butibhinflbefices ohimpuriies.anthe dTamasiatilithemeshanical strengitand hue, which
are important factors for the processability of polylactic acids, have not been disclosed. PRIOR ART
DOCUMENT 82o@atentd oelgmenis! {00st] {PhierhOaduimentabhy 02007082604 RataintsDocument
2] Japanese Translated PCT Patent Application Laid-open No. 2001-506274 25[Patent Document 3]
JP 2005-270025"% fssieptibsenimemaiasionosTberpiuteit DycambntelusB88E:728 5

containing lactic acid is, for example, concentrated in a later purification step, the
calcium salt and other soluble inorganic acids deposit (precipitate) in the solution
containing free lactic acid, which has been problematic. It is known that, if the
10 lactic acid-containing solution from which inorganic ions have not been sufficiently
removed is heated by an operation such as distillation, the inorganic ions allow
racemization and oligomerization of lactic acid to proceed.
[0007]
Examples of the method of removal of small amounts of inorganic ions from
15 a lactic acid-containing solution include methods using ion-exchange resins (e.g., see
Patent Document 2).  However, in order to maintain the ion-exchange performance
of the ion-exchange resin, the ion-exchange resin must be regenerated periodically.
Further, since regeneration of an ion-exchange resin is carried out by using large
amounts of an aqueous sodium hydroxide solution and an aqueous hyvdrochloric acid
20 solution, a large amount of waste fluid is discharged during the regeneration, so that
a large amount of cost is required for waste liquid disposal, which has been
problematic.  Further, repeated regeneration of an ion-exchange resin results in
decrease in the regeneration rate of the ion-exchange resin, as well as decrease in the
ion-exchange performance, leading to decrease in the removal rate of inorganic acids,
25 which have been problematic.
[0008]

Further, methods of removal of small amounts of inorganic ion components



[Patent Document 6] US 2004/0033573 [Patent Document 7] JP 6-279577 A [Patent Document 8] JP
7-133344 A [Patent Document 9] JP 8-188642 A 5[Patent Document 10] JP 9-31170 A SUMMARY OF
THE INVENTION PROBLEMS TO BE SOLVED BY FHE INVENTION [0012] One of the objects of the
present invention is to provide a method for 10producing lactic acid with high productivity, which lactic
acid can be applied to industrial-scale production of a polylactic acid by direct polymerization and can

be used for high-yield synthesis of lactide; and methods for producing lactide and a polylactic acid
using the Iact%‘é%/i%f fﬁlﬁﬁ@r? (ARPOPSEEF R EHASHCAREL 60 %tf)‘{ﬁmgaggbﬁgﬂﬁbﬁ%‘%m?having excellent

thermal Stabil@éc'f?&ﬁ@ﬁ@&%ﬁ%@ﬁb%?%Q}ﬁ%r%?edagjéa ég)ﬁ{r%/ggleé!ﬁgti%e% 'iﬂigﬁy\@g:h the amounts of

specific impurities are riot more certain amount, and lacti a poly Actic acid obtained using

the lactic acichas aawmateHRbNEANSFORSRLY INGIHE AROBLEMSII013h29The present

inventors intensively studied to solve the above problems and discovered that culturing of a
microorganisrmetheiving aif ahilityxla proshgeeiteetie aaith ims a Aonfinyelisi culbty e appaiatusdising a
porous membrane enables to obtain lactic acid in the permeate at a high yield and at a high production
rate, afd, by prowidiny eHeegbraienéieneate for a nanofiltration step and a distillation step, lactic acid
25which is applicable to direct polymerization and allows high-yield synthesis of lactide can be
obtained. Furthd ,gt]ne present inventors discovered that, by using lactic acid, in which the amounts of

particular impurities are &t lrp}gtreogg%? %arg%gl%‘f?l(l)ervgljl§é asaraw m terial for a %%Iacyc acid,
lactide having excellen’f[ ué and a polylactic acu% jhav?’ng exceilent the ?ﬁgﬁsat%llﬁlﬂﬁ@ 8kanical

strength and Qug,can s biained ALAigh vislds herehy cOmpleting: e Bresenpigygntion. (0014] That
is, the present invention is constituted by the following (1) to (15).
Documents 4 to 6). However, a step of recovery of lactic acid by distillation, the
10 effect of distillation on the yield of lactic acid, and the possibility of application of
the obtained lactic acid to industrial-scale production of a polylactic acid by direct
polymerization have not been disclosed.
[0010]
Further, in Patent Documents 7 to 10, the fact that the amounts of particular
15 impuritics need to be less than particular levels in order o obtain a high-molecular-
weight polylactic acid has been disclosed, but the influences of impurities on the
thermal stability, mechanical strength and hue, which are important factors for the
processability of polylactic acids, have not been disclosed.
PRIOR ART DOCUMENTS
20 Patent Documents
[0011]
[Patent Document 1] W0O2007/097260
[Patent Document 2§ Japanese Translated PCT Patent Application Laid-open No.
2001-506274
25 fPatent Document 3] JP 2005-270025 A
tPatent Document 4] US 5503750

[Patent Document 5] US 5681728



[0015] (1) A method for producing lactic acid, the method comprising the Steps (A) to (C) below:
(A) a step of continuous fermentation wherein a fermentation culture medium 100f a microorganism
having an ability of lactic acid fermentation is filteredbthrough a porous membrane having an average
pore size of not less than 0.01 pm and less than 1 um with a transmembrane pressure difference
within the range of 0.1 to 20 kPa, and the permeate is collected, while retaining the non-permeated

liquid in or relﬁ;niig Oecgr%[clfg(%m&a&%%@kpjgg%he culture medium, and adding a fermentation

15feedstock to the culture me ) a step of filtering the permeate obtained in Step (A)

through a nanefjitratiop Memrang: andos77 A (C) a step of distilling the permeate obtained in Step
(B) under a pressure of not less than 1 Pa and not more than atmospheric pressure, at not less than

25C and 20n¢ranareibamz00 €| torrecosriagtic acid. [0016] (2) A method for producing tactic acid
according to (1), wherein the pH of the permeate obtained in the Step (A) is adjusted to not less than 2
and not more|tfeent Bodoliowet |3y Brobiiifg the permeate for the Step (B). 25[0017] 7 solution
containing lactic acid obtained after Step (D), in which the calcium component in the permeate
obtained in the Steh I8y i@ Bl a5 Hr Tlsbluble sulfate, is provided for the Step (B). [0018] 5(4)

The method f % ' é ' g t% to any one of (1) to (3), wherein the ratio of the
permeation regé of %gﬂ; %Cr‘?l&%lc} t‘gﬁgg ivrégto the permeation rate of citric acid through the
nanofiltration Wﬁ%ﬁ‘@%ﬁg%ihﬁﬁﬁ g@p@@w%&?ﬁgﬁgure of 0.5 MPa, raw quid temperfature
of 25C and concentration in the raw liquid of 2000 ppm. 10[0019] (5) The method for producing

lactic acid acgonding to any one of (1) to (4), wherein the permeation rate of magnesium sulfate
through the nanofiltration membrane is not more than 1.5% at an operation pressure of 0.5 MPa, raw
liquid temperature of250{ahd dgrcenifatiopris¢heiraentiguickod HOOA e AhHRDRO)] (6) The
method for producing lactic acid according to any one of (1) to (5), wherein the membrane material of
the nafofiltratiétiiseradrahe dompiibds 2 popgaefiaey[odagh lactic acid can be applied to

industrial-scale production of a polylactic acid by direct polvmerization and can be
used for high-yield synthesis of lactide; and methods for producing lactide and a
polylactic acid using the lactic acid.  Further, the present invention aims to obtain a
polylactic acid having excellent thermal stability, mechanical strength and hue, and

15 to provide lactic acid in which the amounts of specific impurities are not more than
certain amount, and lactide and a polyvlactic acid obtained using the lactic acid as a
raw material.

MEANS FOR SOLVING THE PROBLEMS
{0013}

20 The present inventors intensively studied to solve the above problems and
discovered that culturing of a microorganism having an ability to produce lactic acid
in a continuous culture apparatus using a porous membrane enables to obtain lactic
acid in the permeate at a high yield and at a high production rate, and, by providing
the obtained permeate for a nanofiltration step and a distillation step, lactic acid

25 which is applicable to direct polymerization and allows high-yield synthesis of
lactide can be obtained. Further, the present inventors discovered that, by using

lactic acid, in which the amounts of particular impurities are not more than particular



20(7) The method for producing lactic acid according to (6), wherein the polyamide comprises a
cross-linked piperazine polyamide as a major component and further comprises a constituting
component represented by Chemical Formula 1: [0022] [Chemical Formula I] , N- n 8 Chemical
Formula 1 [0023] (wherein R represents -H or -C143; and n represents an integer of O to 3). (8) A
method for producing Iactide wherein lactic acid obtained by the 5method for producing lactic acid

according to ny.0 Ege of (1 ctﬁl e)B sed as 4 raw ma a{ &O? thod for producing a

polylactic aci fein alnoerc?t? theetliod 1or pro ucm%&fa m %%Fld]i 8to (8) is

polymerized. 2000925) i (L0} MeRd arRIoduEing:A n%/éﬂgﬂﬁ;gqgexvﬁ%@ 1agelic.agld obtained

by the method for producing lactic acid according to any one of (1) to (7) is polymerized by direct

dehydration psiygaadensatione[0026L4b Lipaaticcasidprhese 908 agueous solution contains
methanol at a concentration of not more than 70 ppm, pyruvic acid at a concentration of not more than

500 ppm, furfiffal 4k a concentration of not more than 15 ppm, 5- hydroxymethylfurforal at a
concentration of not more than 15 ppm, methyl lactate at
5 That is, the present invention is constituted by the following (1) to (15).
j0015]
(1) A method for producing lactic acid, the method comprising the Steps (A)
to (C) below:
(A) a step of continuous fermentation wherein a fermentation culture medium
10 of a microorganism having an ability of lactic acid fermentation is filtered through a
porous membrane having an average pore size of not less than 0.01 pm and less than
1 um with a fransmembrane pressure difference within the range of 0.1 to 20 kPa,

and the permeate is collected, while retaining the non-permeated liquid in or

returning the non-permeated liquid to the culture medium, and adding a fermentation

fod
wn

feedstock to the culture medium;
(B) a step of filtering the permeate obtained in Step (A) through a
nanofiltration membrane; and
(C) a step of distilling the permeate obtained in Step (B) under a pressure of
not less than 1 Pa and not more than atmospheric pressure, at not less than 25°C and
20 not more than 200°C to recover lactic acid.
[0016]
(2) A method for producing lactic acid according to (1), wherein the pH of the
permeate obtained m the Step (A) is adjusted to not Iess than 2 and not more than 4.5,
followed by providing the permeate for the Step (B).
25 [0017]
(3) The method for producing lactic acid according to (1) or (2), wherein the

Step (A) is a step of continuous fermentation in the presence of a calcium salt, and a



a concentration of not more than 600 ppm, acetic acid at a concentration of not more 20than 500 ppm
and 2-hydroxybutyric acid at a concentration of not more than 500 ppm. [0027] (12) The lactic acid
according to (11), having an optical purity of not less’than 90%. 25[0028] (13) Lactide obtained by
using the lactic acid according to (11) or (12) as a raw material. 9 [0029] (14) A polytactic acid
obtained by using the lactic acid according to (11) or (12) or the lactide according to (13) as a raw

material. [0035%5’&3;?)@@\8%9 !@p((%ggigcgpé%itg%% (pxﬁgll;%%éjg d{?é@rh %Q%?é]densation using the

lactic acid according to (11) of as a raw material. KON [0031] By the
present inventigRphighr gy alibplagtic.acitcanbenieducsd and;the 10praductidty gfa polylactic acid,

which is a biodegradable general-purpose plastic, can be improved. Further, by using lactic acid, in
which the amaulfite of gpecifiedfipuhiti@seareinot more than certain amount, as a raw material for a
polylactic acid, a polylactic acid having excellent thermal stability, mechanical strength and hue can be
obtained. 15BRIEH DESCRIPTION OF THE DRAWINGS [0032]  Fig. 1 is a schematic diagram
showing an embodiment of the continuous culture apparatus used in the present invention.

Fig. 2 i$ a diagram SAOWIKGIRE R ARERIPAHE S 195ER e acserding g a7 2bthetBrdduction rate of

lactic acid durirllq% the conti uoys culture c?rried outfin Example 1 of the present igvention.
wirerein the ratio ol the permealion rate of magnesium Suitate refative to the

permeation rate of citric acid through the nanofiltration membrane is not less than 3
at an operation pressure of 0.5 MPa, raw liquid temperature of 25°C and
concentration in the raw liquid of 1000 ppm.

10 [0019]

(5) The method for producing lactic acid according to any one of (1) to (4),
wherein the permeation rate of magnesium sulfate through the nanofiltration
membrane is not more than 1.5% at an operation pressure of 0.5 MPa, raw liquid
temperature of 25°C and concentration in the raw liquid of 1000 ppm.

15 [0020]

(6) The method for producing lactic acid according to any one of (1) to (5),
wherein the membrane material of the nanofiliration membrane comprises a
polyamide.

[0021]

20 (7) The method for producing lactic acid according to (6), wherein the
polyamide comprises a cross-linked piperazine polyamide as a major component and
further comprises a constituting component represented by Chemical Formula 1:
[0022]

[Chemical Formula 1]

25 R



Fig. 3 is a schematic diagram showing an embodiment of e nanofiltration membrane separation
apparatus used in the present invention. Fig. 4 is a schematic diagram showing an embodiment
of the cross-sectional 25view of the cell in which a n&nofiltration membrane was placed, in the
nanofiltration membrane separation apparatus used in the present invention. BEST MODE FOR
CARRYING OUT THE INVENTION 10 [0033] The present invention will now be described in more
detail. [0034] [Metho@h%gégdﬁ& i 0 291; Lactic Acid] 5The method of production of lactic acid of the
present invention comprises the Steps (A) to (C) below: (A) a step of continuous fermentation
wherein a fermentgtion culture medium of a microorganism having an ability of lactic acid fermentation
is filtered through a porous membrane having an average pore size of not less than 0.01 um and less
than 01 um withhartians merebrane ressury differengeasdthinathmvange 0§ @110 20 kPa, and the
permeate is collected, while retaining the non-permeated liquid in or returning the non-permeated
liquid to the culture ffediuntthedfaddicd e fegiretithtioréeeidstk twithe waltwdmédium; (B)
a step of filtering the permeate obtained in Step (A) through a 15nanofiltration membrane; and (©)
a step of distimﬁ%lﬂqetp%roﬁﬁ?i‘é‘ﬂ?ﬁlgté‘?ﬁﬁﬂ RIS ASE PTGy PREAIIE bt MDY e thsipTa™a and not
more than atrg&s_&?gric pressure, at not less than 25C and not more than 200C to recover lactic acid.
[0035] 20The microorganism having an ability of lactic acid fermentation, which is used in Step (A) will
now be descrﬁ@g‘gﬂThe microorganism having an ability of tactic acid fermentation is not restricted as
tong as it can produce lactic acid, and a lactic acid bacterium or a microorganism to which an ability of

lactic acid feimentation wasewificialgivemenwhnse-abilityoflasts g fermeniation,was
25enhanced may be preferably used. [0036]
method for producing lactide according to (8) is polymerized.
10 [0025]

(10) A method for producing a polylactic acid, wherein lactic acid obtained
by the method for producing lactic acid according to any one of (1) to (7) is
polymerized by direct dehydration polycondensation.

[0026]
15 (11) Lactic acid whose 90% aqueous solution contains methano! at a
concentration of not more than 70 ppm, pyruvic acid at a concentration of not more
than 500 ppm, furfural at a concentration of not more than 15 ppm, 5-
hydroxymethylfurfural at a concentration of not more than 15 ppm. methy! lactate at
a concentration of not more than 600 ppm, acetic acid at a concentration of not more
20 than 500 ppm and 2-hydroxybutyric acid at a concentration of not more than 500
ppm.
10027}

(12) The lactic acid according to (11), having an optical purity of not less than

90%.
25 [0028]
(13) Lactide obtained by using the lactic acid according to (11) or (12) as a

raw material,



The lactic acid bacterium may be defined herein as a prokaryotic 11 microorganism which produces
lactic acid with an yield of not less than 50% relative to glucose consumed. Preferred examples of the
lactic acid bacterium include those belonging to the 8enus Lactobacillus, genus Pediococcus, genus
Tetragenococcus, genus Carnobacterium, genus Vagococcus, genus Leuconostoc, genus
Oenococcus, 5genus Atopobium, genus Streptococcus, genus Enterococcus, genus Lactococcus,
genus Sporolagiebacillus and genus Bacillus. By selecting, among these, a lactic acid bacterium
showing a high yield of lactic acid relative to sugar consumption, the bacterium can be preferably used
in the production of {adticsaeitFstitherdybseleding ailactieasit bacie durnrahowing akigh yield of
L-lactic acid or D-lactic 10acid relative to sugar consumption, the bacterium can be preferably used in
production of(|b&tier dbidliridagahidihoptical purityafoes8wrial. Examples of the lactic acid bacterium
showing a higLE ield of L-lactic acid relative to sugar consumption include Lactobacillus

yamanashien Qéﬂ]actobacillus 15animal/s. Lactobacillus agilis, Lactobacillus aviaries, Lactobacillus

case', Lactobacillus ruekji,,Lactobacillus.paracasei, Lactobacillus rhamnqsus, Lactopacillus
ruminié La(:tobacilItﬁs%étzjflﬁll Ormlsa,%gc %gcé)uf ﬁgesciﬁ%pgé%& %’%Hl I@S@&%@%@&ﬂ%ﬁgﬁ%ﬁgﬁdlffagtococcus
lactis, which @H@XJ&E@Q&?&E&Q&HQ%@S?Ef rdor djﬂ%@%@\%ﬁl&g%@cid. 20[0038] Examples of the
lactic acid bacterium showing a high yield of D-lactic acid relative to sugar consumption include
Sporolactobagiipsdaebhelugticus;dpanalgsto bacillus inulinus, Lactobacillus bulgaricus, Lactobacillus
casei, Lactobacillus delbruekii and Lactococcus lades, which may be selected and used for
25production[6fBtlactic acid. [0039] Examples of the microorganism to which an ability of lactic acid
1? fermentation was artificially given or whose ability of lactic acid fermentation was enhanced include

microorganisms obt&ihéer ISy RABVIA EREIcRiTyridars aneihriendurgamsnss tonditish a lactate
enhante an AU UHAEGE AGR ARGt Er Pt S G SbPHEIL ombinant
microorganisg;i% % improved. Further, by using lactic acid, in which the amounts of specific
impurities are not more than certain amount, as a raw material for a polylactic acid, a
polylactic acid having excellent thermal stability, mechanical strength and hue can be
obtained.
15 BRIEF DESCRIPTION OF THE DRAWINGS
[0032]
Fig. 1 is a schematic diagram showing an embodiment of the continuous
culture apparatus used in the present invention.
Fig. 2 1s a diagram showing the concentration of lactic acid accumulated and
20 the produetion rate of lactic acid during the continuous culture carried out in
Example 1 of the present invention.
Fig. 3 is a schematic diagram showing an embodiment of the nanofiltration
membrane separation apparatus used in the present invention.
Fig. 4 is a schematic diagram showing an embodiment of the cross-sectional
25 view of the cell in which a nanofiltration membrane was placed, in the nanofiltration
membrane separation apparatus used in the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION



which LDH was incorporated intracellularly to enhance an ability of lactic acid fermentation.

Preferred examples of the host of the recombinant microorganisms include prokaryotic cells such as E.
coif and lactic acid bacteria; and eukaryotic cells suéh as 10yeast; and the host is more preferably
yeast. The yeast preferably belongs to the genus Saccharomyces, and the yeast is more preferably
Saccharomyces cerevisiae. [0040] The LDH gene used in the present invention is not restricted as
tong as it encRgg%]a protein having an activity to convert reduced nicotinamide adenine 15dinucleotide
(NADH) and pyruvic acid to oxidized nicotinamide adenine dinucleotide (NAD+) and lactic acid. For
example, an L-LDEI'Deng-elerivad femnadacicadd hactesium-shewing:ahigh yield of L-lactic acid
relative to sugar consumption, or a D-LDH gene derived from a lactic acid bacterium showing a high
yield of D-lacfig’aeil relative to sugar consumption may be used. Further, preferred 20examples of the
L-LDLI gene include those derived from eukaryotes such as cow, human and frog, and the L-LDIJ
gene is more P&ty Besdneti droth bestepuadacy/s. Examples of microorganisms to which an L-LDH
gene derived from a.frog is jncorporated inclugf the recombinant yeast disclosed in JP 2008-029329
A. [00 ]25Examp|é£1%%ﬁtéicgqgg&ae &8 ?ﬁ%gﬁr%é) ftnaTstion: IS5 THER AR WRIRSSts due to
genetic polymorphi %%qg f@t epesis. The tenti "genetic polymorphism” means partial modification
of the base sequence of a gene due to natural mutation 13 occurred in the gene. The term
-mutagenesis" meang pgtifisiab ntsaduston of Admuialioninie R JenaExABRIEs Af dhsmethod of
mutagenesis include a method using a site-directed mutagenesis kit (Mutan-K (manufactured by
TAKARA BIQoINGo)y andzanieiliodinging bidndahonidtaganesiskib(BR iDivessty RfoR-Random
5Mutagenesis (manufactured by CLONTECH)). The LDH used in the present invention may have a
deletion(s) arfEHinsEmbIR) apmmotitsbase seduentecdddonyasitdncades! &eprébein having an
activity to convert NADH and pyruvic acid to NAD-L and lactic acid. [0042] 10The porous membrane
used 1Y Step (ATITTHLI BEIRERIFEG, PrRS HEOFEC R BriRe (e ragecsdphtafdhfembrane is
preferably Iesa%gr%ge é%) %:Io%giisptc;j0 Xct[ha micrlgor anismtpavin ) an ability of Iaétic acid fermentation,
and has a property tb stably maintain the HIraton perormance for & fong e, Firefore, it is
important for fhe RArEYSMEMBEANE HSEA R NS 8{@éﬁﬁ&é@\ﬁ%ﬁieﬂl}%@é{&dﬁﬂé%Vﬁﬁ%%%&% size 150f
not less than 0.01 um and less than 1 um. The porous membrane’in the preSent invention has a
separation padiafsance drdealpesmeaiility suitable for the properties and the use of the liquid to be
processed, and, in view of the blocking performance, permeability and resistance to dirt, which affects
the separation perfaidiaartep thidiheroustmambrane iprefelabranéhatingghporous resin layer. As

the porous _
15 nanofiltration membrane; and

(C) a step of distilling the solution obtained in Step (B) under a pressure of
not less than 1 Pa and not more than atmospheric pressure, at not less than 25°C and
not more than 200°C o recover lactic acid.

[0035]
20 The microorganism having an ability of lactic acid fermentation, which is
used in Step (A) will now be described.  The microorganism having an ability of
lactic acid fermentation is not restricted as long as it can produce lactic acid, and a
lactic acid bacterium or a microorganism to which an ability of lactic acid
fermentation was artificially given or whose ability of lactic acid fermentation was
25 enhanced may be preferably used.
[0036]

The lactic acid bacterium may be defined herein as a prokaryotic



2 Omembrane having a porous resin layer, one having a porous resin layer on the surface of a porous
base material, which layer acts as a separation function layer, is preferred. The porous base material
supports the porous resin layer to strengthen the poldus membrane. [0043] 25The porous base
material is composed of an organic material, inorganic material and/or the like, and an organic fiber is
preferably used. Preferred examples of the porous base material include woven fabrics and

non-woven fabics prenatedy bt HinaRiaania ibers sygh.assalulpss fogr ghvﬁgﬁ%%%ﬁﬂ%%eme

fibers, polyester fibers, polypropylene fibers and polyethylené fibers, amon non-woven fabrics

are preferablywged sincestheirddensties an berelativelyreasiv cantrolieth they: sanlesimply
produced, and they are inexpensive. 5[0044] As the porous resin layer, which acts as a separation

functional layée s grentioted:abovbyaniorghnic polymdrdiembraneemay/be-suwiahlycased. Examples
of the material of the organic polymer membrane include polyethylene resins, polypropylene resins,
polyvinyl chloFef*dsitE0BeRAiffliasriifiaerins rasissnpokeuitns rssivsupdhratmenifone resins,
polyacr, Ionitritg rueSsH}s, Bgl olefin reséms, cellulose resins and cellulose triacetate resins, and the

material may be & miire of rESTHE sERIRTRG thHe SETRSTHY HY AT cHTRPORBH 4961&, the major

component meas Wl is.componeakiecaniamed.an aroyntelnelisss than 5% by weight,

preferably not'less than 60% by weight. Among these, more pre exarmples 0 e material of the

porous memhyi@reinelHde thaseimhichi oanibe %@%&'&‘d@é@]@%@éﬁ%@'tﬂi95%%@9&1%%5&8%!'% in physical
durability and chemical resistance, such as polyvinyl chloride resins, polyvinylidene difluoride resins,
polysulfone résirisyipolyethbesuiédnelrigsins] polyagidanivite wsinsiandipolyalefirrasins, among which
polyvinylidene difluoride resins and resins containing these as major components are 20most
preferably usédeftings] lactitegisl basttidupvinjlidera diffiolide fedintia dndhopdlymer of vinylidene
fluori(jf(]e is preferably ysed, and, other than a homopolymer of vinylidene fluoride, a copolymer with
vinyl %nomé‘%‘ié%%‘f@ Bt BERBIS RS iR & RRAEERE faB heesisaRIso prefarably used.
Examples of 83{19%{5{?0 mers c(:%%able oafL £9 ol rper{zilr}g with vinyl idene fluoride include

tetrafluoroethyle e. hexa 'u%?gﬁr%%yle%\g%hde y het orlc%'trichloride. 15 [0046]
[0037]

Examples of the lactic acid bacterium showing a high yield of L-lactic acid
relative to sugar consamption include Lactobacillus yamanashiensis, Lactobacillus
15 animalis, Lactobacillus agilis. Lactobacillus aviaries, Lactobacillus casei,
Lactobacillus delbruekii, Lactobacillus paracasei, Lactobacillus rhamnosus,
Laciobacillus ruminis, Lactobacillus salivarius, Lactobacillus sharpeae,
Pediococcus dexirinicus and Lactococcus lactis, which may be selected and used for
production of L-lactic acid.
20 [0038]

Examples of the lactic acid bacterium showing a high vield of D-lactic acid
relative to sugar consumption include Sporolactobacillus laebolacticus,
Sporolactobacillus inulinus, Lactobacillus bulgaricus, Lactobacillus casei,
Lactobacillus delbruekii and Lactococcus lactis, which may be selected and used for

25 production of D-lactic acid.
[0039]

Examples of the microorganism to which an ability of lactic acid



Examples of the polyolefin resins include polyethylene, polypropylene, chlorinated polyethylene and
chlorinated polypropylene, and chlorinated polyethylene is preferably used. 5[0047] An overview of the
preparation method of the porous membrane used the present invention will now be described. First,
on the surface of the above-mentioned porous base material, a coating of a starting solution containing
the above-mentioned resin and a solvent is formed, while impregnating the starting 10solution into the

porous base maleria Fhaisalsionhy IR, coaIed siIagn of 119 Ralous PSS ARl having the

coating is brought into contact with a coagulation taining a nonsolvent to coag‘ﬁjalsate the resin,

while formingealporaisifieRind ayreidha sutfasa at the nerous bassimatsriakFhe nansolvent may
also be further contained in the starting solution. The temperature of the starting solution is 1 5usually

preferably selsoteehrgithinntiveaavigehof hbtite120Cn yawsof #iedimafosmine:prapertydfed8]  To
the starting solution, a pore-forming agent may be added. The pore-forming agent is extracted upon
immersion in thécoRglI&EBA Watinty dvare theiresh atiayes porblsy addition ofithe pore-forming

agent allows regulation of the average pore size. The pore-forming agent preferably has a high
solubility in th@%&%’éﬁﬁ%n?&%%‘@é%ﬂ@@f%cﬁéﬂg%ﬁﬁi‘f‘f‘(ﬂf‘ﬁ@g%‘ﬁ‘?ﬂfﬁmﬁrﬁ?éﬁﬁé*%éé include

rorsame a2 I CHOS MM AR g o pre i

agent which may be used Inc lde po?yoxya ylenes S &
glycol; water-gglyblg.macromolecular compounds such as polyvinyl alcohol, polyvinyl butyral and

polyacrylic acid; and glycerin. 16 [0049] The solvent dissolves the resin. It acts on the resin and

the pore-forming agéntfiapdomatefosmatierofaparous-tesindayankydhesai Examples of the solvent
which may be used include N-methylpyrrolidinone (NMP), N,N- 5dimethylacetamide (DMACc),
N,N-dimethylfstikamitie (llap)climethyigikfoditet{DMBIO) costomelamitmethiyketwdikédtane. Among
these. NMP, DMAc, DMF and DMSO, in which resins show high solubilities, may be preferably used.
[0050] Furthef*& RS SRR Thisy Mo e dab b the dibfvsassorafisablx boraaseMéat is a liquid

which does not dis§olv a resin. A nonsolvent has an acti%)n .
genus daccharomyces, and the yeast is more preferably Saccharomyces cerevisiae.

[0040]
The LDH gene used in the present invention is not restricted as long as it

encodes a protein having an activity to convert reduced nicotinamide adenine

15 dinucleotide (INADH) and pyruvic acid to oxidized nicotinamide adenine
dinucleotide (NAD+) and lactic acid. For example, an L-LDH gene derived from a
lactic acid bacterium showing a high yield of L-lactic acid relative to sugar
consumption, or a D-LDH gene derived from a lactic acid bacterium showing a high
yield of D-lactic acid relative to sugar consumption may be used. Further, preferred

20 examples of the L-LDH gene include those derived from eukaryotes such as cow,
human and frog, and the L-LDH gene is more preferably derived from Xenopus
laevis. Examples of microorganisms to which an L-LDH gene derived from a frog
is incorporated include the recombinant yeast disclosed in JP 2008-029329 A
[0041]

25 Examples of the LDH gene used in the present invention also include variants
due to genetic potymorphisms and mutagenesis. The term “genetic polymorphism”

means partial modification of the base sequence of a gene due to natural mutation



of regulating the rate of coagulation of a resin, to regulate the sizes of the pores. Examples of the
nonsolvent which may be used include water and alcohols such as methanol and ethanol. Among
these, water and methanol are preferred in view of thie cost. The nonsolvent may also be a mixture of
these. 15[0051] As mentioned above, the porous membrane used in the present invention is
preferably a porous membrane formed by a porous base material and a porous resin layer. The

porous base Wiaiesial maxe ciher ORAGRAEHHL0e AIAUS ARFIIAYRLALARTIMpLeOnated with

the porous resin layer, which is selected depending on 2 O the use. The average thickness of the
porous base matefieh isprefesably selaaiacswitiia thexanae o1:50a18:19 i30RQ My bieases where the
porous membrane is a hollow fiber membrane, the inner diameter of the hollow fiber is preferably
selected withirsihe yangeliof 200 pmag:6000 g Mandrifie (memitsanedhickiedss ARpraferably selected
within the range of 20 gm to 2000 gm. A fabric or a knit produced by 25forming an organic fiber or an
inorganic ﬁbeﬁvﬁw naatssHpe trapdsencontagseesia We(BONb fitsely [I0BRandom  The porous

membrane used in the present invention may be made into a separation membrane element by
combirﬁng it Y _ %?WW %W@F?ﬁg%@%&w}nem&mm@ﬁ\ﬂ%%borous
membrane |si99&2ﬁ§gg%§rihggg aadg%q

ar ISI n membrane element \(a\/JtEerfel{w gsup orting plate is used
101 dfl T IASETONd S tma o1 1S IE.SG USHCE as .
as the support and the porous membrane used in the presentinvention IS placed o atléast one side

of the supporting plafe: 5008 Brefsicaramhodiment ff the.saparatammemprang glemens having the

porous membrane used in the present invention. In cases where it is difficult'to secure a large
membrane anda inthigieémbodisnent, placement of the porous membrane on the both sides of the
supporting plate to increase the 1 Opermeability is also a preferred embodiment. [0053] The
average porel 8##& bf the porous membrane used in the present invention is not less than 0 01 gm and
less than 1 gm. With an average pore size of the porous membrane within this range, a high blocking

perfoffiance which %Eé"?f&ﬁ%@\lﬂf‘l‘é‘ﬁl%ﬁﬁ% 1B e A BlrRye bindeschigit perthe #8Rfyscan both be

achieved, angnfur her, clogging is less likeIIY to pccur, so tgat ?e permeability can be maintained with
high accuracy and reprog ucf’ﬁ’%‘tﬁef%arr%t O EMEPhe RIHEGRISJFes ST e HdosstBa S YiBfbrane is
preferably nopAIRle: (AN 4200 In QRSB £20 AEIORIR BeRIaRlK Gaigd puiavih an

average pore size of less than 0.2 Rm. In cases where 20the average pore too small, the

peiuieahility mayidesipase se Habiie veraaanel €sizedseohless than 21910 iareferaply not less
than 0.02 gm, more preferably not less than 0.04 gm in the present invention. Here, the average pore
size can be deteleinet by mesistring:the ididmetersmofialitittopardswhich:can diepolbserxed within an

area of 9.2 gm 10.4 gm under the scanning electron microscope at a 25magnification of 10,000x, and
averaging th® riehlisedaraflies oo IFerthar, thestaddsraogessaton ortrd alsratspore size is

preferably not 18 morge than 0.1 um. Further, in cases where the standard deviation of the average

pore size is ST TRACTE FriF ELaL WHE AT BT YA R rRcaRif iV Babisignihe properties

and the use of the liquid to be processed, and, in view of the blocking performance,
permeability and resistance to dirt, which affects the separation performance, the
porous membrane is preferably one having a porous resin layer.  As the porous

20 membrane having a porous resin layer, one having a porous resin layer on the surface
of a porous base material, which layer acts as a separation function layer, is preferred.
The porous base material supports the porous resin layer to strengthen the porous
membrane.
[0043]

25 The perous base material is composed of an organic material, inorganic
material and/or the like, and an organic fiber is preferably used. Preferred examples

of the porous base material inciude woven fabrics and non-woven fabrics prepared



permeate is more likely to be obtained and hence simple management of the fermentation operation is
possible, so that the standard deviation of the average pore 5size is preferably as small as possible.
[0055] The standard deviation cy of the averagd pore size is calculated according to (Equation 1)
below wherein N represents the number of pores observable within the above-mentioned area of 9.2
um x 10.4 ui, Xk represents the respective measured 10diameters, and X(ave) represents the

average of the,ppre,sizgs-1A0SELEEAMALIARIDLL A0S X6aye) (Faalien) {R057).L5in the porous

membrane used in the present invention, the permeability to culture medium is one of its important
properties. Asigaringedabthe-spermeability Jhie Abve:waieepermeabikiicaefficientef the porous
membrane before use can be employed. In the present invention, the pure water permeability
coefficient of thierpemasriernbranscis Prefctaltyinotitess thdre 2x 40-O MBANRsipacdibén the amount
of 20 permeation is measured using purified water at a temperature of 25C prepared by filtration
through a revérsec8Bid SIS IME FISFaE Il REAHBRIREBT I, and in cases where the pure water
permeability %fi ient is from 2\10-9 m3/m2/s/pa to 6x107 m3/m2/s/pa, an amount of permeation
which i pracﬁﬁ sufficient can be obtained. 25[0058] 19 The membrane surface roughness in the

porous membrane uged, e presant invertinisa factor tataffacts loging, of he separation
| | i

membrane, and, preferably, in cases w eré the membrane surface roughness 1S not more than 0.1

um, the detachmgaheoafisientnd e Mambrane fesintanss, ofdheiseparation membrane 5can be

suitably suppressed, and hence continuous fermentation can be carried out with a lower

transmembrametipressuraidifferenceadibgeioner sinatelogdinmdande-suppresseiddo allow stable
continuous fermentation, the membrane surface roughness is preferably as small as possible. [0059]
10Further, indsesonitiere thennambrans! siifaets reaighnesly isshddneniefsheale resins,

10 polysulfone resins, polyethersulfone resins, polyacrylonitrile resins, polyolefin resins,
cellulose resins and cellulose triacetate resins, and the material may be a mixture of
resins containing these resins as major components. Here, the major component
means that the component is contained in an amount of not less than 50% by weight,
preferably not less than 60% by weight. Among these, more preferred examptes of

15 the material of the porous membrane include those which can be easily formed by
solutions and are excellent in physical durability and chemical resistance, such as
polyvinyl chloride resins, polyvinylidene diflueride resins, pelysulfone resins,
polyethersulfone resins, polyacryionitrile resins and polyolefin resins, among which
polyvinylidene difluoride resins and resins containing these as major components are

20 most preferably used.

[0045]

Here, as the polyvinylidene difluoride resin, a homopolymer of vinylidene
fluoride is preferably used, and, other than a homopolymer of vinylidene fluoride, a
copolymer with vinyl monomers capable of copolymerizing with vinylidene fluoride

25 1s also preferably used. Examples of the vinyl monomers capable of
copolymerizing with vinylidene fluoride include tetrafluoroethylene,

hexafluoropropylene and ethylene fluoride trichloride.



force generated on the membrane surface during filtration of the microorganism can be expected to be
small, and hence destruction of the microorganism may be suppressed and clogging of the porous
membrane may be suppressed. Therefore, it is thought that stable filtration is possible for a long time.
15[0060] Here, the membrane surface roughness can be measured using the following atomic
force microscope (AFM) under the following conditions. Device Atomic force microscope
(Nanoscope iligqagaduced by Digital Instruments) 2 0Conditions Probe:SiN cantilever (manufactured by
Digital Instruments) Scanning mode:Contact mode (measurement in air) Underwater tapping mode

(underwater measureRag)cS eaHNIRG BABEH- IR X AOHLHB pdDy B 1425 pTy fReasyrement in air) 255

unt X 5 um, 10 um x 10 um (underwater measurement) Scanning resolution: 512 x 512 Sample
preparation 2@iorinvgiedmieethelasuremehionastedigdgpoopythesmen bhdnenaaniple was soaked in
ethanol at room temperature for 15 minutes and then soaked in RO water for 24 hours, followed by
washing and a@m&*wlww Ripfqodde psThe membrane surface roughness (c1,041) is calculated
accordiang to (tjtzge%{?li)owing (Equation 2) using the above AFM, based on the heights _of the respective
points in the direction of the z-axis. [0062] [Equation 2] 10drough- Z1 (Equation 2) cin,"g" : Surface

roughness (gm) An overview of the preparation method of the porous membrane used the

present invention will now be described.  First, on the surface of the above-
mentioned porous base material. a coating of a starting solution containing the
above-mentioned resin and a solvent is formed, while impregnating the starting
10 solution into the porous base material. Thereafter, only the coated surface of the
porous base material having the coating is brought into contact with a coagulation
bath containing a nonsolvent to coagulate the resin, while forming a porous resin
layer on the surface of the porous base material.  The nonsolvent may also be
further contained in the starting solution.  The temperature of the starting solution is
15 usually preferably selected within the range of 15 to 120°C in view of the film-
forming property.
[0048]
To the starting solution, a pore-forming agent may be added. The pore-
forming agent s extracted upon immersion in the coagulation bath, to make the resin
20 layer porous.  Addition of the pore-forming agent allows regulation of the average
pore size. The pore-forming agent preferably has a high solubility in the
coagulation bath. Examples of the pore-forming agent which may be used include
inorganic salts such as calcium chloride and calcium carbonate.  Further examples
of the pore-forming agent which may be used include polyoxvalkylenes such as
25 polyethylene glvcol and polypropyiene glycol; water-soiuble macromolecular
compounds such as polyvinyl alcohol, polyvinyl butyral and polyacrylic acid; and

¢lycerin.



Height in direction of z-axis (um) : Average height (um) in scanned area AT: Number of measured
samples 15[0063] The transmembrane pressure difference during the filtration of a microorganism
through a porous membrane in Step (A) in the preséfit invention may be one with which the membrane
is not easily clogged with the microorganism and medium components, and it is important to carry out
the filtration with a 20transmembrane pressure difference within the range of 0.1 to 20 kPa. The
transm nbrang)gz@sure difference is preferably within the range of 0.1 to 10 kPa, more preferably
within the range of 0.1 to 5 kPa, still more preferably within the range of 0.1 to 2 kPa. In cases where

the transmembrane presstiverdiffierenes isanekwithin e above-gescrhethrange. flogaing with the
microorganism and medium 25components may rapidly occur and the amount of permeation may
decrease, cagsing @ troubldadigrimgtihe operationsot sortineous fermentationpi&lof0064] In tellis of the
driving force of the filtration; a siphon using the liquid level difference (hydraulic head difference)
between the RATHEHEIHH CORu RS wisditnssdrahe e ifornmeddRul Mlembrane may be used

to generate the transmembrane ssure difference in the porous membprane. Further, as the driving
force of the fiﬁ?ﬁ%ﬁ?fg%eﬁ% |§dr% 6@%;332?%%%1@8@9%%@5@3&%& Iﬁ?rﬁlﬁésﬂ)‘ f5ti€Snembrane, or
a pressure p i g ion, cul lum-side,o membrane.
e tansmen A e e o R e g 120eT dibrence

between the foNTRDIat O/ R ieent Qmediug, and the:Rermaats. frem-ths peroys membrane. Further, in
cases where a pump is used to generate the transmembrane pressure difference, the transmembrane

pressure diffdf#iidg can be controlled by the suction pressure, and further, the transmembrane
pressure difference can also be controlled by the pressure of the gas or liquid which is used for
introducing the presstféflomnpiesdbrané matichsedierdded nocdivipnsice. sn wases where such pressure
control is carried O&Jt, the difference between the pressure in the fermentation culture medium side and

the pressure IS8 pEthid At Side"dithe pot 05 HeRIET s WrreSpiS G I daisHidfbrane

pressure diffe(gﬂ‘l_%%l &E}Q (Eﬁmr'%% %§%g J‘Q&ig&g}t}roklig the érans embrane reﬁ}#re difference. [0065]

20The continuous fermentafion apparatus usedin Selﬁ’ /g)r? ot restnicted Gs Sr?g? '38 the above

conditions arg:gatisfied, end Réﬁ&%%ﬁt%@mplﬁﬁm%f&%i%% W€ter and alcohols such as

methanol and ethanol.  Among these, water and methanol are preferred in view of
the cost.  The nonsolvent may also be a mixture of these.
15 [0051]

As mentioned above, the porous membrane used in the present invention is
preferably a porous membrane formed by a porous base material and a porous resin
layer.  The porous base material may be either impregnated with the porous resin
layer or not impregnated with the porous resin layer, which is selected depending on

20 the use. The average thickness of the porous base material is preferably selected
within the range of 50 pm to 3000 pm. In cases where the porous membrane is a
hollow fiber membrane, the inner diameter of the hollow fiber is preferably selected
within the range of 200 pm to 5000 um, and the membrane thickness is preferably
selected within the range of 20 um to 2000 pm. A fabric or a knit produced by

25 forming an organic fiber or an inorganic fiber into a cylindrical shape may be
contained in the hollow fiber.

[0052]



ones disclosed in Fig. 1 and Fig. 2 in W02007/097260. Further, the porous membrane element for
filtration of a fermentation culture medium is not restricted as long as the above conditions are
satisfied, and preferred examples thereof include th&€7250nes disclosed in Fig. 3 and Fig. 4 in
W02007/097260. [0066] The fermentation feedstock used in the present invention is not restricted as
long as it promotes the growth of the microorganism having an ability of lactic acid fermentation to be
culiured, to allow satjgfagiary,PrOGHEAN e anis A Phinterest Frearisdexamples of the
fermentation feedstock include conventional liquid media containing carbon sources, nitrogen sources,
inorganic saltssrangli s RapBrapE alenergaNicIMSTARYIR RS SUShAsaMINg. agids @nd.vitamins, when
necessary. Examples of the carbon sources include sugars such as glucose, sucrose, fructose,
galactose anddpatase,) sacchanifiedestant hsdhitie pscon taismig ihe sersugarsicsweahpatato molasses;
sugar beet molasses; high test molasses; and further, organic acids such as acetic acid; alcohols such
as ethanol; afePaipEermeERbrapledestehevititipgenmsurcesphtilisesrhnichissgesyaguéous
ammonia, ammonium salts, urea and nitric acid salts; and other organic nitrogen sources used
supplef’nenta?% DOFPHS DGTRRES USE R RIEHIN ZRETHONS RasehPaigsast sitetidatiho acids,
vitamins, cor@h%tggﬁpl(i)%g%sglxteasts ar ggst extracts .meatt g)g[racts,ap tides such as peptones, and

. C 1S ORe preicricd ¢© odiment SE 11 e it . .
cells of various fermentatioh microorganisms an ycfro ysates tHeteo xa%ﬁﬂ:‘s Bftne inorganic salts

which may beadded s ApRiRRsiats, neluds phosRhericACH salls magngsium, salts. Galgium salts,

iron salts and manganese salts. In cases where the microorganism having an ability of lactic acid
fermentation usediiffithé: presentinvenitondeauiresiparticdlayr autigmsfar fsarawihothgenutrients may
be added as preparations or natural products containing these. An anti-forming 20agent may also be
added as reqeitods me¢hbprasentinentionahel chiturgmeddigmiaeansadingithebtained as a result of
growth of a microorganism having an ability of lactic acid fermentation in a fermentation feedstock, and
the cét%positWIBF?%Qlfér’rﬁéﬁfhﬁ@ﬁ#@@”@@t@@k’@élﬁ@%rther added may be changed as appropriate
from the comﬁ% 'léifn of the fermentation feedstock used at the beginning of the culture such 25that
the productivity of factic acid is enhanced. [0067] In the continuous culture operation in Step (A), Batch

e o e icuiemRbe spiiefd aiberie il ahase IR QUi aeTene e

microorganism concentration; f ed by starting continuous culture (withdrawal), or t & cells may be
seeded at a higihcrreenirabion and-sbigctagia GaRtinupus shitveefrom,ibe;beginping of the culture. It
is possible to start supplying the 5feedstock medium and withdrawing the culture at appropriate
timings. The timing ofdhésiartafisupplyingef the: féddstdckdpedivmand thiedinisg ebihe start of
withdrawing of the culture are not necessarily the same. The supplying of the feedstock medium and
the withdrawiipot wikegptafesHaysbsbuterandut kighareoosahilbusndrifitérmaittentsd. Nodrients as

described aﬁf%ﬁ necessary for the 10growth of the cells may be added to the feedstock medium to
allow continuUSUE Grot R BRENS EShLFheRSEBRHAdBH SiEmEmrIGgLaAT iMeHEEire medium is

preferably m@\; ' igh within the ra ot.cé T
high rate due t%@r{?%%\%%ﬁﬁﬁgnatno %?%-%EL tire mediun WHICh 1 inapproprate 1o the growth of the

microorganisga ¢y iﬁ%ﬁi‘rﬁ@@\ﬁf@&&%ﬂﬁ% more than 0.4 um, and the operation can be more

%eig%@tlcr} (%%els no{.causeﬁg%th of the mlcroormlsm at a

preferably carried out with an average pore size of less than 0.2 pm.  In cases where
20 the average pore size is too small, the permeability may decrease, so that the average
pore size is not less than 0.01 pm, preferably not less than 0.02 pm, more preferably
not less than 0.04 pm in the present invention.  Here, the average pore size can be
determined by measuring the diameters of all the pores which can be observed within

an area of 9.2 um » 10.4 pm under the scanning electron microscope at a

e
|83

magnification of 10,000, and averaging the measured values.
[0054]

Further, the standard deviation ¢ of the average pore size is preferably not



1 5production. For example, by maintaining the concentration at not less than 5 g/L in terms of dry
weight, a good production efficiency can be obtained. [0068] Further, as required, the
microorganism may be removed from the thnnenter! ¥or example, since, in cases where the
microorganism concentration in the fermenter 20is too high, clogging of the porous membrane is likely
to occur,the removal may be carried out in order to avoid the clogging. Further, since the productive

performance f@éﬂ@%kﬁa@@ﬁﬂﬁy ¢hange HeRRRMING.L HNEMIIAArgaANMLONGENHRHR in the

fermenter, the removal of the microorganism may be carried out using the productive performance as
an index, to maistsir: thespeotuive, 2bpeasforvtancehd Y69k Ebe pparatiom of cantiawous culture by
allowing the growth of fresh cells 24 having an ability of lactic acid fermentation is usually preferably
carried out inzegirgle fenmentekdhyviehe obtonedhof theoultunelHoweyendheofiumber of the
fermenter(s) is not restricted as_long as the continuous culture is carried out to produce the product
while allowind¥Hecgrth SraalisnAsgorsby-codih nsmddypeaisurbdiata aropexample, a
small céapacitg.of eachijen&enter. Inifhis case, a high productivity of the fermentation product can be
obtainéd even%%/l?:gﬁ%r%%ug guitre &giﬁgjsg%blﬁjrality of fermenters connected in parallel or in series
through pipe O[%%O] 10The filtration through a nanofilt ation membrane in Step (B) will now be
described. [0071] The nanofiltration membrane used in the present invention is also called a
nanofilter (nanofiltratign mermbieas NMomesmnes-and generally defined s, adngmbiane that
allows permeation of monovalent ions, but blocks divalent ions". The membrane is considered to have
fine voids havingusizes Of aboutseveralMarrasetes shandortainty peed tbdelockiineipartitles,
molecules, ions and salts in water. [0072] 20The teiat "filtration using a nanofiltration membrane”
means that tH@PemmeatopebEy ()9 fittered Arsay s rrmetitratiba iermerenmtoblsdk or separate
inorganic salts. dissolved qr_deposited as solids, while allowing a lactic acid solution to permeate as a

filtrate “Here, HREYHEF M SARESHERSSER RSN BreR & BRI E4ifs contained in the culture
medium, suckfo%gaoth those dissolved in the

[Equation 1}

/ 3 (X, -X(ave))

g o= -+ {Eguation 1
\j N (Eg )

[0057]

15 In the porous membrane used in the present invention, the permeability to
culture medium is one of its important properties.  As an index of the permeability,
the pure water permeability coefficient of the porous membrane before use can be
employed. In the present invention, the pure water permeability coefficient of the
porous membrane is preferably not less than 2x10™ m*/m%/s/pa when the amount of

20 permeation is measured using purified water at a temperature of 25°C prepared by
filtration through a reverse osmosis membrane, with a head height of 1 m, and in
cases where the pure water permeability coefficient is from 2x10 m’/m*/s/pa to
6x107 m’ /m®/s/pa, an amount of permeation which is practically sufficient can be
obtained.

25 [0058]



25permeate of Step (A) and those deposited or precipitated in the permeate of Step (A). [0073] 25
less than 2.0 and not more than 4.5. It is known that substances ionized in a solution are more likely to
be removed or blocked by a nanofiltration membran’than non-ionized substances. Therefore, by
adjusting the pH of the permeate of Step (A) to not more than 4.5, the ratio of lactic acid dissociated
into lactate ions in the 5permeate becomes small, and this allows more efficient permeation of lactic

acid. Furtner, In caseshersy et lessibana %, ine paneliatanyeyds damaged. furher,

since pKa of lactic acid is 3.86, in cases wherfe the pH is hot more t actic acid that has not
been dissocigieiienlaciate ionsmandroydrogepiionsrigceptainaddnthampermeate of Step (A) ina
larger amount, so that lactic acid can be 10 efficiently allowed to permeate through the nanofiltration
membrane, wiighighinone qrefewbelc The mdijvistme stidhtee @it ofahdpermeate ofiBoep (A) may be
carried out either when the microbial fermentation is carried out or after Step (A). Further, the pH may
be adjusted bYradefirdasithergtiftcot 81¢ dansanirnedseistatrsrelthe prvftive pemiwate is to be
made gore acidi% or b% ?dding an alkaline substance such as 15calcium hgdroxide or agueous

ammortia in cHELESTHEPR HEBRISS A TGS RS TRASH OPHE B B REIE T Step (A) to be
lied to th ' i f Step i f d by addi Ikali
applied to the %}Fé’%%%ﬁ'g%frﬁ?%@n%?g %%res e}_{?)e(gﬁ)ff%gr%e?ra}?lyeg«%%‘?grﬁnﬁ%%;ﬁ%{g} %i%‘la? aline

c .
substance to the culture edium o ep to maintain an optimuim p ermentation

and filtering thepRtaiRedcHlBHEMAdMMRIAUIRARMRHS MEIMRIANG-TRS MisopsgaRism is usuall

cultured at a pH of 4 to 8, at a temperature of 20 to 40C. The alkaline substance to be added is not
restricted, andk aneéstthbalciymadiodsisqeegherably added. 25[0075] In cases where Step (A) is a step
of continuous fermentation in the presence of a calcium salt, Step (D), in which the calcium component
in the permedt®i?Step 26 (A) is removed as an insoluble sulfate, may be introduced before Step (B).
More patrticularly, for example, Step (D) is carried out by adding sulfuric acid to the permeate of Step

(A) and precipitating/fifidihd e Calvilire BRpeRbEIS HEfrermeaiacss Stepel) ts taeium sulfate,

which is an insoluble sulfate. By allowing 5the filtrate (se ted i containing lactic acid) to pass
through the i CTRSRCH i S i B4 G SR SO iEhBAI BREWEHE Effcienty
removed or bieckedceramplanl . pasit.calkiim salts MaluAr cltm g, calcium

carbonate, calcium phosphate, calcium oxide and calcium acetate, a
suppressed and clogging of the porous membrane may be suppressed. Therefore, it

is thought that stable filtration is possible for a long time.
15 [0060]
Here, the membrane surface roughness can be measured using the following
atomic force microscope (AFM) under the following conditions.
*Device

Atomic force microscope (Nanoscope [1ia produced by Digital Instruments)

20 » Conditions
Probe: SIN cantilever {(manufactured by Digital Instruments)
Scanning mode: Contact mode (measurement in air)
Underwater tapping mode (underwater measurement)
Scanning area: PO pm < 10 pm, 25 pm = 25 pm (measurement in air)
25 5 um > 5 pm, 10 pm > 10 um (underwater measurement)

Scanning resolution: 512 x 512

- Sample preparation



calcium salt is preferably calcium hydroxide. In cases where the calcium 10component in the permeate
of Step (A) is precipitated/filtered as an insoluble sulfate, if the number of equivalents of the sulfuric
acid added to the culture medium exceeds the numBer of equivalents of the calcium (number of
equivalents of sulfuric acid > number of equivalents of calcium), the excess sulfuric acid partially
permeates through the nanofiltration membrane. If this is followed by exposure of the 15permeate of
Step (B)toa CO”"'%@%H%‘?H%%%%H% AR L0600l %%9?1?% distilation, the permeated sulfuric acid
may act as a catalyst for promotion o (r)]hgornerlzatlon of Tactic acid resgi‘%fng In"decrease in the
distillation yieldhherafRiominaaseswere (hesaltumeompenentinihe dermeats of Step (A) is
precipitated/filtered as an insoluble sulfate, the number of equivalents of the sulfuric acid added is
preferably 20hot:maked]then the wenhberefietuivalantsibf the calcium component in the permeate of
Step (A). In cases where the number of equivalents of the sulfuric acid added is adjusted based on the
pH, the pH is ¥féfably not less than 2.0 since, in this case, the number of equivalents of the sulfuric
acid is not more than the number of equivalents of the calcium component. 25[0076] 27 of calcium

lactate “may be introdUicEF GRS sRIiecHARYLIRE S s adijs g gtediamaribryasikecalcium to the

permeate of Al apd the resulting permeate is filtered through a nanofiliration membrane
equivalent to t ?e%c‘)grfllggu?sﬁe I‘%i e%] @ﬁ%ﬁ%?%}?"c%@%ﬁéagﬁ a‘a‘bggﬁe@ﬁ%& DHERRMY Calcium
lactate from thg;feed,sidemapddepiaying arganic acids including acetic acid from the permeate side.
[0077] In Step (E), the p1-I of the permeate of Step (A) is preferably adjusted to not less than 6 and

not more tharjkik2$ince nanofiltration membranes have a property with which substances ionized
(dissociated) in a solution are more likely to be 10blocked than non-ionized (undissociated)
substances, W adjusting the pH of the culture medium to not less than 6, the ratio of lactic acid
dissociated into ions in the culture medium (dissociated lactic acid/undissociated lactic acid) becomes
highe{ han the ratio¢f @cetig acid d{'ﬁsocgateg into ions (dissociated acetic acid/undissociated acetic
acid)."In this c4%¢ a - \(UEOUS solu |o%u86(ﬁ?a|r)ling 15calcium lactate can be efficiently collected from
the feed side, and organic acids other than lactic acid can be efficiently separated from the permeate

side. Further, jn %a3?§d’¥ﬂ‘3é%5|{l§h%'_|s§’f#?@ culture medium is higher than 11, durability of the
nanofiltration mémbrane is adverse y affected, which is not preferred. [0078] 2 OIn Step (E), the

organic acidsyther thagdactic aeidiraparatedifrgmmhe permeate side of the nanofiltration membrane
are those derived from the permeate of Step (A) or from the fermentation feedstock, and acetic acid is

preferably separated i the:present in¥eHoRafPed Aea
N : Number of measured samples
15 [0063]

The transmembrane pressure difference during the filtration of a
microorganism through a porous membrane in Step (A) in the present invention may
be one with which the membrane is not easily clogged with the microorganism and
medium components, and it is important to carry out the filtration with a

20 transmembrane pressure difference within the range of 0.1 to 20 kPa. The
transmembrane pressure difference is preferably within the range of 0.1 to 10 kPa,
more preferably within the range of 0.1 to 5 kPa, still more preferably within the
range of 0.1 to 2 kPa. In cases where the transmembrane pressure difference is not
within the above-described range, clogging with the microorganism and medium

25 components may rapidly occur and the amount of permeation may decrease, causing

a trouble during the operation of continuous fermentation.



25Examples of the basic calcium preferably added in Step (E) to adjust the pH of the permeate of Step
(A) include calcium hydroxide, calcium carbonate, calcium phosphate, calcium oxide and calcium
acetate in the forms of solids and aqueous 28 solutfdns, and the basic calcium is preferably calcium
hydroxide. In cases where an aqueous solution is added, the concentration of the basic calcium is not
restricted, and the basic calcium to be added may be in the form of a slurry having a concentration
exceeding th @@éq[ation solubility. 5[0080] Examples of the method for evaluating the extents of
removal, blocking and filtration of inorganic salts dissolved or deposited as solids by the nanofiltration
membrane used in the presesttinvention incleds an evaliation nethadibycaleulating e removal
rates (blocking rates) of inorganic ions, but the method is not restricted 10to this method. The blocking
rate (removal ¢diejaokathindrydimibsaltdiorbeccplaulaten ihedbrdingio dotatien @ayumeasuring the
concentration of the inorganic salt contained in the raw liquid (culture medium) (raw liquid inorganic
salt concentradtie Rf HRERR & eBnderRPaBnBRIHEINO Iyanie Sueoneainwdtintied pesmenteafiactic acid
solution) (permeate inorganic salt concentration) by an anal%lsis 1 Srepresented by ion

chroma ogradﬁ?.sg[%g?ff?emnlﬁeo%é??ﬁé)gﬁcﬂl?éﬂ?&l&q%e ALY etindatengdryahrd i
concentration iquid inQrgani I centration))x100 (Equatign 3) [0082] 20The membrane
separation pe%%%}éﬂ#b%éggﬁe% %ﬁ}ﬁcﬁ,ﬁ}(ﬁ%ﬁ @%% Fg\)r%)%e Se ?%tj%tsé%e(%%tg%e ot 18stricted, and the ratio
of the peimeagiomraiQbmagnesiieauiiaisfelative loitheermaationitale af Gitrigacid through the
nanotiltration membrane is preferably not less than 3 at an operation pressure of 0.5 MPa, raw liquid
temperature oi @56 ardoancentiatiemin tHehtasaliguich0f1000:ppmel Bicasagwheredhe ratio 25 of the
permeation rate of magnesium sulfate relative to the permeation rate of citric acid through the
nanofiltration ¢AéHBlemhbUHdeesthe hbdimisoditchfdsenot legs/thant8, inorgamimsaltdtaantained in the
permeate of Step.(A) can be removed and lactic 29 acid can be allowed to pelineate efficiently, which

is preferred. FRSEU RSB tis S P HsprEsHinTsaiizean D bsicinta aedsreing to Equation
4 by measurin %heigggé:&ptrgtion f{lna nesium sulfate contai %%in the raw liquid (raw liquid
magnesium s%%f\a &'2oncentration gn&etﬁgnéé%eégﬁ{?gﬁéjﬁ%?%%% g esfﬁf""a’t’@%s&}&ﬁ@wé’&in the
permeate (pepuealR mpgRaRm SHlale GeNCaHIANRY, BYH ANANSIS IRRIERRNIGAbY fon

chromatography. Similarly, the peimeation rate of citric acid e calculate ebi/ replacing the

magnesium suifaie cabeenrtaionie Eauatiee dwihine eibrieasid sonsentration apdmeasuring the
concentration of citric acid contained in the raw liquid (raw liquid citric acid concentration) and the

10concentratioriigficltribiabic contddimenirdnei pe tncate (permeatecitiicacidtoneentration) by an
analysis represented by high performance liquid chromatography.

15 medium side. ~ In cases where such pressure control is carried out, the difference
between the pressure in the fermentation culture medium side and the pressure in the
permeate side of the porous membrane corresponds to the transmembrane pressure
difference, and can be used for controlling the fransmembrane pressure difference.
{00631

20 The continuous fermentation apparatus used in Step (A) is not restricted as
long as the above conditions are satisfied, and preferred examples thereof include the
ones disclosed in Fig. 1 and Fig. 2 in WO2007/097260. Further, the porous
membrane element for filtration of a fermentation culture medium is not restricted as
long as the above conditions are satisfied, and preferred examples thereof include the

25 ones disclosed in Fig. 3 and Fig. 4 in W0O2007/097260.

[6066]

The fermentation feedstock used in the present invention is not restricted as



[0083] Magnesium sulfate permeation rate (/(1) - (permeate magnesium sulfate 1
m.concentration)/(raw liquid magnesium sulfate concentration)/ 100 i (Equation 4) [0084] Further,
the permeation rate of magnesium sulfate is preferably not more than 1.5% at an operation pressure of
0.5 MPa, raw liquid temperature of 25C and concentration in the raw liquid of 1000 ppm. In cases
where the permeation rate of 20magnesium sulfate through the nanofiltration membrane is higher than

1 5% under th, baug candliiany cRReanIaion ol e aclic acid soluion, permeated throych the

nanofiltration metmbrane may causé€ deposition of INOrganic salts, %B:ear\ ion is likely to

cause racemizaiiamand elloamerieationdynde e dnfluanos sl ihe Rmealgd nppapjc salts and may

decrease the distillation yield. More 25preferably, the permeation rate of magnesium sulfate through

the nanofiltratiormemiRerferisdhet amplestharnd R¥%nmdea85h 80dstocknaddition,Ranafijisation
membranes having removal rates of sodium chloride (500 mg/E) of not less than 45% are preferably
used. In termsipithepéicnsentionipe cofrmancerofthe tnageafiltratien, nerabnanesi s nawofiltration
membrane in which the permeation flow rate of sodium chloride (500 mg/L) per unit membrane 5area
(m3/m2/day) AR FRTaHoP rEds dReCHID S MMPSIC h 88 RISE thar by, 8ishd B oréienan 0.8 is preferably
used. The permeation floy rate per %l it meg1brane areg ]ﬁ(i%gmbrane permeatjon flux) can be

evaluated by calcuration according 1o EytiatioR 555 %h i 898 LA SR fnspetfiestted liquid,
ppa s bt i Bt b LS R D e

flux (m3/m2/day) = amount of permeated liquid/membrane area/collection tim quation’5) {0087]

Examples of thecmaiaial ﬁ&ﬂﬁ@s&@@@ﬁﬂf@é@ﬂrﬁ&%@@@@ﬁgw%%ﬁé@é/s%;%ﬁﬂf&éﬁérﬂ'&&iﬁﬁéem invention

include macromolecular materials such as cellulose acetate polymers, polyamides, polyesters,

polyimides argiingligohsmersc Bhie mewibrBnadh notriestocteditel acarembranegonstituted by only one
of the materials, and may be a membrane comprising plural membrane materials. In terms of the
structtife of tHBIFRASFAIRIREStHecHideiBRaIR i Ahepithes ammepmmeticniamirteymhictl has a

20dense layer.on at asij one id% of the membrane and micropores having pore sizes
niiric acid salts; and other orgamic nitrogen sources used supplementarily such as

oilcakes, soybean-hydrolyzed liquids, casein digests, other amino acids, vitamins,
corn steep liquors, yeasts or yeast extracts, meat extracts, peptides such as peptones,
and cells of various fermentation microorganisms and hydrolysates thereof,

15 Examples of the inorganic salts which may be added as appropriate include
phosphoric acid salts, magnesium salts, calcium salts, iron salts and manganese salts.
In cases where the microorganism having an ability of lactic acid fermentation used
in the present invention requires particular nutrients for its growth, the nutrients may
be added as preparations or natural products containing these. An anti-forming

20 agent may also be added as required.  In the present invention, the culture medium
means a liquid obtained as a result of growth of a microorganism having an ability of
factic acid fermentation in a fermentation feedstock, and the composition of the
fermentation feedstock to be further added may be changed as appropriate from the
composition of the fermentation feedstock used at the beginning of the culture, such

25 that the productivity of lactic acid is enhanced.
[0067]

In the continuous culture operation in Step (A), Batch culture or Fed-Batch



that gradually increase in the direction from the dense layer toward the inside of the membrane or the
other side of the membrane, or a composite membrane, which has a very thin functional layer formed
by another material on the dense layer of an asymmgtric membrane. Examples of the composite
membrane which may be used 25 include the composite membrane described in JP 62-201606 A,
which has a nanotilter composed of a polyamide functional layer on a support membrane comprising
polysulfone ag g,membrane material.. 3 008.8(g Among these, a composite membrane having a
functional layer coﬁp%%ggeo A PO AEE s B ?&P}éa(fesﬂ%%%tcﬁggfg Mgpeprasstite resistance, high
permeability aad-Righ, selHestemayakRerfermance,which make the membrane highly potential. For
5maintenance of dur%bility against or;eraftiOn press%&%}%68%%%%%?&9%{#66 }:(fghgﬁé&ﬂﬁb
performance, @ mhemranehaving &atuatienvonbicha;Balyamide s Used %ﬁr{:’:{' fional layer, which
layer is retained by a support comprising a porous membrane and ‘a non-woven fabric, is suitable.
Further, as a poliramiterstmipeimeablenembitane, alicompasife nanafitrationmembrane having, on a
10 support, a functional Iag_er of a cross-linked polyamide obtained by polycondensation reaction
betweeh a pol§RIREbTEFAIManhy g detyrinscisral acichhalideisis itz 008Dk timimghe
nanoftltration membrane having a functional layer composed of a polyarnide, preferred examples of
the carboxylic%@fg %t%Boﬂ‘é‘?ﬁ%ﬂ%g%ﬁibﬁ%ﬁpeﬁécli@ééﬂ%ﬂtﬁ?ﬁi@‘ﬂf@ﬁ@&aﬁmm@éie aromatic
carboxylic acigdssych, %W@& id, benzophenone tetracarboxylic acid, trimellitic acid, pyromellitic
acid, isophthalic acid, f:}e%rephthalicﬁgg " haphtha ésﬁ%nd}@eff‘reb%%ﬁc aﬁﬁf HBREAGcHsylic acid and
pyridinecarbogylisasidminiiiay,oh sUbilit RHR-ferRNng RV RNIS LirMEs]G acid, isophthalic acid and
terephthalic acid, and mixtures thereof are moré{%referred. 20[0050?ter wﬁr@f&%ﬁ%ﬁgmples of the
amine comparentobtiséy moimemeis eonstitating e polamitiedneiweRimay digmipes having an
aromatic ring, such as mphenylenediamine, p-phenylenediamine, benzidine, methylene his dianiline,
4,4% dHamindBpHérgidhsecibiarmsitined 8381 driafridabipheryiethes, 313%4cdhtiduous
Stetraaminobiphenyle %%, 3,3'-dioxybenzidine, 1,8-naphthalenediamine, m(p)-

monomethylﬁﬁ%&ﬁ fihe, 3lchonfsEkpRATitRs mirtdnpiginshighehylethers medium
4,N,N'-(4-amig p 1)-p(m)-phenylenediamine-2,2'-bis(4- 32 aminophenylbenzoimidazole),
2,2'-bis(4-amin%p%%i%éﬁ%%%%fgle %n\glﬁfﬂ]-ﬁ%(ﬁl%wmﬂh@ﬁ?ﬂB@HEBEHF‘a #Ey.cakeesecondary
diamines suchag.piRerazing: PiReHdine aRd detivatives thereof , Amang these, a n ntcgd_tration
membrane having a%f%nctional Iaggr composedlo a grgc;ﬁs%?ﬁﬁﬁeéhsgl@é%? g%(%ﬁ%ﬁ%h ' Biperazine or
Spiperidine aisnongiers s-preferahyt usestsince i bas Heatrenistance And phemigal resistance in
addition to the pressure resistance and the durability. The polyamide more preferably contains as a
majot compapiertehetrodstinken pipénaring polyantideconasasadinkedhpineiding polyamide and
further contains a canstituting component represented by the Chemical Formula (1), still more
preferably cdfitdingldry weight, a good production efficiency can be obtained.

[0068]
Further, as required, the microorganism may be removed from the fermenter.
For example, since, in cases where the microorganism concentration in the fermenter
20 1s too high, clogging of the porous membrane is likely to oceur, the removal may be
carried out in order to avoid the clogging. Further, since the productive
performance for lactic acid may change depending on the microorganism
concentration in the fermenter, the removal of the microorganism may be carried out

using the productive performance as an index, to maintain the productive

25 performance.

[0069]

The operation of continuous culture by allowing the growth of fresh cells



10cross-linked piperazine polyamide as a major component and further contains a constituting
component represented by the Chemical Formula (1). Further, preferably, in the Chemical Formula (1),
n=3. Examples of the nanofiltration membrane havidg a functional layer composed of a polyamide
containing a cross- linked piperazine polyamide as a major component and further containing a
5constituting component represented by the Chemical Formula (1) include the one described in JP

62:201606 A0 D37k cramplesharealdnge UTCOR manufagiured by TORAY INDUSTRIES,

INC., which is a cross-linked piperazine polyamide semiperm brane having a functional
layer composed0f écpalyamite.containing:dcsoss: inkedniperazine Palvarmige.As apajor component
and 20further containing a constituting component represented by the Chemical Formula (1), wherein
n=3.[0091] fermamaaofitrationramenihaelisigendrallyusedas aiBpitalswauid membrane element,
and the nanofiltration membrane used in the present invention is also 25preferably used as a
spiral-wound PiedHBrdie BrRfHehIPeratoningrér aeavixafmsiés ofthdumalivfit &tioremembrane
elemer15t include GgEseS%%, which isfa\ﬁcﬁllulose acetate nanofiltration membrane manufactured by GE
Osmoriics: NESY 8Rd33 ME8YR R i e e Rah SRthtRPARERbFAAR SFRGHE a fiRdhinal layer
composed of g golympies JRRANTACFSE. By Al avel, NE 45, NE.90, INF-200 and NP-400, which are
nanofiltration membranes having a functional layer composed of a cross-inksd pipérazine polyamide,
man ufacture@@mﬁuaﬁ%ﬁ%@%@ga:ﬁ%z%a@%&é&k&%%%ﬁ&@@%ﬁ%ﬁ& §40, which are
nanofiltration membrane modules manufactured by TORAY INDUSTRIES, INC., having UTC60
manufacturedhyhie igame manufacturer, which has a functional layer composed of a polyamide
containing a cross-linked piperazine polyamide as a major component and further containing a
constituting cBiipdnent represented by the Chemical Formula (1). The Onanofiltration membrane
element is more preferably NF99 or NFO91IF, which are nanofiltration membranes having a functional
layer composed of al POIFAFAIHE! ThEoNghR fireel byaaRra Il ME 1S B W Fopoohsr NF-400, which
are nanofiltra 'gS% ~rirg)%(rlnbranes having a functional layer composed of a cross-linked piperazine
polyamide, manufactured by Filmtec Corporation; or SU-210. SU-220, 15SU-600 or SU-610, which are
nanofiltration rane modules manufactured by TORAY INDUSTRIES, INC., having UTC60
manufactured by the same manufacturer, which has a functional layer composed of a polyatnide
containing a cross-linked:piperazing polyamide asaMaioprempanantandSurthengemtaining a
constituting component represented by the Chemical Formula (). The 20 nanofiltration membrane
element is stitlmgrbeprieferablySida210nStd220 FSueflbane 5kuk6 konwhishdarmaanefitration
membrane modules manufactured by TORAY INDUSTRIES, INC., having UTC60 manufactured by
the same maNGTaBtaRE R MER HasameAtt mdmesvalsripiosscbet blpdiyalnidentdnmaining a

cross-linked Qjﬁ)erazi c olyamidecias % m?{'or component and further containing a constituting
component ¢ membrane1s considered 1o lave fine voids having sizes of about several

nanometers, and mainly used to block fine particles, molecules, ions and salts in
water.
[0072]

20 The term “filtration using a nanofiltration membrane” means that the
permeate of Step (A) is filtered through a nanofiltration membrane to block or
separate inorganic salis dissolved or deposited as solids, whiie allowing a lactic acid
solution to permeate as a filtrate. Here, the inorganic salts include any form of the
imorganic salts contained in the culture medium, such as both those dissolved in the

25 permeate of Step (A) and those deposited or precipitated in the permeate of Step (A).
[0073]

In Step (B), it is preferred to adjust the pH of the permeate of Step (A) to not



25represented by the Chemical Formula (1). [0092] The filtration through a nanofiltration membrane in
the Step (B) may be 34 carried out under pressure, and the filtration pressure is preferably within the
range of 0.1 MPa to 8 MPa. In cases where the filtraffon pressure is less than 0.1 MPa, the membrane
permeation rate may decrease, while in cases where the filtration pressure is more than 8 MPa, the
membrane may be damaged. In cases where the 5 membrane is used at a filtration pressure within

the range of e to0:MPR B Rambiaae RPINERKER Ak J3igh. 83 dhatihg lactic acid solution

can be efficiently allowed to permeate and the possibility of damaging the membrarie is small, which is

more prefefreﬁ)lﬂ'ﬂi@fﬁ%%@lﬂ@ﬁ&%@@%(@@%ﬁ%ék@?@f& adiltration Mresssyithin, the range of

| MPa to 6 MPa. 10[0093] The concentration of lactic acid in Step (B) is not restricted, and in cases
where the comoeritraiicd isibighctise cOheetitratibn afjladtic: acidhtDataingshimthe: pewngate, pf Step (B)
is also high, so that the length of time required for the concentration can be shortened, which is
preferred in vieWdfreest v bbo i o[goo4] lacticiniddnserintations dittcinorganibssalts in Step (B)
are no%trestricted, and ng be not |ess than the saturation solubility. That is, in cases where the

concentratiorP SFARRAIFAME SIS o HEP Hoxrs thersallisitoh RIsaign eHdarbrgwific salt is

dissolved in the gulure el AN casse et (e 20conceniraion of e orgaplc alt s ot

less than the saturation solubility, the ihorganic salt is partially 3ep ep (B), both

inorganic saltpisseived i thedraimealeelSiap () andinggant sl deperiedof,pragipitated in

the permeate of Step (A) can be removed or biocked, so that lactic acid can be filtered without
restriction by tieicanicemirationscobingr ganic isadtsiR6[Q0%! jonsHhe peIFseabiliy:qt tactic acid through
the nanofiltration membrane upon separation of lactic acid contained in the permeate of Step (A) by
the above mewigdiBs sathdeasvaluatetYsspdaio uat g thedactinasidthereatiaridate: Bhe lactic acid
permeation rate can be calculated according to Equation 6 by measuring the concentration of lactic
acid ¢ohtained iR M EsHiecRATTREA R Sefiema) glﬁ/q\ﬁa@fdtraéﬁ@ saeonee Rt ot the

con_centr_ation PJféh% lacti %cég.ﬁgt%aig_e in the 5permeate (lactic acid-containing solution) (permeate
lactic acid cohcen ra%aon B AKH SRR %gﬁrggieﬁ?élaeﬁ?ﬂfbeﬁtﬁé’ﬂ%ﬁﬁ?a%m%ﬂ?F&ﬁ‘FB‘ﬁija%raphy.
cither when the microbial fermentation is carried out or after Step (A).  Further, the
pH may be adjusted by adding an inorganic or organic acid in cases where the pH of
the permeate is to be made more acidic, or by adding an alkaline substance such as
15 calcium hydroxide or agueous ammonia in cases where the pH is to be made more
alkaline.
[0074]
The permeate of Step (A) to be applied to the nanofiltration membrane of
Step (B) is preferably prepared by adding an alkaline substance to the culture
20 medium of Step (A) to maintain an optimum pH for microbial fermentation and
filtering the obtained culture medium through a porous membrane. The
microorganism is usually cultured at a pH of 4 to 8, at a temperature of 20 to 40°C.
The alkaline substance to be added is not restricted, and a basic calcium salt is
preferably added.
25 [0075]
In cases where Step (A) is a step of continuous fermentation in the presence

of a caletum salt, Step (D), in which the calcium component in the permeate in Step



[0096] Lactic acid permeation rate (%) = (permeate lactic acid concentration/raw liquid lactic acid
concentration)x100 (Equation 6) 10[0097] In the method for producing lactic acid of the present
invention, the permeate of Step (B) is further subjectéd to distillation in Step (C), to obtain lactic acid
with high purity. The distillation step is carried out under a reduced pressure of not less than 1 Pa and
not more than atmospheric pressure (normal pressure about 101 kPa). 15In cases where the step is

carried out undeyia ebcefRiEaHE OALIERS HA0A TR ANCAYROLIBARSI0 ki, (he distilation

temperature can be lower, which is more preferred. The distillation temperat n the cases where the

step is carriegautunger rduseehpressufe(isinotiessdhan R0Giang setmRrrethan 2Q0C, but, in cases
where the distillation is carried out at a temperature of not less than 180C, 20racemization of lactic

acid may be geusedibytheinflupaced pbnmatitiedi Therethrestheéudistilaton-of laciie acid may be
preferably carried out at a temperature of not less than 50C and not more than 180C, more preferably
not less than BUEE Hotlaidrd tAarIEDE s0698] whBkisrensubetiligtolthe SBpaB)wine permeate
of Step.(B) m%q%nce bf concerétéated using, a concentratar such as an evaporator, or the permeate of

Step (B) may S STBRLE A (O S e Ihisrain 2R LBhRaRTAER of 1CHEAH98086 increased

by filtration thﬁ?é@@r 5‘96’%%@3)%%5}?&&50&'“%%@ rane. In vi;w of reducing.energy for the 8%chntration,
e concentra

) Of 1ent can. be more citicienty removed or
Step (F) to increase t tion of lactic aci Oﬁ)y}lltra ion through a reverse 0smosis membrane

is preferably gppieyed Fiam RuesseRINasisMemane hareid means afiltstier remaying ions and/or

low 5molecular-weight molecules using as a driving force a pressure différence larger than the osmotic
pressure of thediguidda-bleitreapbdsgint:cxani ples thereatiwhichean hetsed ineluds cellulose
membranes such as those made of cellulose acetate and membranes prepared by polycondensing a
polyfunctionat@fiime ednppiaierans eclsalyiunctionaleacidrhedide wdprotidedseparation functional
layer made of a 10polyamide on a microporous support membrane. In order to suppress dirt, that is,
fouling” on thEXBPRER GRtHE ReTBIRHGREeR MithBrempl talvdliiistmhasravérsel ddmadigimembrane,
which is mainly for sewage treatment, may. also, pe. prefgrably mp%%yei which reverse osmosis
membrane isig}?{é%g‘fg%?/oc&%]iﬁg%% (s%ﬁiacc%ﬂéo a s%%%%?%ﬁe HarRASHAM 5 BF RS S5 Bolyamide

Ev;?dingfgﬁs%@;ﬁ%@@wmémw@ QiR AhlRRR QPR GARAIMAAIPYR ARREHYR With an acid

number of equivalents of calcium), the excess sulfuric acid partially permeates
through the nanofiltration membrane.  If this is followed by exposure of the

15 permeate of Step (B) to a condition under heat such as conceniration or distillation,
the permeated sulfuric acid may act as a catalyst for promotion of oligomerization of
lactic acid, resulting in decrease in the distillation yield. Therefore, in cases where
the calcium component in the permeate of Step (A) is precipitated/filtered as an
insoluble sulfate, the number of equivalents of the sulfuric acid added is preferably

20 not more than the number of equivalents of the calcium component in the permeate
of Step (A). In cases where the number of equivalents of the sulfuric acid added is
adjusted based on the pH, the pH is preferably not less than 2.0 since, in this case, the
number of equivalents of the sulfuric acid is not more than the number of equivalents
of the calcium component.

25 [0076]

As a step preceding the above Step (D), Step (E), in which organic acids other

than lactic acid are removed from the permeate of Step (A) while removing crystals



thereby allowing acid halide groups remaining on the surface the separation functional layer to form
covalent bonds with the reactive groups. Since most of the divalent calcium ions have been removed
in Step (B) of the present invention, stable membra@dé concentration can be carried out without
folillation of scale on the surface 200f the reverse osmosis membrane. [0099] Examples of the
reverse osmosis membrane preferably used in the present invention include composite membranes

naving 2 celldpesiaceiole ARV 45 AdkcHonal ke (erelnafier alpriad 1 g cplliose acetate

reverse osmosis 25membranes) and composite mem a amide functional layer

(hereinafter refeiigshtorasRObABIGE (YR e Q8RS ReMAnaa i ere examples af the cellulose
acetate polymer include polymers prepared with organic acid esters 37 of cellulose such as cellulose

acetate, celluldsedidoetags, celuldderiacetaiebealiulgas prapianaie and:celliasebiyrate, which
may be used solely, as a mixture, or as a mixed ester. Examples of the polyamide include linear
polymers ande¢B8y. sirllesdipo Rhtarseonsttuticd byraipingicadvidronaremdtiodibmiesaimidnomers.
[0100] E)é%gf)les of the form of the membrane which may be used as appropriate include the flat

membrane, sPRATEINERE R BYaAE SHIHEIEW AR hdh iR fPRETeBsrHidsiar examples of the

reverse osmo[c?l embrane used in the present 10invention include polyamide reverse osmosis
membrane modules manufactured by TORAY INDUSTRIES, INC.. such as low-pressure type modules

SU-710, SU-720, Sy 4203 2 S : Xy " SU: R BN-LEOR. -720P, as
well as high-pressure tyr.%L gr%&%llig’%%ﬁs%o%%ﬁé%%ozs%u é@%ﬁ%% 0%@%%?%%%%91 UTC70 as

the reverse okmogissniembrane: gelliloseiacetaies avesse s sishbmernhrresyaskiactured by
the same manufacturer SC-L100OR, SC-L200R, SC- 1100, SC-1200, SC-2100, SC-2200, SC-3100,
SC-3200. SCv8t0akink HE-@R0s NTRATIHRNER) 7129 bl & MTER: TOSMIGIES bO-D, ES20-D,
ES20-U, ES15-D, ES 15-U and LF10-D manufactured by Nitto Denko Corporation; R098p1-It, R099,
H12.98PP anieskubiise oD dRssdatdisasyshabsmc s s agisiaathantiedhy 20GE; and

BW30-4040, T\%?O-éflo 911 Xl['oEﬁg?lA'O’ t_P-4 40, LE-4040, SW30-4040 and SW3OHRLE-4040
manufactured by Film ecr&orporaﬁ%?wl?mgzt?ﬁéa&ﬁ?:oﬁfﬁ]mm@géé@%%fiﬁi@ré"&%ﬁb@@red that the
lactic acid obiiRgd DY M 2RAYG ciated lactic acid/undissociated lactic acid) becomes higher
than the ratio of acetic acid dissociated into ions (dissociated acetic
acid/undissociated acetic acid). In this case. an aqueous solution containing
15 calcium lactate can be efficiently collected from the feed side, and organic acids
other than lactic acid can be efficiently separated from the permeate side. Further,
in cases where the pH of the culture medium is higher than 11, durability of the
nanofiltration membrane is adversely affected, which is not preferred.
[0078]
20 In Step (E), the organic acids other than lactic acid separated from the
permeate side of the nanofiltration membrane are those derived from the permeate of
Step (A) or from the fermentation feedstock, and acetic acid is preferably separated
in the present invention.
[0079]
25 Examples of the basic calcium preferably added in Step (E) to adjust the pH
of the permeate of Step (A) include calcium hydroxide, calcium carbonate, calcium

phosphate, calcium oxide and calcium acetate in the forms of solids and aqueous



25 method for producing lactic acid contains only small amounts of impurities and hence the quality of
the lactic acid is high enough to be used for production of a polylactic acid by direct polymerization.
Further, the present inventors specified 38 the rangés of the contents of impurities with which
high-quality lactide (raw material for potylactic acid) and polylactic acid can be obtained, thereby
completing the present invention. The first feature of the lactic acid of the present invention is that the

actic acic o5 4 APHEQL 0, R0% ASHE0US S B SIS0 metangl oo copcentraton

of not more than 70 ppm, preferably not more than 65 ppm, moré preferably not more than 50 ppm,

still more prefefablyneilmpreitharidl prodhacananirehmnethaneldn 0¥ aaueausdactic acid
solution can be measured by gas chromatography (GC). In cases where the lactic acid has a content,

in 90% aqueaurs! ltetigasiciddoluion, f addtdanay b rotte: tham 20 ppin;thieapolylactic acid obtained
10by direct dehydration polycondensation of the lactic acid has a low weight average molecular weight
and a low metPiTRER e AYtRC IR s HELBiafeipdebitither, in cases where lactic acid having a
conten%of me | of more than 70 ppm was used, the synthetic yield of lactide decreases, which is
not preferred. ] 1 5The second feature of the lactic acid of the present invention is that the lactic

acid contains, as ang ity i %._ague lactic. acid solution uvic acjd,at conce tration of not
éﬁ;lté/% Qf%ge %%ﬂyocﬁff% e%%g&pa%ﬁl% ﬂsqe exten’ci ér/t; ﬁry%\éatlnl%ﬁg (t]}%lﬁna %

more than 500 ppm, preterably not more than 40 , more pre 0 ppm. The

content of pymvigracichinRRAAHYSRUE 6T AcH ARl car bR MmeasHredhihigh performance

liquid chromatography 2 O(HPLC). In cases where the lactic acid has a content, in 90% aqueous lactic
acid solution,oépyrauiciacitiofingone dhari:bRAppmncndeskabtg e isehtRined farpalactic acid
produced by polymerization of the lactic acid.The hue of a polylactic acid can be evaluated based on
the degree oftbokstation, i, (Ripakingdaicof efiéndegrae ohcolorationn dieA RHA uaitatal number may
be used. The APHA 2 5unit color number (Hazen color number) is a value calculated according to the

meastifementhiBthB 8PS sKOs Aor kg apiishemoroaipber voinpogmicraltsar s cases where lactic
Gocreases AL NSO U ey FURBET e EhSes: AR SPa RO G A OLOA e third
feature of theJaele AHLA1 e PEESaThiRYRIRRIS AL AP RGTASRS L GRRIAINS, pS an impurty in 90%
aqueous lactic acid solution, furfural at a
concentration) and the concentration of the inorganic salt contained in the permeate
(lactic acid solution) (permeate inorganic salt concentration) by an analysis
15 represented by ion chromatography.
[0081]
Inorganic salt removal rate (%) = (1-(permeate inorganic salt
concentration/raw liquid inorganic salt concentration))x100 - (Equation 3)
[0082]
20 The membrane separation performance of the nanofiltration membrane used
in Step (B) is not restricted, and the ratio of the permeation rate of magnesium sulfaie
relative to the permeation rate of citric acid through the nanofiltration membrane is
preferably not less than 3 at an operation pressure of 0.5 MPa, raw liquid temperature
of 25°C and concentration in the raw liquid of 1000 ppm. In cases where the ratio
25 of the permeation rate of magnesium sulfate relative to the permeation rate of citric

acid through the nanofiltration membrane under the above conditions is not less than

3, inorganic salts contained in the permeate of Step (A) can be removed and lactic



concentration of not more than 15 ppm, preferably not more than 10 ppm, more preferably not more
than 5 ppm. The content of furfural in 90% aqueous lactic acid solution can be measured by high
performance liquid chromatography (HPLC). In cas@$8 where the lactic acid has a content, in 90%
aqueous lactic acid solution, of 10 furfural of more than 10 ppm, undesirable hue and thermal stability
are obtained for polylactic acid produced by polymerization of the lactic acid. The thermal stability of a

polylactic acidGan e ValaIes pased R B eMaleioNt gesualg. Fuihern cases where lactic

acid having a content of furfural of more than 15 ppm was used, increase int e}f&PHA unit color
number occurtheehiaineg:lactidemuhich ismat LarmsferedidRu08Lordir é‘%@%{mi?ﬁ?&%& of the lactic
acid of the present invention is that the lactic acid contains, as an impurity in 90% aqueous lactic acid
solution, 5- hydeesiyinetthdfcsfuraltati@cofeentnation offiataroresnan thSrpmwpIgietakly not 20more
than 10 ppm, more preferably not more than 5 ppm. The content of 5- hydroxymethylfurfural in 90%
aqueous lactibHEfIBassBa e nreasertatinnhigh ferformanicetiiguid cherrtoysaphie (HPLC).
Polylactic acid obtained by polymerization of lactic acid he:%ggfg a content, in 90% aqueous lactic acid

solutiod, of 5-FURSSMBIN IR Of FRBRE T S AL iR Go8raBRIRIE Bridthermal 25stability.

Further, in cages where lacti id having a content of 5 hydroxymethylfurfural of more than 15 ppm
was used, increagé%r{ %Iég%éﬁ anit color number tgg'curssl%lu %@%5 giﬁéelg]ﬁaa&?dle{a\?veh?gﬁlltg ot

preferred. 40,{0406h be cIRAIfM (RAlLR hingiaglc ACkdAf Mg AeSRELIAKEBHAN 1 (hgbine lactic acid

contains, as an impurity in 90% aqueous lacfic acid Solution, methyl lactate at a concentration of not

more than 609 ppintipreferablyinaimnane:han400:pRaRr MO RieetaalonetMease than 100 ppm. The
content of methyl lactate in 90% aqueous lactic acid solution can be measured by gas chromatography
(0C). In caseswknedhe thcticvabigh kbgancomentiin©edd aquaennsitactiaatidisolution, of methyl
lactate of more than 600 ppm, the potylactic acid obtained by direct dehydration polycondensation of
the lattic aciFARSE B IeighrsdgeonpirecLiativagmens @aoesrasickasical strength, which is
not preferred.C Frtljrth rdtin Q%ses where lactic acid,%r;l% content of methyl lactate of more than 600
ppm was used. Increaca 1h the WERASTHERER SO O BHIHEd lactide. which is not
preferred. [O]quz])ﬂ'lg%é}éﬂmeature of the lactic acid of the present invention is that the lactic 1 5 acid
contains, as an impurity in 90% aqueous lactic acid solution, acetic acid at a concentration of not more
than 500 ppnjppgeferably not more than 400 ppm, more preferably not more than 300 ppm. The
content of acetic acid in 90% aqueous lactic acid solution can be measured by high perfonnance liquid
chromatography (HP£@h<RPolylactictagick obtaine d:dby (Polympsization oblactkoacidiiaving a content,
20in 90% aqueous tactic acid solution, of acetic acid of more than 500 ppm has undesirable thermal
stability. FurtReRciiiéadeR) vaeT s gaedicnasit Havirg detormpptfaisatic Hid of fiareathendb00 ppm was
used, the syr;t&%ti@eyield of lactide decreases, which is not preferred. [0108] 25The seventh feature of
the lactic acid 0 present invention is that the lactic

Further, the permeation rate of magnesium sulfate is preferably not more than

1.5% at an operation pressure of 0.5 MPa, raw liguid temperature of 25°C and
concentration in the raw liquid of 1000 ppm. In cases where the permeation rate of

20 magnesium sulfate through the nanofiltration membrane is higher than 1.5% under
the above conditions, concentration of the factic acid solution permeated through the
nanofiltration membrane may cause deposition of inorganic salts, and a distillation
operation is likely to cause racemization and oligomerization due to the influence of
the permeated inorganic salts and may decrease the distillation yield. More

25 preferably, the permeation rate of magnesium sulfate through the nanofiltration
membrane is not more than 1.0%.

[0085]



acid contains, as an impurity in 90% aqueous tactic acid solution, 2-hydroxybutyric acid at a
concentration of not more than 500 ppm, preferably not more than 300 ppm, 41 more preferably not
more than 200 ppm . The content of 2-hydroxybutyri®acid in 90% aqueous lactic acid solution can be
measured by high performance liquid chromatography (HPLC). Polylactic acid obtained by
polymerization of lactic acid having a content, in 90% aqueous lactic acid solution, of 2-hydroxybutyric

acia of 5 more than 300, pei A HAAESIAPIRNEHHAL SRR FHIMEL, I gassyaiere lactic acid
’ id 0 0

having a content of 2-hydroxybutyric aci more than 5 m was used, the sylﬁ%etic yield of

lactide decreasessinishis oL pretesass[@AsPhedasticacid ofidhe presgntinyeqtion may be either
one of the (L)-body or 10the (D)-body, or a mixture of the (L)-body and the (D)-body. In cases where

the lactic acidiisaaixtungrtherepiicalfpheitngnvhichiincieates the-isomes tontest ofdhein-body or the
(D)-body. is preferably not less than 90% since the melting point of the obtained polylactic acid is high
in this case. TR&'disticHipiitpdativoitopreferab i dvtteds ehian 68 nstill. hrereipreferatbisamot less than
99%, most preferably 1§/not less than 99.9%. [0110 A lactide produced by using the lactic acid of
the present irfShTIh &5 SFa¢ rAAtEFEI AN tharh et %Pbﬁé&ﬁ&?ﬁ&tﬁéq&{bg@é‘ﬁé’rﬁ BYslylactic acid

roduced N0\ 4E ) L ESETA IO 8 el and b methd or

20producing the po IC acid;"are also inc n the present’i The

actde of the esqUAIGRHARINIRY Lok Sl RBHRCHe AR PILAsIe MO if somposed

of L-lactic acid and/or D-lactic acid. The lactide 25is preferably L,L-lactide or D.D 112] The
method for producing:the: laetisladsnelriestistedaadigeanvenional 42 wethogeimwhigh lactic acid is

heated under reduced pressure to produce lactic acid oligomers, which are then depolymerized by
heating in theligradempé b ancatbityst arvder reduced pressure, to cause conversion into lactide, may be
prefeg%bly us%(()jdgTé?e catalyst used for the depolymerization of lactic acid oligomers is not restricted,
Membrane permeation flux (m’ /m2/day) = amount of permeated
liquid/membrane area’/collection time --- (Equation 5)
[0087]
Examples of the material of the nanofiltration membrane which may be used
15 in the present invention include macromolecular materials such as cellulose acetate
polymers, polyamides, polyesters, polyimides and vinyl polymers. The membrane
is not restricted to a membrane constituted by only one of the materials, and may be a
membrane comprising plural membrane materials, In terms of the structure of the
membrane, the membrane may be cither an asymmetric membrane, which has a
20 dense layer on at least one side of the membrane and micropores having pore sizes
that gradually increase in the direction from the dense laver toward the inside of the
membrane or the other side of the membrane, or a composite membrane, which has a
very thin functional layer formed by another material on the dense layer of an
asymmetric membrane. Examples of the composite membrane which may be used
25 include the composite membrane described in JP 62-201606 A, which has a
nanofilter composed of a polyamide functional layer on a support membrane

comprising polysulfone as a membrane material.



5and is usually a catalyst having a metal selected from the group consisting of Group IA, Group IlIA,
Group IVA, Group IIB, Group IVB and Group VA in the periodic table, or having a metal compound
containing it. [0113] Examples of the catalyst having & metal belonging to Group IA include
10hydroxides of alkali metals (e.g., sodium hydroxide, potassium hydroxide and lithium hydroxide),
salts between alkali metals and weak acids (e.gi., sodium lactate, sodium acetate, sodium carbonate,
sodium OCW'aﬁ@ dium stearate, potassium lactate, potassium acetate, potassium carbonate and.
potassium octylate), and alkoxides of alkali metals (e.g., sodiLethoxide, potassium methoxide. sodium

Loethoxide and potassim Sioxide), IAARL medmameies ALIN% calalst havinga metdl helonging to

Group llIA include aluminum ethoxide, aliminum isopropoxide, aluminum oxide and aluminum

chloride. 2010461y amiEarales: ol om calalis'AYG: & metal oRlanaing; i Giaue A inglide

organotin catalysts (tin lactate, tin tartrate, tin dicaprylate, tin dilaurate, tin dipalmitate, tin distearate, tin
dioleate, tin agipkthaate:rtiovel parflitheate=anditin oeiydate) asmiet:asHighpeystentin oxide and tin
halides. 25[0116] 43 [011@2 Examples of the catalyst having a metal belonging to Group IVB
includetitaniufrEbeipotmasElehl dly earapiopyrttamatessane Zingdbmermedrii ppundsigtich as zirconium
isopropoxide. %(%]118] Examples of the catalyst having a metal belongin% to Group VA include
antimony con}fg

S RERH B rtirh SH AR e bHGH e SinpbisAAsrelHHd DisHitth(111) oxide
[0119] 10Am904 155, RSAANSLIRMIG U0 0 AR.EPANROHIRIS RIS 1 s of he actvy. and

membrane and a non-woven fabric, is suitable.  Further, as a polyamide
semipermeable membrane, a composite nanofiltration membrane having, on a

10 support, a functional fayer of a cross-linked polyamide obtained by polycondensation
reaction between a polyfunctional amine and a polyfunctional acid halide is suitable.
[6089]

In the nanofiltration membrane having a functional layer composed of a

polyamide, preferred examples of the carboxylic acid component of the monomers

15 constituting the polyamide include aromatic carboxylic acids such as trimesic acid,
benzophenone tetracarboxylic acid, trimellitic acid, pyromellitic acid, isophthalic
acid, terephthalic acid, naphthalene dicarboxylic acid, diphenylcarboxylic acid and
pyridinecarboxylic acid. In view of solubility to film-forming solvents, trimesic
acid, isophthalic acid and terephthalic acid, and mixtures thereof are more preferred.

20 [0090]

Preferred examples of the amine component of the monomers constituting the

polyamide include primary diamines having an aromatic ring. such as m-
phenylenediamine, p-phenylenediamine, benzidine, methylene bis dianiline, 4,4°-
diaminobiphenylether, dianisidine, 3.3’ 4-triaminobiphenylether, 3,3°,4.4°-

25 tetraaminobiphenylether, 3,3’-dioxybenzidine, 1.8-naphthalenediamine, m(p)-

monomethylphenylenediamine, 3,3’ -monomethylamino-4,4°-diaminobiphenylether,

4 N, N"-(4-aminobenzoyl)-p(m)-phenylenediamine-2,2 -bis(4-



The amount of the catalyst to be used is about 0.01 to 20% by weight, preferably about 0.05 to
15% by weight, more preferably about 0.1 to 10% by weight, 15with respect to the lactic acid
oligomers. [0121] The depolymerization reactioritnay be carried out using a conventional vertical
reaction vessel, or may be carried out using a molecular still. Examples of the molecular still include
those of the pot still type, the falling film type and the 20centrifugal type. The falling film type and

contrugal A oI S DL retPas IO, LA SR aT BLH e

centrifugal type molecurar &t employs a’ métho

expanded on g.hegied-susface using the centifigalforce, and @@'L&Q%%%%ﬁ%ﬁgé?@%r stll

employs a method in which a vaporized substance i5 allowed to flow a heated surface

to form a thinfilgefitheiveporzesd substanganlQd 22h A depplymeraatian temperature is set to 160
to 300C, preferably 180 to 44 260C more preferably 190 to 250C. In cases where the temperature is

lower than 160Gstdistill&ticm ofiasticd i diffiosit}iahddpobrisiddcabiynhigindegremafvacuum is

required. On the other hand, in cases where the temperature is higher than 300C, racemization and
coloration arePHRER! s GECOPISDELDI Preferdlyrusylirifesitlbamicaiasoiyinied anmorheamperiatus is not
more than the vapor pressure.or lactide at the depolymerization temperature, and usually about 1 to
50 Torr. A loWer PrESE PSS BHEPRABCHREE T ’fﬁ?és@%&at'ﬁ% Eélﬁl‘@gflé?ﬁpergiﬁﬂt‘;pm%?‘lﬁ% low. More

particularly, the pL ?@Fér%ﬂ r {gar%lgl 1 to 20 Ton, more. preferably. 101,to. 10 Torr, still more preferably
Ito 5 Torr. [011204] % The?‘}es%enlce %Srﬁlej?r%}t e OerTL gyer%teigr{lga 1[8?18gﬁ%(gga?ﬁr%efsazﬁ%ferably as short as

possible in view pfpieventngJasemization ardysualhio o mere.than haus. 56 efd,molecular still
is preferred since, in this case, the time may be not more than 10 15minutes, preferably not more than

3 minutes, morenprefaratlyraatmdreytianChenincer (0hab] Thestactdspmeuead;byotheimethod for
producing lactide can be removed to the outside of the depolymerization reaction system as a vapor,
and collectedsrPpelinkeddyhertioneaidhctivielcan haginphyngarmied oud Gsithgraccondenser attached to

the o
constituting component represented by the Chemical Formula (1).  Further,

preferably, in the Chemical Formula (1), n=3. Examples of the nanofiltration
membrane having a functional layer composed of a polyamide containing a cross-
linked piperazine polyamide as a major component and further containing a

15 constituting component represented by the Chemical Formula (1) include the one
described in JP 62-201606 A, and particular examples thereof include UTC60
manufactured by TORAY INDUSTRIES, INC., which is a cross-linked piperazine
polyamide semipermeable membrane having a functional laver composed of a
polyamide containing a cross-linked piperazine polyamide as a major component and

20 further containing a constituting component represented by the Chemical Formula
(1), wherein n=3,
{0091

A nanofiltration membrane is generally used as a spiral-wound membrane

element, and the nanofiltration membrane used in the present invention is also

25 preferably used as a spiral-wound membrane element. Particular preferred
examples of the nanofiltration membrane element include GFEsepa, which is a

cellulose acetate nanofiltration membrane manufactured by GE Osmonics; NF99 and



20depolymerization apparatus. [0126] [Polylactic Acid] The polylactic acid of the present invention
includes a homopolymer of L-lactic acid units or D-lactic acid units; a polylactic acid block copolymer
constituted 25 by a segment composed of poly-L-la&lic acid units and a segment composed of
polyD-lactic acid units; and a copolymer with monomers other than lactic acid. In cases where the
polylactic acid is a copolymer, examples of the monomer units other than 45 lactic acid include glycol

compounds s ethylene glycol lene glycol, butanediol, heptanediol, hexanediol, octanediol,
D e ARG QT B i CEBERRH hcor

t
nonanediol, decanedio

bisphenol A, Ralveshlne:alvrehabipRPXiene gleal and pRisliametilens gycalsdicarboxylic
I

acids such as oxalic acid, adipic acid, sebacic acid, azelaic acid, dodecanedioic acid, malonic acid,
glutaric acid, eyelghexanedicrrboxylisacidatesapihalicrasidi JsepiithalioagidsRithalicagid,
naplithalenedicarboxylic acid, bis(pcarboxyphenyl)methane, anthracenedicarboxylic acid, diphenyl
ether dicarboXylicdoigesoaemayHoisephthalit:cciddhgd Fetnabutybphesphoniudgseplithalic acid;
10hydroxycarboxylic acids such as glycolic acid, bydroxypropionic acid, hydroxybutyric acid,
hydrox?valeri@gé%/&?h%}ré%?c@ﬁc%@gé%i@v Addhya oy E HEsidoacie s ctssidesuch as caprolactone,

valerolactone, propiolactgne, C 1,5-oxepan-2-ong. The amount of copolymerization
of the above- eas%ﬁj %BTS%?Q @@%ﬂﬁ%ﬁ%ﬁp@%ﬂ@@?ﬁéfg&%W@GtﬁﬁB@}QYrﬁ@re
preferably 0 to, mali WMHPSRRRL (RS HalRlimanamer components, [3127] the method for

producing the polylact ¢ acid i1s'not restricted, and a co al pro mé(tiﬁod for polylactic acid

may be used cRarisiarexamniaref theknonwnoeiheginsivde.thelagticle. methed,gapstituted by two

steps, 20wherein lactide, which is a cyclic dimer, is first produced using lactic acid as a raw material,

followed by pecignining Hrgrepening polymeasizatpr;sanddhs direcealymerization methadgonstituted
by a single step, wherein the raw material is subjected to direct dehydration polycondensation in a
solveht Any SpfNédEverHBES Pracsdcused 19B[0Ea8T feralythe: Rectidd Fethibdvdrnchthe: direct

th of time required for the polymerization can be shortened by using a

polymerization me pod, the Ieng
catalyst for thApditration membranes having a functional layer composed of a polyamide,

manufactured by Alfa-Laval; NF-45, NF-90, NF-200 or NF-400, which are

nanofiltration membranes having a functional layer composed of a cross-linked

piperazine polyamide, manufaciured by Filmtec Corporation; or SU-210, SU-220,

}d
3]

SU-600 or SU-610, which are nanofiltration membrane modules manufactured by

TORAY INDUSTRIES, INC., having UTC60 manufactured by the same

manufacturer, which has a functional layer composed of a polyamide containing a

cross-linked piperazine polyamide as a major component and further containing a

constituting component represented by the Chemical Formula (1).  The

20 nanofiltration membrane element is still more preferably SU-210, SU-220, SU-600
or SU-610, which are nanofiltration membrane modules manufactured by TORAY
INDUSTRIES, INC., having UTC60 manufactured by the same manufacturer, which
has a functional layer composed of a polyamide containing a cross-linked piperazine
polyamide as a major component and further containing a constituting component

25 represented by the Chemical Formula (1).

[0092}

The filtration through a nanofiltration membrane in the Step (B) may be



polymerization reaction. Examples of the catalyst include metals such as tin, zinc, lead, titanium,
bismuth, zirconium, germanium, antimony and aluminum, and derivatives thereof. The derivatives are
preferably metal alkoxides, carboxylates, carbonate34 oxides and halides. Particular examples thereof
include tin chloride, tin acetate, tin octylate, zinc chloride, lead oxide, lead carbonate, titanium chloride,
alkoxytitanium, germanium oxide and zirconium oxide. Among these, tin compounds are preferred,

and tin acetate_and tin octylate are more prefetred.,[0129] The polymerijzation reaction may be carried
out in the preggﬁé%do%utﬁ%%g %@%B&%t%&%ﬁﬁggg@lg? Rt ﬁ%&éﬂgﬂ%&{i@ﬁ%g@,r%ugh the
remperature vgfies denensinoien (NG bkl e oAt et order g emove water produced

by the polymerization reaction, the polymerization reaction is erably carried ou undér reduced
pressure, andiiberRigbsureis-areferaaalanare than kiairmatssniaieranly matmere than 1.5 kPa.
15[0130] For the polymerization reaction, a compound having two or more hydroxyl groups or
amino groupspireshemsleouteima) béPused asapalymeszddahimgator. Examplesefdthie: compound to
be used as a polymerization initiator, which has two or more hydroxyl groups or amino groups in the
molecule, incRIGBPEWOIS dbichahg SHEtH R ATyl igropiie nenglyebl-bitdh. cdiblyRextmediol,
octanediol, neopentyl glycol, diethylene glycol, triethylene glycol, polyethylene glycol, polypropylene
glycol, glyce riﬂ’,%ﬂ%‘ﬂgﬁaﬁ}%%%béﬁ’é ?ﬁ%?é%%}tﬁﬂtg}?fdﬁlb%ﬁgéﬁﬁiﬁt%ﬁ!‘tﬂ%’éﬁ?@é??ﬁffh%iﬁ%b?b itol,

POl el ol dav iy L BRI A Dol o e e e

polyvalent amines suc enediamine, enedianiine, butane h ddiamine,
dlethylenetrlaﬂg@g@_}g}@geﬁ@jamm;lﬁgﬁ%}gﬁ@@cam_g AEIYE preferre a3 (gure TE amount
of the polymerization initiator to be added is not restricted, and preferably 0.001 to g parts by weight,
more preferabiybif) thtordpas by iveight Wit respect to 100 parts by weight of the raw material used
CL-lactic acid, D-lactic acid, L,L-lactide or D,D-lactide). [0132] In cases where the polylactic acid is
produced by {#8%itect polymerization method, the lactic acid used as a raw material needs to be
highly pure, and the |actic acid of the present invention can be sufficiently applied to the direct
polymerization methbF §HE SRR Edacts TEl drStmpoRrifcrnidnstistnenl g setestricted as
10long as it d\%ggrg%t adversely affect th p?#%/merization, anéi r{ma. be. water or an organic solvent.

&

¢ CONCeNTaiion fséu h a“t?@%%‘%i&%??bo %@%?ggf ML Bfhatic

Examples of the organic solvent inclu 8

hydrocarbons eiuie IRNERSBMETR, WA IRDENSIAraRSIRRNE A TG ther. I cases

where the polylactic acid is produced by the direct po rization met y removing water

produced by the&eandensation mastiaadothe vuiside-ofdna.systeny the polymgrization can be
promoted. The method of removal to the outside of the system is preferably polymerization under

reduced presEiffefland the pressure is preferably not more than 7 kPa, more preferably not more than
1.5 kPa. [0133] 20The polylactic acid of the present invention characteristically has a weight
The concentrations of the inorganic salts in Step (B) are not restricted, and
may be not less than the saturation solubility. That is, in cases where the
concentration of an inorganic salt is not more than the saturation sotubility, the
inorganic salt is dissolved in the culture medium, and in cases where the
20 concentration of the inorganic salt is not less than the saturation solubility, the
inorganic salt is partially deposited. However, in Step (B), both inorganic salts
dissolved in the permeate of Step (A) and inorganic salts deposited or precipitated in
the permeate of Step (A) can be removed or blocked, so that lactic acid can be

filtered without restriction by the concentrations of inorganic salts.

25 [0095]

The permeability of lactic acid through the nanofiltration membrane upon

separation of lactic acid contained in the permeate of Step (A) by the above method



average molecular weight of not less than 120000, a thermal weight loss rate of less than 6.5% under
a nitrogen atmosphere at a constant temperature of 200C with a heating time of 20 minutes, and an
APHA unit color number of not more than 15. In casEs where the weight average molecular weight of
the polylactic acid is not less 25 than 120000, preferably not less than 140000, the polylactic acid has
an excellent mechanical strength; in cases where the thermal weight loss rate is less than 6.5%,

preferably not mare than 6.0%, the polylactic acid has an excellent therma| stability; 48 and in cases
) IAGE R FyA ﬁ%ﬁylgz}?ﬁﬁg%?%kfz%lgﬁﬁ é@ﬁ%@@f%‘%‘&yla % 4GHE ASS an excellent

where API-IATS hot more

hue; o that U RlRGHE &G L ihe rgsentinvemian ot ptslies s phoiga properties i

suitable for various uses such as fibers, films and mold es. 134] The

present invengigiewilknew beiglercibed inmace detall Aut e presemntinvention isnotasiricted to the
Examples below. [0135] OIn the present invention, as a microorganism having an ability of L-lactic acid

fermentation, ISaecharbmoycesiceravisiattte witichnantiolacfate dehydrddenasdigdania (hLDH gene)
derived from Xenopus laevis having the base sequence shown in SEQ ID NO:1 was introduced to the
chromasome RS ¢Ee GApEIsid-saREpaian o Bsiam dhsrr)Rie futitioriOf MsastrStieihaving Ability of
|J-Lactic Acid Fe{m,en_tation A strain pred from the B3 strain described in JP 2008-029329 A was used
as a yeast strA RV ECAE ) oI RATEORRBRS HENEHEA T AIREFBMod of breeding is described
below. 20[01 5@)9 To the B3 strain, the L-LDH gene shown in SEQ ID NO:1 was introduced at the
SED1 locus. or'tﬂe introduction to the SEDI locus, PCR was carried out using pTRS102 described in

JP 2008-029329 A as,anAmRiGAIETRAILE: ANHeldenuGlealidesSEQRNGS.and 3) as a
primer set, to amplify a PCR fragment 25 of 1.3 kb containing the L-LDH gene derived from Xenopus

laevis and thdigini 13 termidaiaiceacuanae: Mere;- SEQuHRING@R was designed such that the sequence
corresponding to the sequence of 60 bp in the upstream of the initiation codon of the 49

10 [0097]

In the method for producing lactic acid of the present invention, the permeate
of Step (B) is further subjected to distiliation in Step (C), to obtain lactic acid with
high purity. The distillation step is carried out under a reduced pressure of not less
than I Pa and not more than atmospheric pressure (normal pressure. about 101 kPa).

15 In cases where the step is carried out under a reduced pressure of not less than 10 Pa
and not more than 30 kPa, the distillation temperature can be lower, which is more
preferred.  The distillation temperature in the cases where the step is carried out
under reduced pressure is not less than 20°C and not more than 200°C, but. in cases
where the distillation is carried out at a temperature of not less than 180°C,

20 racemization of lactic acid may be caused by the influence of impurities. Therefore,
the distiliation of lactic acid may be preferably carried out at a temperature of not
less than 50°C and not more than 180°C, more preferably not less than 60°C and not
more than 150°C.

{0098}

25 Before subjecting to the Step (C), the permeate of Step (B) may once be

concentrated using a concentrator such as an evaporator, or the permeate of Step (B)

may be further subjected to Step (F), wherein the concentration of lactic acid is



SEDI gene was added. [0138] Subsequently, by PCR using the plasmid pRS423 as an amplification
template, and oligonucleotides (SEQ ID NOs:4 and 5) as a primer set, a PCR 5fragment of about 1.3
kb containing the HIS] gene, which is a yeast selectign marker, was amplified. Here, SEQ ID NO:5
was designed such that the sequence corresponding to the sequence of 60 bp in the downstream of
the stop codon of the SED1 gene was added. [0139] 10Each DNA fragment was separated by 1%
agarose gel electro I?i%gee, i and purified according to a conventional method. PCR was carried out
using a mixtu?‘g%ﬁg% tséﬁtlr 3?\5‘\3&{)988 BFREGRERTAOSF ABETRIB% b 4 YRS AFiRsHSh template,
and otigonuclgl%l_(% SUPRQJID NQs. 2 and, L s a primer sef, to amplify a PCR, fragment,of about 2.6
kb in which the L- %H gene eri%)[eaufré)’m éjgo h{g‘g%% < ihs i%'ﬁglll—'l t?é)rlﬁnolhé or a“%%ﬁ)é/ HIS] gene

are linked toggiharianthHhe SEsHAREES SAIFERNARKIBGLR ;@sré%%eﬁg}%%ﬂ;&%bp in the
upstream/downstream of the SED | gene were added to the 5'-end and 3'-énd, respectively. [0140]

The above DNAcfragenentsvasiseparateddycidm aganese ietclectcophargsisQaacbpusified according
to a conventional method. The B3 strain was transformed with the DNA fragment and cultured in a
histidine-free Fdlgiiiar to Seldcpealecahstormarisia drhiohthede-b DidsgeneldérivedeftorpeXéraopus laevis
was introduced to the downstream_ of the SED | gene promoter in the chromosome.. [0141]
25Contifiatiort 5t PR PACRIFE e Fhils Sotamhiybe arrais it seyealasiaviag thdich Brsene derived

from Xenopus Iagyisc'gteogé{fqgsgongrégl 1pwnstre m of the SED1 Pe%]a}gromoter in tgg chromosome
he genomic 50 DNA Bt the taREfol ant Was prepaFedlising the genomic

was carried olit as follows.
DNA extractiondii GeRTiFe (aniaeluea, oy BN EER AR f1en caried ou

T
using the prepared genomic DNA as an amplifica%on template, and oligonue

and 7) as a ppotefusetidacanid mudeth erandampbfisd RN AR iaament of aaut,? 9 kb was obtained.
In the non-transformed strain, an amplified DNA fragment of about 1.4 kb is obtained by the above

PCR.IThe transipamalt dravimgetoed:oub igeme denNeshirom Xenopts dagwissindiadtieadsto the
downstream of the SED | gene promoter in the chromosome is hereinafter referred to as the B4
fouling. on the surface of the reverse osmosis membrane, a low-fouling reverse
osmosis membrane, which is mainly for sewage treatment, may also be preferably
employed, which reverse osmosis membrane is prepared by covering the surface of a
separation functional layver made of a polvamide with an aqueous solution of a
15 compound having at least one reactive group reactive with an acid halide group,
thereby allowing acid halide groups remaining on the surface the separation
functional layer to form covalent bonds with the reactive groups. Since most of the
divalent calcium ions have been removed in Step (B) of the present invention, stable
membrane concentration can be carried out without formation of scale on the surface
20 of the reverse osmosis membrane.
100997
Examples of the reverse osmosis membrane preferably used in the present
invention include composite membranes having a cellulose acetate polymer as a
functional layer (hereinafter referred to as cellulose acetate reverse osmosis
25 membranes) and composite membranes having a polyamide functional layer

(hereinafter referred to as polyamide reverse osmosis membranes). Here, examples

of the cellulose acetate polymer include polymers prepared with organic acid esters



strain. 10[0142] Subsequently, the yeast SWO015 strain described in JP 2008-48726 A, having a
temperature-sensitive mutation in the pdc5 gene, was mated with the B4 strain obtained as described
above, to obtain diploid cells. The diploid cells were3cultured in an ascus formation medium to allow
ascus formation. Asci were dissected using 15a micromanipulator to obtain the respective haploid
cells, which were then studied for auxotrophy. Among the obtained haploid cells, a strain having the

L-LDLLL gene diask Oy EnaH S G TJBSETs AN ERC, SED and TDI-1.3 loc

and the temperature-sensitive mutation in the PDC5 gene (nonviable at 34C) was obtained, and the

respective matingibypesdniaandiMATaweratsalectediAmaRgh20:the.abtained veaststrains, the
one having the mating type of MATa was designated the SU014-8A strain, and the one having the

mating type ofiMAT awasd designatedthkeSt0i«B8 straie. [@148] Subseqiienthy, the dysise auxotrophy
of the SU014-8A strain was restored. 25Using the genomic DNA of BY4741 manufactured by
Funakoshi COHYEiatieR B %ﬁlﬁ%@,@ﬁﬁ@lﬁ%@ﬁ&@l@%ﬁé@(@@ §iy DS BB AS a primer set,
PCR was caryi % t to amplify a PCR fragment of about 2 kb corresponding to the first half of 51 the
LYS2 &ene. ‘I[f?é ﬁove PCR fragment was separated by 1% agarose gel electrophoresis and purified

according 0 & conventianal matied, The SHOAAA SaInWAS TANSTormed wih e PCR ragmen,to

= .
cancel the amber mutatio gene. By culturing the resultant in a lysine-free medium, a

transformant Bhayingra IRstored sine;SHAINRUGRPRRAIDFIAS.SEESES 44 cmbGRafirmation of the
fact that the thus obtained transformant is yeast in which the amber mutation of the LYS2 gene was

canceled waq @Hriipd out as follows. First, the obtained transfonnant was mated with the 20GY77
strain having the wild- 1 Otype LYS2 gene, to obtain diploid cells. The diploid cells were cultured in an
ascus formation medaifraakoanayensidroaiorrcAsoiwesrardisbectedsedingtbemicsentanipulator to
obtain the respective haploid cells, which were then studied for auxotrophy. It was confirmed that all

the otj).f%\ined Wﬁ%‘b%ﬁ@fﬁ@ﬁ%%@ﬁ%@%@quEMH@Fé%@%%'@’S/nthetic
copcty e S SR el e L L ER s e e
obtained by theresiprafionohihelysingrsxnthetigqanagionohing SuGRA, SAseiain s herelpafter
referred to as HIOOL1. [0145] 20Subsequently, the leucine auxotrophy of the SU014-3B strain was
restored. as high-pressure type modules SU-810, SU-820, SU-820L and SU-820FA containing
UTC70 as the reverse osmosis membrane; cellulose acetate reverse osmosis
15 membranes manufactured by the same manufacturer SC-L100R, SC-L200R, SC-
1100, SC-1200, SC-2100, SC-2200, SC-3100, SC-3200, SC-8100 and SC-8200;
NTR-759HR, NTR-729HF, NTR-70SWC, ES10-D, ES20-D, ES20-U, ES15-D,
ES15-U and LF10-D manufactured by Nitto Denko Corporation; RO98pHt, RO99,
HRYEPP and CE4040C-30D manufactured by Alfa-Laval; GE Sepa manufactured by
20 GE; and BW30-4040, TW30-4040, XLE-4040, LP-4040, LE-4040, SW30-4040 and
SW30HRLE-4040 manufactured by FilmTec Corporation.
10102]
[Lactic Acid]
The present inventors discovered that the lactic acid obtained by the above
25 method for producing lactic acid contains only small amounts of impurities and

hence the quality of the lactic acid is high enough to be used for production of a

polylactic acid by direct polymerization. Further, the present inventors specified



Using pRS425 as a template, and oligonucleotides (SEQ ID NOs:10 and 11) as a primer set, PCR was
carried out to amplify a PCR fragment of the LEU2 gene of about 2 kb. The above PCR fragment was
separated by 1% agarose gel electrophoresis and pd#fied according to a conventional method. The
SU014-3B 25 strain was transformed with the PCR fragment, to cancel the mutation of the LEU2 gene.
By culturing the resultant in a leucine-free medium, a transfonnant having a restored leucine synthetic

capacity was gel d. 14 onfirmation of the.fact that the. thus obtained transformant is
B e o e T S OB the

. . Q 1
yeast In which utation O(l; gene was canceile S carri ou

obtained transiprmam RS MAes Y he 20007 Saib JRving:the wid- e kELI2 Sgene, to obtain

diploid cells. The diploid cells were cultured in an ascus formation medium to allow ascus formation.
Asci were dispested usingiammiciomaniplaiortofohidin thearespeaty grbaploigyeationwhigh: were then
studied for auxotrophy. It was confirmed that all the obtained haploid cells have the leucine synthetic
capacity. In cHsekwhaadirenaisinessynihgticitajpaeiys wasaestdrei withowt vancetiatiomaf the
10mutation of the LEUZ2 gene, cells which do not have the leucine synthetic capacity are obtained
among-the hapRRPRETGHeIIdasBesHBRd ApBVe Priferabin entarcday therssmienon of the
?r referred t% as_H1002. [0147]

leuci heti ity of the SU014-3B strain is hereinaf
e S B PR R R S B A2 L, o
a diploid protoliaRhic, SRR MAIEN Sl fgia&&’éo@@wgcﬂ%%}wﬁxﬁm%a%bﬁgs"&%ds%fead% [Sgreinafter

. THS,
referred to as the 1-11003 strain. [0 Lactic acid was confirmed by me}éélmng the amount

of lactic acid byrbiRAcoZindarthe follewingweanditions {2149 GRlumsashin:Rack SRRl

(manufactured by Shimadzu Corporation) Mobile phase: 5 mM p-toluenesulfonic acid (flow rate: 0.8
mL/min.) Redetion soilitigntibrmdd pdtiueregulforictaci 702 mMhBiss Tyis; @ koM ReERETA 2Na (flow
ate: 0.8 mL/min.) Detection method: electric conductivity Temperature : 45C
by direct dehydration polycondensation of the Jactic acid has a low weight average
molecular weight and a low mechanical strength, which is not preferred.  Further, in
cases where lactic acid having a content of methanol of more than 70 ppm was used.,
the synthetic yield of lactide decreases, which is not preferred.
[0103]
15 The second feature of the lactic acid of the present invention is that the lactic
acid contains, as an impurity in 90% aqueous lactic acid solution, pyruvic acid at a
concentration of not more than 500 ppm, preferably not more than 400 ppm, more
preferably not more than 300 ppm. The content of pyruvic acid in 90% aqueous
lactic acid solution can be measured by high performance liquid chromatography
20 (HPLC). In cases where the lactic acid has a content, in 90% aqueous lactic acid
solution, of pyruvic acid of more than 500 ppm, undesirable hue is obtained for
polylactic acid produced by polymerization of the lactic acid.  The hue of a
polylactic acid can be evaluated based on the degree of coloration, and, as an index
of the degree of coloration, the APHA unit color number may be used. The APHA
25 unit color number (Hazen color number) is a value calculated according to the

measurement method of JISK0071-1 (established on October 20, 1998).  Further, in

cases where lactic acid having a content of pyruvic acid of more than 500 ppm was



53 [0150] Measurement of the optical purity of Llactic acid or D-lactic acid was carried out by
HPLC under the following conditions. [0151] 5Column: TSK-gel Enantio Li (manufactured by quoh
Corporation) Mobile phase: | mM aqueous copper sgffate solution Flow rate: 1.0 ml/min. Detection
method: UV 254 nm Temperature : 30C 10[0152 The optical purity of lactic acid was calculated by the
following equation. [0153] Optical purity (Vo) = 100 (L-D) or (D-L)/(L+D) (wherein L represents

th trati h-lactic acid, and D represents the 15concentration of D-lactic acid). [0154]
(Rfafceorgﬁig Eég??\i&fléeﬁyﬁir%e bcc‘t{i%)er?({;? L-afggﬁ ALY %géﬁ%ﬁﬁé\ﬁ’é’ﬁ‘owwgmﬁ%rl-llow strain

prepared in Rgference Example 1.and.a.raw material sugar medium (70 g/L Yutosei (manufactured by
MUSO Co., Ltd.)), a batch 20feinien?ation test was carried out. The medium was autoclaved (121C, 15

minutes) beforgiogg. Evaluation of the concentration of lactic acid, which is the product, was carried
out using HPLC shown in Reference Example 1, and the glucose concentration was measgred using
Glucose Test Wako ThéniantifasturedhyidMaiie RudeoCiterpieatdndustiias Lith) Thelgprrating
conditions of the batch fermentation 25apparatus of Reference Example 2 were as shown below:
[0155] 5 acid contains, as an impurity in 90% aqueous lactic acid solution, furfural at a
concentration of not more than 15 ppm, preferably not more than 10 ppm, more
preferably not more than 5 ppm. The content of furfural in 90% aqueous lactic acid
solution can be measured by high performance liquid chromatography (HPLC). In
cases where the lactic acid has a content, in 90% aqueous lactic acid solution, of
10 furfural of more than 10 ppm, undesirable hue and thermal stability are obtained for
polylactic acid produced by polymerization of the lactic acid. The thermal stability
of a polylactic acid can be evaluated based on the thermal weight loss rate, Further,
in cases where lactic acid having a content of furfural of more than 15 ppm was used,
increase in the APHA unit color number oceurs in the obtained lactide, which is not
15 preferred.
[0105]
The fourth feature of the lactic acid of the present invention is that the lactic
acid contains, as an impurity in 90% aqueous lactic acid solution, 5-
hydroxymethylfurfural at a concentration of not more than 15 ppm, preferably not
20 more than 10 ppm, more preferably not more than 5 ppm.  The content of 5-
hydroxymethylfurfural in 90% aqueous lactic acid solution can be measured by high
performance liquid chromatography (HPLC). Polylactic acid obtained by
polymerization of lactic acid having a content, in 90% aqueous lactic acid solution,
of 5-hydroxymethylfurfural of more than 10 ppm has undesirable hue and thermal
25 stability. Further, in cases where lactic acid having a content of 5-

hydroxymethylfurfural of more than 15 ppm was used, increase in the APHA unit

color number occurs in the obtained lactide, which is not preferred.



Fermenter capacity (amount of lactic acid fermentation medium), 2 (L); temperature 54 adjustment, 32
(C); ventilation volume for fermenter, 0.1 (L/min.); stirring rate of feiuienter, 200 (rpm); pH adjustment,
adjusted to pH 5 with 1 N calcium hydroxide. [0156]4Birst, the H1003 strain was cultured in 5 ml of the
raw material sugar medium 5in a test tube overnight with shaking (pre-preculture). The pre-preculture
medium was inoculated to 100 ml of a fresh raw material sugar medium and subjected to culture in a
500 ml Sakaggé t&i()ﬂask for 24 hours with shaking (preculture). Temperature adjustment and pH
adjustment were carried out, and fermentation culture was performed. As a result of the batch

fermentation for 50 hﬁjfér%’fm%%l&%g%?%gg%i:l?%%gg%%%ﬁé?tednlﬁ%qfcr?%% \%Iﬁ f f‘%{tﬁ "4-9( 9/L, and the

optical purity was 99.9% for L-lactic aci e xample nuous Féfmentation

Process Usingeitae:bH0 Sitain prsaatodinmeleiense BAmale il soninyaus dieimentation of lactic

acid was carried out with the culture apparatus shown in Fig. 1. Removal of thé permeate from the
membrane separationvessénvas:oartiec 600 yping @dViasteriiex plornhas Amngsiimadaw material
sugar medium (70 g/L Yutosei (manufactured by MUSO Co., Ltd.), 1.5 g/L ammonium sulfate) was
used. Fhis raRFpheEN el gaermdaiuhd arrautodiavedtat coempbrataretf it 20 feqiBminutes 20 at
a high pressure (2 atm) before use, As a porous membrane element member, a molded article made

of stainless st&&V5AH sﬁ&Wﬁﬁﬁ@F&@ﬁ%@%@%&?%@?&?&’&?ﬂ%}%(ﬁﬁ@%bmséshﬂﬁ@&ﬁ/ fiber
membrane prgpared by the method ﬁldgsglng [b%%%:%?a%%gg@g@lﬁ Fb(lni?{e%fg\/{gg&gé)g%)t%%% was used.

The operating conditions were as follows, pac e of

culure meiuRR BHIATSAGION L5 )o5 REIOKS BRTINANG 3o RYBE ftvation membrane

Effective filtration area of membrané séparation element: 2800 cm2 Témperature adjustment: 32 (C)
potycondensation of the lactic acid has a low weight average molecular weight and a

10 low mechanical strength, which is not preferred.  Further, in cases where lactic acid
having a content of methyl lactate of more than 600 ppm was used, increase in the
APHA unit color number occurs in the obtained lactide, which is not preferred.
[0107]

The sixth feature of the lactic acid of the present invention is that the lactic

15 acid contains, as an impurity in 90% aqueous lactic acid solution, acetic acid at a
concentration of not more than 500 ppm, preferably not more than 400 ppm, more
preferably not more than 300 ppm.  The content of acetic acid in 90% aqueous
lactic acid solution can be measured by high performance liquid chromatography
(HPLC).  Polylactic acid obtained by polymerization of lactic acid having a content,

20 in 90% aqueous lactic acid solution, of acetic acid of more than 500 ppm has
undesirable thermal stability. Further, in cases where lactic acid having a content of
acetic acid of more than 500 ppm was used, the synthetic yield of lactide decreases,
which is not preferred.
[0108]

25 The seventh feature of the lactic acid of the present invention is that the lactic
acid contains, as an impurity in 90% aqueous lactic acid solution, 2-hydroxybutyric

acid at a concentration of not more than 500 ppm, preferably not more than 300 ppm,



Ventilation volume for culture reactor: air, | (L/min 5Stirring rate of culture reactor: 800 (rpm) pH
adjustment: adjusted to pH 5 with 5 N calcium hydroxide Sterilization: 121C, 0.2 MPa, 20 mm., for
all of the culture reactor including porous membrane;glement, and medium used Removal rate of
culture medium: 0.16 m3/1 /d 10[0159] Removal of culture medium by a Masterflex pump was
started 50 hours after the initiation of the culture, and the culture was continued until 500 hours after
the initiation of the CL%%%’ .. The results of measurement of the concentration of lactic acid, which is the

product, and tHETa&f PGS e AP BRbwn liRcrigree b e Rckieadiasonaeistiation was
measured by .shown.in Reference E ampLeu1 d r% 1Iz;\_(étri acid preduction rate was
%%LQS%SQ ﬁa&\% crd SG Tb&f% 6T1E g e d %&?’1 t%lo v 1[:

calculated using the Equation 7 below. actic acid produc rat()ei‘?balawll_ ﬁrﬁi%: concentration of

lactic acid accymtated.ipremare fiquid (g ierovabiate eblepmentationiauid (r)/ gperational

liquid volume of apparatus (L) (Equation 7) [0161] As a result, the ttransmembrane pressure difference

did not exceedlalikRa anat2hstablE operation waik possiblatvithaut-eausingtlggging @bihe membrane.
The average lactic acid production rate during the period from 50 hours to 500 hours after the initiation
of the culture Wess éhg/ A0t hacich dbtabéothomdheabdinye atéuofh &6 ithenporetdsmenarane during
the period from 400 hours to 500 hours after the initiation of the culture was used in the subsequent
Examples (ladf&d¥H188ACRREGh 25y groxy briatic deid opmear sitity Wopgus ) e 162] StReference

Example 4 Exglglon, f Feghl'y ot Megngsim Syt firoyon Nanofitraton Viembrane

[0169]
The lactic acid of the present invention may be either one of the (L)-body or
10 the (D)-body, or a mixture of the (L)-body and the (D)-body. In cases where the
lactic acid is a mixture, the optical purity, which indicates the isomer content of the
(L)}-body or the (D)-body, is preferably not less than 90% since the meiting point of
the obtained polylactic acid is high in this case. The optical purity is more
preferably not less than 95%, still more preferably not less than 99%. most preferably
15 not less than 99.9%.
[0110]
A lactide produced by using the lactic acid of the present invention as a raw
material and the method for producing the lactide; and a polylactic acid produced by
using the lactic acid of the present invention as a raw material and the method for
20 producing the polylactic acid; are also included in the present invention.
[0111]
{Lactide]
The lactide of the present invention includes L.L-lactide, D,D-lactide and
D,L-lactide, which are composed of L-lactic acid and/or D-lactic acid. The lactide
25 is preferably L,1-lactide or D,D-lactide.

[0112]

The method for producing the lactide is not restricted, and a conventional



To 10 L of ultrapure water, 10 g of magnesium sulfate (manufactured by Wako Pure Chemical
Industries, Ltd.) was added, and the resulting mixture was stirred at 25C for 1 hour, to prepare 1000
ppm aqueous magnesium sulfate solution. 10Subsetjuently 10 L of the prepared aqueous magnesium
sulfate solution was fed to the raw liquid tank 13 of the membrane filtration apparatus shown in Fig. 3.
As the 90(p nanofiltration membrane indicated by the symbol 19 in Fig. 4, a cross-linked piperazine

polyamide naanti!at:r tion membrane "UTC60" (nanofiltration membrane, 1, manufactured by TORAY
NBUSTRIES . e g B BB S e AR

(nanOfi|tfati0n&‘i‘g&ﬂ@:@[‘%@cﬁ‘ﬁr@%fﬁﬁtﬁéﬁgi%@ig&%ﬁﬂﬁﬁ{ tion). 3R0lymige papetiltration

membrane "NF99" (nanofiltration membrane 3, manufactured by Alfa-Laval) or a cellilose acetate

nanofiltration meeibtaineciGsspa’, (Danoiitatiearmembrane ddmanyfasturad by GRdQsmonics) was
placed in a cell made of stainless steel 20(SUS316). The raw liquid temperature was adjusted to 25C,
and the presstibe efttieshighdoiessardepulnpdibtoaas: adjlusted 4o O fBerioscalleetthietgbrmeate 16.
The concentrations of magnesium sulfate contained in the raw liquid tank 13 and the permeate 16

were qﬁalyzeanév-?tdﬁ‘%ﬂ%%ﬁj%&%?é}’é‘pwmﬂ’f%}é{m‘ﬂﬁcﬁiﬂ @i@‘ﬁé%%’ﬁ%’rﬁﬂ@ﬁ)*@mj@f tHewsllowing
(nan e o B AR e T RS SR o
sodium hydr C re (35C). [01 Cation; column (CS12A (manufactured by
Dionex Corpcc))%';%gi]?)’n%lx)r,l?1 gﬁlj%tg% (%%I\%A@n%?%ﬁﬁe%%&%%? ég}éfd), temperature (35C). 5[0165] The results

are shown in fkghlg 1. [0166] [Table 1] Permeation rate

Examples of the catalyst having a metal belonging to Group IA include
10 hydroxides of alkali metals (e.g., sodium hydroxide, potassium hydroxide and
lithium hydroxide), salts between alkali metals and weak acids (e.g., sodium lactate,
sodium acetate, sodium carbonate, sodium octylate, sodium stearate, potassium
lactate, potassium acetate, potassium carbonate and potassium octylate), and
alkoxides of alkali metals (e.g.. sodium methoxide, potassium methoxide. sodium
15 ethoxide and potassium ethoxide).
[0114]

Examples of the catalyst having a metal belonging to Group IHA include
aluminum ethoxide, aluminum isopropoxide, aluminum oxide and aluminum
chloride.

20 [0115]

Examples of the catalyst having a metal belonging to Group IVA include
organotin catalysts (tin lactate, tin tartrate, tin dicaprylate, tin dilaurate, tin
dipalmitate, tin distearate, tin dioleate, tin a-naphthoate, tin B-naphthoate and tin
octylate) as well as tin powder, tin oxide and tin halides.

25 [0116]
Examples of the catalyst having a metal belonging to Group 1B include zinc

powder, zinc halides, zinc oxide, and organozine compounds.



of magnesium sulfate (%) CO CA Concentration of magnesium sulfate in permeate (ppm) OZ OZ
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[0117]

Examples of the catalyst having a metal belonging to Group IVB include
titanium compounds such as tetrapropyl titanate; and zirconium compounds such as
zirconium isopropoxide.

[0118]

Examples of the catalyst having a metal belonging to Group VA include
antimony compounds such as antimony trioxide; and bismuth compounds such as
bismuth(IlI) oxide
[0119]

Among these, a catalyst having tin or a tin compound is preferred in view of
the activity, and tin octylate is especially preferred.

[0120]

The amount of the catalyst to be used is about 0.01 to 20% by weight,
preferably about 0.05 to 15% by weight. more preferably about 0.1 to 10% by weight,
with respect to the lactic acid oligomers.

[0121]

The depolymerization reaction may be carried out using a conventional
vertical reaction vessel, or may be carried out using a molecular still.  Examples of
the molecuiar still include those of the pot still type, the falling film type and the
centrifugal type. The falling film type and centrifugal type apparatuses are
continuous process apparatuses, and industrially widely used. A centrifugal type
molecular still employs a method in which a film of a vaporized substance is
expanded on a heated surface using the centrifugal force, and a falling film type
molecular still employs a method in which a vaporized substance is allowed to fiow
down along a heated surface to form a thin film of the vaporized substance.

[0122]

The depolymerization temperature is set to 160 to 300°C, preferably 180 to



Membrane material Cross-linked piperazine polyamide Cross-linked _piperazine polyamide
Polyamide Cellulose acetate Trade name (Manufacturer's i Name) filen (TORAY INDUSTRIES, INC.)
NE-400 (Ent-ince Corporation) NF99 (Alfa-Laval) --44GEsepa (GE Os monks) Nanofiltration
membrane 1 Nanofiltration membrane 2 Nanotiltration membrane 3

260°C, more preferably 190 to 250°C.  In cases where the temperature is lower than

160°C, distillation of lactide is difficult, and a considerably high degree of vacuum is

required.  On the other hand, in cases where the temperature is higher than 300°C,

racemization and coloration are likely to occur.

5 [0123]

The pressure inside the depolymerization apparatus is not more than the vapor
pressure of lactide at the depolymerization temperature, and usually about 1 to 50
Torr. A lower pressure is preferred since, in this case, the heating temperature may
be low. More particularly, the pressure is preferably 1 to 20 Torr, more preferably

10 1 to 10 Torr, still more preferably 1 to 5 Torr.
(01241

The residence time in the depolymerization apparatus is preferably as short as
possible in view of preventing racemization, and usually not more than | hour. Use
of a molecular still is preferred since, in this case, the time may be not more than 10

15 minutes, preferably not more than 3 minutes, more preferably not more than | minute.
[0125]

The lactide produced by the method for producing lactide can be removed to
the outside of the depolymerization reaction system as a vapor, and collected. The
collection of lactide can be simply carried out using a condenser attached to the

20 depolymerization apparatus.
[0126]
[Polylactic Acid]

The polylactic acid of the present invention includes a homopolymer of L-
lactic acid units or D-lactic acid units; a polylactic acid block copolymer constituted

25 by a segment composed of poly-L-lactic acid units and a segment composed of poly-
D-lactic acid units; and a copolymer with monomers other than lactic acid.  In cases

where the polylactic acid is a copolymer, examples of the monomer units other than



59 [0167[ (Reference Example 5) Evaluation of Permeability of Citric Acid through Nanofiltratic_)n
Membrane To 10 L of ultrapure water, 10 g of citric acid (manufactured by Wako Pure 5Chemical
Industries, Ltd.) was added, and the resulting mixtur&was stirred at 25C for 1 hour., to prepare 1000
ppm aqueous citric acid solution. Subsequently, the permeates from the nanofiltration m_embrane_s_l to
4 were collected under the same conditions as in Reference Example 3. The concentrations of citric

acid containegl in.the raw liquid tank.13 and the permeate 16 were analyzed by high perform_a_nce
10liquid chrorﬁ%%%?gb i ﬁé%éﬁg%%én@ﬁgh%ﬁ& 3%@?5@%%5 C%ﬁ?%@%l . %ﬁﬂ]g conditions,
thereby calculgtiagelhelpereaion el alleic asithand e pRITIRAUAN IRle of qc acidipermeation
rate of magnesium sulfate. [0168] Column: Shim-Pack SPR-II (manufactured by Shirnadzu

Corporation); &b bienptiasesharimiVhpdigdignesifo p@@@ﬁ&f@mg_@p@{@ig}my%m% reaction solution:
5 mM p-toluenesulfonic acid, 20 mM Bis-Tris, 0.1 mM EDTA 2Na (flow rate: 0.8 mL/min.): detection

method: electrieleshaleotvityctenmpdyatupe 145 Ely[01 69Y Foé tesutistaréeab@imrdn Table 2. 20[0170]

[Table 2] Permeation rate of citric acid / permeation rate of magnesium sulfate '
5 icarboxylic acids such as oxalic acid, adipic acid, sebacic acid, azelaic acid,

dodecanedioic acid, malonic acid, glutaric acid, cyclohexanedicarboxylic acid,
terephthalic acid, isophthalic acid, phthalic acid, naphthalenedicarboxylic acid, bis(p-
carboxyphenyl)methane, anthracenedicarboxylic acid, dipheny! ether dicarboxylic
acid, sodium sulfoisophthalic acid and tetrabutyl phosphonium isophthalic acid;

10 hydroxycarboxylic acids such as glycolic acid, hydroxypropionic acid,
hydroxybutyric acid, hydroxyvaleric acid, hydroxycaproic acid and hydroxybenzoic
acid; and lactones such as caprolactone, valerolactone, propiolactone, undecalactone
and 1,5-oxepan-2-one. The amount of copolymerization of the above-described
other copolymerization components is preferably 0 to 30 mol%. more preferably 0 to

15 10 mol% with respect to the total monomer components.

[0127]

The method for producing the pelylactic acid is not restricted, and a
conventional production method for polylactic acid may be used. Particular
examples of the known method include the lactide method constituted by two steps,

20 wherein lactide, which is a cyclic dimer, is first produced using lactic acid as a raw
material, followed by performing ring-opening polymerization; and the direct
polymerization method constituted by a single step, wherein the raw material is
subjected to direct dehydration polycondensation in a solvent. Any of these
methods may be used.

25 [0128]

In the lactide method and the direct polymerization method, the length of

time required for the polymerization can be shortened by using a catalyst for the



OL CC CNI _ Permeation rate of citric acid (%) 17 1 91 _9 Concentration of citric acid in permeate
(PPm) 08 0171 091 _09 _ Concentration

(81

10

15

20

46

polymerization reaction. Examples of the catalyst include metals such as tin, zinc,
lead, titanium, bismuth, zirconium, germanium, antimony and aluminum, and
derivaiives thereof. The derivatives are preferably metal alkoxides, carboxylates,
carbonates, oxides and halides. Particular examples thereof include tin chloride, tin
acetate, tin octylate, zinc chloride, lead oxide, lead carbonate, titanium chloride,
alkoxytitanium, germanium oxide and zirconium oxide. Among these, tin
compounds are preferred, and tin acetate and tin octylate are more preferred.

[0129]

The polymerization reaction may be carried out in the presence of the above
catalyst usually at a temperature of 100 to 200°C, although the temperature varies
depending on the type of the catalyst. Further, in order to remove water produced
by the polymerization reaction, the polymerization reaction is preferably carried out
under reduced pressure, and the pressure is preferably not more than 7 kPa, more
preferably not more than 1.5 kPa.
f0130]

For the polymerization reaction, a compound having two or more hydroxyl
groups or amino groups in the molecule may be used as a polymerization initiator.
Examples of the compound to be used as a polymerization initiator, which has two or
more hydroxyl groups or amino groups in the molecule, include polyols such as
cthylene glycol, propylene glycol, butanediol, hexanediol, octanediol, neopentyl
glycol, diethylene glycol, triethylene glycol, polyethylene glycol, polypropylene
glycol, glycerin, trimethylolpropane, pentaerythritol, dipentaerythriiol,
tripentaerythritol, sorbitol, poly(vinyl alcohol), poly(hydroxyethyl methacrylate) and
poly(hydroxypropyl methacrylate); and polyvalent amines such as ethylenediamine,
propylenediamine, butanediamine, hexanediamine, diethylenetriamine and
melamine; among which polyols are more preferred.

[0131]



of citric acid in raw liquid (PPo) 0001 0001 0001 0001 Filtration pressure ttiMPM 50 5'0 50
50 Membrane material Cross-linked piperazine polyamlde Cross-linked piperazine polyamide
Polyamide Cellulose acetate

The amount of the polymerization initiator to be added is not restricted, and
preferably 0.001 to 5 parts by weight, more preferably 0.01 1o 3 parts by weight with
respect to 100 parts by weight of the raw material used (L-lactic acid, D-lactic acid,

L.L-lactide or D.D-lactide).

o

[0132]

In cases where the polylactic acid is produced by the direct polymerization
method, the lactic acid used as a raw material needs to be highly pure, and the lactic
acid of the present invention can be sufficiently applied to the direct polymerization
method. The solvent used for the direct polymerization method is not restricted as
10 long as it does not adversely affect the polymerization, and may be water or an

organic solvent, Examples of the organic solvent include aromatic hydrocarbons.
Exampies of the aromatic hydrocarbons include toluene, xylene, naphthalene,
chlorobenzene and diphenyl ether. In cases where the polylactic acid is produced
by the direct polymerization methed, by removing water produced by the
15 condensation reaction to the outside of the system, the polymerization can be
promoted. The method of removal to the outside of the system is preferably
polymerization under reduced pressure, and the pressure is preferably not more than
7 kPa, more preferably not more than 1.5 kPa.
[6133]
20 The polylactic acid of the present invention characteristically has a weight
average molecular weight of not less than 120000, a thermal weight loss rate of less
than 6.5% under a nitrogen atmosphere at a constant temperature of 200°C with a
heating time of 20 minutes, and an APHA unit color number of not more than 15.
In cases where the weight average molecular weight of the polylactic acid is not less
25 than 120000, preferably not less than 140000, the polylactic acid has an excellent
mechanical strength; in cases where the thermal weight loss rate is less than 6.5%,

preferably not more than 6.0%, the polylactic acid has an excellent thermal stability;



Trade name (Man u facturer's Name) UTC60 (FORAY INDUSTRIES, INC) NF-400 ( F 1 mtec
Corporation) NE99 (Alfa-Laval) GEsepa (GE Osmonics) Nanofiltration membrane 1 Nanofiltration
membrane 2 Nanofiltration membrane 3 Nanofiltragion _ membrane 4 61 [0171] (Reference
Examples 6 to 12 ) Permeation Test of Lactic Acid Fermentation Culture Medium through
Nanofiltration Membrane From the culture medium (2L) obtained as in Reference Example 2, cells

5were removed by centrifugation,. and.concentrated sulfuric acid (manufactured b
andb 1)1/1 cases ngere AP%A 1S not more t%an 5, prefera 1%/ not more than Ig, the

polylactic acid has an excellent hue; so that the polylactic acid of the present
invention that satisfies these physical properties is suitable for various uses such as
fibers, films and molded articles.

5 EXAMPLES
[0134]

The present invention will now be described in more detail, but the present
invention is not restricted to the Examples below.
[0135]

10 In the present invention, as a microorganism having an ability of L-lactic acid
fermentation, Saccharomyces cerevisige to which an L-lactate dehydrogenase gene
{L-LDH gene) derived from Xenopus laevis having the base sequence shown in SEQ
ID NO:1 was introduced to the chromosome was used.

[G136]

15 (Reference Example 1) Preparation of Yeast Strain Having Ability of L-Lactic Acid
Fermentation

A strain bred from the B3 strain described in JP 2008-029329 A was
used as a yeast strain having an ability of L-lactic acid fermentation. The method of
breeding is described below.

20 [0137]

To the B3 strain, the L-LDH gene shown in SEQ 1D NO:1 was introduced at
the SED1 locus. For the introduction to the SEDT1 locus, PCR was carried out using
pTRS102 described in JP 2008-029329 A as an amplification template, and
oligonucleotides (SEQ ID NOs:2 and 3) as a primer set, to amplify a PCR fragment

25 of 1.3 kb containing the L-LDH gene derived from Xenopus laevis and the TDH3
terminator sequence. Here, SEQ ID NO:2 was designed such that the sequence

corresponding to the sequence of 60 bp in the upstream of the initiation codon of the



Wako Pure Chemical Industries. Ltd.) was then added dropwise to the culture medium to a pH of 1.9
(Reference Example 6), 2.0 (Reference Example 7), 2.2 (Reference Example 8), 2.6 (Reference
Examples 9 to 11) or 4.0 (Reference Example 12), fgdlowed by stirring the resulting mixture for 1 hour
at 25C, thereby converting 10calcium lactate in the culture medium into lactic acid and calcium sulfate.
Subsequently, precipitated calcium sulfate was separated by filtering precipitates using qualitative filter
paper No. 2 ( Lffactured by ADVANTEC) by suction filtration, and 2 L of the filtrate was collected.
[0172] 15Subse ue%?@f pAn g%! g%%h filtrate obtained as described above was injected into _the raw
liquid tank 13 @f the membrane filtration apparatus shown in Fig. 3. As the 90(p nanofiltration
membrane inéicated by the symbol 19 in Fig. 4, each of the nanofiltration membranes 1 to 4 was

placed in a cell mad o eiginless sjomt (SLHIA. Jneach sRse: e RReSSHI B R high-pressure

pump 15 was adjusted to 204 MPa'to collect the permeate 16. The concentrations of the sulfate ions
and the calciummiplas:cendaifigdrinclbetiduy (Rju@ ank(34and theaparpreate k6 wereranalyzed by ion
chromatography (manufactured by Dionex Corporation) under the same conditions as in Reference
Exampte 4, ah@dgheracicbeid torideportioing abcdn By zet by igh perfoenasandediguidneinkematography
(manufactured by Shimadzu 25Cor oratiog% under the same condi}ions as in Reference Example I.
The results arS3SHEHH: F?G}"abléeﬁe.ﬂ[éf%lp Prabiessieeaed clichbiat Soneetitragen Removal - rate (%)

6.056.0S1S gc:rl’l%sponding to the sequence of 60 bp in the downstream of the stop codon of the

SEDT gene was added.
[0139]

10 Each DNA fragment was separated by 1% agarose gel electrophoresis and
purified according to a conventional method. PCR was carried out using a mixture
of the obtained two types of fragments of about 1.3 kb as an amplification template,
and oligonucleotides (SEQ 1D NOs:2 and 5) as a primer set, to amplify a PCR
fragment of about 2.6 kb in which the L-LDH gene derived from Xenopus laevis. the

15 TDH3 terminator and the HIS3 gene are linked together and the sequences
corresponding to the sequences of 60 bp in the upstream/downstream of the SED1
gene were added to the 5’-end and 3°-end, respectively.

[0140]
The above DNA fragment was separated by 1% agarose gel electrophoresis

20 and purified according to a conventional method. The B3 strain was transformed
with the DNA fragment and cultured in a histidine-free medium, to select a
transformant in which the L-LDH gene derived from Xenopus laevis was introduced
to the downstream of the SED1 gene promoter in the chromosome.,

[0141]

25 Confirmation of the fact that the thus obtained transformant is yeast having

the L-LDH gene derived from Xenopus laevis introduced to the downstream of the

SED1 gene promoter in the chromosome was carried out as follows.  The genomic
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DNA of the transformant was prepared using the genomic DNA extraction kit Dr.
GenTLE (manufactured by TAKARA BIO INC.), and PCR was then carried out
using the prepared genomic DNA as an amplification template, and oligonucleotides
(SEQ ID NOs:6 and 7) as a primer set, to confirm whether an amplified DNA
5 fragment of about 2.9 kb was obtained. In the non-transformed strain, an amplified
DNA fragment of about 1.4 kb is obtained by the above PCR.  The transformant
having the L-LDH gene derived from Xenopus laevis introduced to the downstream
of the SED1 gene promoter in the chromosome is hereinafter referred to as the B4
strain,
16 [0142]
Subsequently, the yeast SW015 strain deseribed in JP 2008-48726 A, having
a temperature-sensitive mutation in the pdc3 gene, was mated with the B4 strain
obtained as described above, to obtain diploid cells. The diploid cells were cultured
in an ascus formation medium to allow ascus formation.,  Asci were dissected using
15 a micromanipulator to obtain the respective haploid cells, which were then studied
for auxotrophy. Among the obtained haploid cells, a strain having the L-LDH gene
derived from Xenopus laevis, which is inserted in the PDCI, SEDI and TDH3 loci,
and the temperature-sensitive mutation in the PDCS3 gene (nonviable at 34°C) was
obtained, and the respective mating types MATa and MATa were selected. Among
20 the obtained yeast strains, the one having the mating type of MATa was designated
the SU014-8A strain, and the one having the mating type of MATa was desi gnated
the SUGI4-3B strain .
[0143]
Subsequently, the lysine auxotrophy of the SUO14-8A strain was restored.
25 Using the genomic DNA of BY474] manufactured by Funakoshi Corporation as a
template, and oligonucleotides (SEQ ID NOs:8 and 9) as a primer set, PCR was

carried out to amplify a PCR fragment of about 2 kb corresponding to the first half of
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the .YS2 gene. The above PCR fragment was separated by 1% agarose gel
electrophoresis and purified according to a conventional method.  The SUQ14-8A
strain was transformed with the PCR fragment, to cancel the amber mutation of the
LY5Z gene. By culturing the resultant in a lysine-free medium, a transformant
5 having a restored lysine synthetic capacity was selected.
[0144]
Confirmation of the fact that the thus obtained transformant is yeast in which

the amber mutation of the 1.YS2 gene was canceled was carried out as follows.
First, the obtained transformant was mated with the 20GY77 strain having the wild-

i0 type LYSZ gene, to obtain diploid cells.  The diploid cells were cultured in an ascus
formation medium to allow ascus formation. Asci were dissected using a
micromanipulator to obtain the respective haploid cells, which were then studied for
auxotrophy. It was confirmed that all the obtained haploid cells have the lysine
synthetic capacity. In cases where the lysine synthetic capacity was restored

15 without cancellation of the mutation of LYS2, cells which do not have the lysine
synthetic capacity are obtained among the haploid cells obtained as described above.
The strain obtained by the restoration of the lysine synthetic capacity of the SUQ14-
8A strain is hereinafter referred to as HI001.

[0145]

20 Subsequently, the leucine auxotrophy of the SU014-3B strain was restored.
Using pRS425 as a template, and oligonucleotides (SEQ ID NOs:10 and 11) as a
primer set, PCR was carried out to amplify a PCR fragment of the LEU2 gene of
about 2 kb.  The above PCR fragment was separated by 1% agarose gel
clectrophoresis and purified according to a conventional method. The SU014-3B

25 strain was transformed with the PCR fragment, to cancel the mutation of the LEU2
gene. By culturing the resultant in a leucine-free medium, a transformant having a

restored leucine synthetic capacity was selected.
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[0146]

Confirmation of the fact that the thus obtained transformant is yeast in which
the mutation of the LEU2 gene was canceled was carried out as follows.  First, the
obtained transformant was mated with the 20GY7 strain having the wild-type LEU2
gene, to obtain diploid cells.  The diploid cells were cuitured in an ascus formation
medium to allow ascus formation.  Asci were dissected using a micromanipulator to
obtain the respective haploid cells, which were then studied for auxotrophy. It was
confirmed that all the obtained haploid cells have the leucine synthetic capacity. In
cases where the leucine synthetic capacity was restored without canceliation of the
mutation of the LEU2 gene, cells which do not have the leucine synthetic capacity
are obtained among the haploid cells obtained as described above.  The strain
obtained by the restoration of the leucine synthetic capacity of the SU014-3B strain
1s hereinafter referred to as HI002.

[0147]

Subsequently, the thus obtained HI001 strain and HI002 strain were mated
with each other to obtain a diploid prototrophic strain, which does not have
auxotrophy. The obtained strain is hereinafter referred to as the HIQ03 strain.
[0148]

Lactic acid was confirmed by measuring the amount of lactic acid by HPLC
under the following conditions.

[0149]

Column: Shim-Pack SPR-H (manufactured by Shimadzu Corporation)

Mobile phase: 5 mM p-toluenesulfonic acid (flow rate: .8 mL/min.)

Reaction solution: 5 mM p-toluenesulfonic acid, 20 mM Bis-Tris. 0.1 mM
EDTA 2Na (flow rate: 0.8 mL/min.)

Detection method: electric conductivity

Temperature : 45°C
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[0150]
Measurement of the optical purity of L-lactic acid or D-lactic acid was carried
out by HPLC under the following conditions.
[0151]
5 Column: TSK-gel Enantio L1 {manufactured by Tosch Corporation)
Mobile phase: 1 mM agueous copper sulfate solution
Flow rate: 1.0 m{/min.
Detection method: UV 254 nm
Temperature : 30°C
10 {0152]
The optical purity of lactic acid was calculated by the following equation.
[0153]
Optical purity (%) = 100 = (L-D) or (D-LY{L+D)
(wherein L represents the concentration of L-lactic acid, and D represents the
15 concentration of D-lactic acid).
[0154]
(Reference Example 2) Production of L-Lactic Acid by Batch Fermentation
Using the HI003 strain prepared in Reference Example 1 and a raw material
sugar medium (70 g/L Yutosei {(manufactured by MUSO Co., Ltd.)), a batch
20 fermentation test was carried out.  The medium was autoclaved (121°C, 15 minutes)
before use.  Evaluation of the concentration of lactic acid, which is the product, was
carried out using HPLC shown in Reference Exampie 1, and the glucose
concentration was measured using Glucose Test Wako C {(manufactured by Wako
Pure Chemical Industries, Ltd.). The operating conditions of the batch fermentation
25 apparatus of Reference Example 2 were as shown below:
[0155]

Fermenter capacity (amount of lactic acid fermentation medium), 2 (L); temperature
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adjustment, 32 (°C); ventilation volume for fermenter, 0.1 (L/min.); stirring rate of
fermenter, 200 (rpm): pH adjustment, adjusted to pH 5 with 1 N calcium hydroxide.
[0156]

First, the HIO03 strain was cultured in 5 ml of the raw material sugar medium
in a test tube overnight with shaking (pre-preculture). The pre-precuiture medium
was inoculated to 100 ml of a fresh raw material sugar medium and subjected to
culture in a 500 ml Sakaguchi flask for 24 hours with shaking (preculture).
Temperature adjustment and pH adjustment were carried out, and fermentation
culture was performed.  As a result of the batch fermentation for 50 hours, the
concentration of accumulated lactic acid was 45 to 49 ¢/L., and the optical purity was
99.9% for L-lactic acid.

[0157]
(Reference Example 3) Continuous Fermentation Process

Using the HI003 strain prepared in Reference Example 1, continuous
fermentation of lactic acid was carried out with the culture apparatus shown in Fig. 1.
Removal of the permeate from the membrane separation vessel was carried out using
a Masterflex pump.  As a medium, a raw material sugar medium (70 ¢/L Yutosei
(manufactured by MUSO Co., Ltd.), 1.5 ¢/ ammonium sulfaie) was used. This
raw malterial sugar medium was autoclaved at a temperature of 121°C for 15 minutes
at a high pressure (2 atm) before use.  As a porous membrane element member, a
molded article made of stainless steel and a polysulfone resin was used, and, as a
porous membrane, a hollow fiber membrane prepared by the method described in
Reference Example 13 of WO2007/097260 was used. The operating conditions
were as follows,

[0158]
Capacity of culture reactor: 20 (L)

Volume of culture medium in culture reactor: 15 (L)



Reference Example 5 Reference Example 6 | _ - Reference Example 7 _ Reference Example 8 r_
Reference Example 9 r_ Reference Example 10 Reference Example 11 64 [0174] As shown Table
3, it was revealed that calcium sulfate was removedswith high efficiency at all the pHs. It was further
revealed that the permeation rate of

Porous membrane used: PVDF filtration membrane

Effective filtration area of membrane separation element; 2800 cm”

Temperature adjustment: 32 (°C)

Ventilation volume for culture reactor: air, 1 (L/min.)

5 Stirring rate of culture reactor: 800 (rpm)
pH adjustment: adjusted to pH 5 with 5 N calcium hydroxide
Sterilization: 121°C, 0.2 MPa, 20 min., for all of the culture reactor including

porous membrane element, and medium used

Removal rate of cutture medium: 0.16 m*/m*/d

)
[on

[0159]

Removal of culture medium by a Masterflex pump was started 50 hours after
the initiation of the culture, and the culture was continued until 500 hours after the
initiation of the culture. The results of measurement of the concentration of lactic
acid. which is the product, and the lactic acid production rate are shown in Fig. 2.
15 The lactic acid concentration was measured by the method shown in Reference
Example 1, and the lactic acid production rate was calculated using the Equation 7

below.

[0160]
Lactic acid production rate (g/L/hr)
20 = concentration of lactic acid accumulated in removed liquid (g/L) x
removal rate of fermentation liquid (L/hr) / operational liquid volume of apparatus
(L) -~ (Equation 7)
[0161]
As aresult, the transmembrane pressure difference did not exceed 1 kPa and
25 stable operation was possible, without causing clogging of the membrane. The
average lactic acid production rate during the period from 50 hours to 500 hours after

the initiation of the culture was 6 g/I/h.  Lactic acid obtained from the permeate of



lactic acid and the membrane permeation flux were highest with the nanofiltration 5Smembrane 1.
[0175] (Examples 1 to 5) Production Examples of Lactic Acid To 200 L of the permeate of a
porous membrane, which was obtained in Referencg&sExample 3, concentrated sulfuric acid
(manufactured by Wako Pure SOChemical Industries, Ltd.) was added dropwise to a pH of 1.9
(Example 1), 2.0 (Example 2), 2.2 (Example 3). 2.6 (Example 4) or 4.0 (Example 5), followed by
stirring the resulting mixture for | hgur. at 25C, thereby converting calcium lactate in the culture medium
into lactic acid s AT RS 8@8}:{{?@%‘?&%?% jé’&rcgéféﬁﬁ‘ﬂ LeisititadSeparated by
filtering precipj Si itative 15filtar. ion.filtration,;and 200.L each of the filtrates
was colIectedq.ﬁ[i?jglg\%é glf] m}égu s%%%e&r/}%?& g2E dfi@g?eéﬁ%’%é I t?qé(%té Ié%@%’es 1|EF1C‘t’ﬁea?’;lsgove Examples was

injected into tb@n@ﬁ/{ﬁgwg;tgp%@_@pfﬁbgcrgglmgd@gg;f' ;ﬁqu@@g@@ratus shown in Fig. 3. The 4-inch
nanofiltration module 2 ("UTC60" manufactured by TORAY 20INDUSTRIES, INC.) of the nanofiltration

membrane 1,jWwhiéh showed the highest lactic acid permeation rates in Reference Examples 6 to 12,
was placed in a special vessel, and the operation was carried out by adjusting the pressure of the
high- pressuf&pigrspeetammpa), fydoisen thelsemmelits aobhbhnhe worfss ftrativosgf the sulfuric
acid ions andﬁ%e calcium ions contained in the raw liquid tank 13 and 25 the permeate 16 were
analyzed by i %@mﬁ%%ﬁﬂ?rﬁﬂ%nufactured by Dionex Corporation) under the same conditions as

in Reference Exam ndthe lactic acid copcen ratign was anglyzed b "?%; h ergzct)rmance liquid
chromatography 6%%%%8?&1&5% '13? %fﬁ%ﬁ%agg& {Djolﬁ%)a Ationy ah é}{?et B3 ¥i g‘f}%gf‘ﬁd ons as in

Reference ExamplelASiR tashtlivasteyeaiedbat saicium slifatewas ramgyed with high
efficiency at all the pHs, as in Reference Examples 6 to 12. [0177] 5Thereafter, 100 L each of the

permeates ofsheadanofiitiation menibrape:pas concepiiaied-bydisiitationotwalerusing:a flash
evaporator (manufactured by TOKYO RIKAKIKAI) under reduced pressure (50 hPa). At this time,

deposifion of talsiesmestifaté vas thetrotserden[01%8hi0Thareadtéradistillatiomveadehisied out under

a reduced pressure of 133 Pa at o
the raw liquid tank 13 of the membrane filtration apparatus shown in Fig. 3. As the

90¢ nanoiiltration membrane indicated by the symbol 19 in Fig. 4, a cross-linked
piperazine polyamide nanofiltration membrane “UTC60” (nanofiltration membrane 1,
manufactured by TORAY INDUSTRIES, INC.), a cross-linked piperazine

15 polyamide nanofiltration membrane “NF-400” (nanofiltration membrane 2,
manufactured by Filmtec Corporation), a polyamide nanofiltration membrane
“NF99” {nanofiltration membrane 3, manufactured by Alfa-Laval) or a cellulose
acetate nanofiltration membrane “GEsepa” (nanofiltration membrane 4,
manufactured by GE Osmonics) was placed in a cell made of stainiess steel

20 (SUS316). The raw liquid temperature was adjusted to 25°C, and the pressure of
the high-pressure pump 15 was adjusted to 0.5 MPa, to collect the permeate 16.
The concentrations of magnesium sulfate contained in the raw liquid tank 13 and the
permeate 16 were analyzed by ton chromatography (manufactured by Dionex
Corporation) under the following conditions, thereby calculating the permeation rate

25 of magnesium sulfate.
[0163]

Anion; column (AS4A-SC (manufactured by Dionex Corporation)), eluent



130C. To confirm racemization of the distilled lactic acid, the optical purity was measured before and
after the distillation, by high performance liquid chromatography. The results are shown in Table 4.
[0179] 15The obtained purified lactic acid was useddor the direct polymerization test Example 6 and
the lactide synthesis test in Example 7, and lactic acid before the distillation was used for the direct
polymerization test in Comparative Example 2 and the lactide synthesis test in Comparative Example
3. [0180] 20( rative. Example 1) Prgduction Example of Lactic Acid To 200 L of the
membrane pe %ﬁr%%}a%?c?g?é}h%& aé%(fﬁ é}e%é%@eS%ﬂg OB ERMPRALY SSTIRRRIAA (Pahdfactured
by Vvlako Purﬁ}ﬁ}}a mical Industries, Ltd.) was added dropwise to a pH of 2.0, followed by stirring the
resulting mixture for 1 hour at 25C, thereby converting calcium lactate in the culture medium into lactic
25 acid and calcium suifate cSubseauently, (esipiatadonicivmsuliatewas sepatalsd pyjfiltering
precipitates using qualitative filter paper by suction filtration, and 200 L of the filtrate was collected.
The concentratishnoftbatciuiisilfatsbontaimediindli®s @86. filtrate was analyzed by ion chromatography,
and the concentration was revealed to be 549 mg/L. Thus, it was revealed that calcium sulfate had not
been rémoved’d@fficiently. [0181] 5Thereafter, 100 L of the filtrate was concentrated by distillation of
water using a flash evaporator under reduced pressure (50 hPa), and this caused deposition of
calcium sulfate that%ga ot béaty Fg’ﬁ‘u‘ig{}éﬁ biPlRe above-described quality filter paper. Subsequently,
distillation Waﬁﬁ%gr'ed out under reduced pressure at 133 Pa, at 130C. To confirm racemization of the
distilled lactic acid, the optical purity of lactic acid was measured before and after the distillation, by
high performa[q%lgqqid chromatography under the same conditions as in Reference Example 1. As a
result, decrease in the optical purity was observed. Further, in the distillation residue, partially
oligomerized lactic acid was observed, and the distillation yield decreased to 30%. These results are
shown in Table 4, together with the results of purification S5through the nandiftration membrane. [0182]
[Table 4] Optical purity (%) Distillation yield (%) Before



distillation After distillation Example 1 99.9 99.9 60 Example 2 99.9 99.9 81 Example 3 99.9 99.9 84

Example 4 99.9 99.988 Example 5 99.9 99.9 92
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Comparative Example 1 99.9 94.0 30 [0183] (Example 6) Direct Polymerization Test for Lactic Acid
20In a reaction vessel having a stirrer, 150 g of the lactic acid obtained in Example 2 was heated at
800 Pa at 160C for 3.5 hours, to obtain oligomers. Sigbsequently, 0.12 g of tin (11) acetate
(manufactured by Kanto Chemical Co., Ltd.) 67 and 0.33 g of methanesulfon ¢ acid (manufactured by
Walco Pure Chemical Industries, Ltd.) were added to the oligomers, and the resulting mixture was
heated at SOOB&%r?EalBOC for 7 hours, to obtain a prepolymer. The prepolymer was then crystallized by
heating in an oven-at 120C for 2 hours. The obtained prepolymer was pulverized using a hammer mill,
and made to pase.ibrouglt aaikve) 12 shialn,pUEent odieadaying an ayergge partcle size of 0.1
mm. In the solid phase polymerization step, g of the prépolymler was takert, and fed into an oven
to which an ol reiarv-RumPWwasHEaRnected, thereby performing vacuum heat treatment. The pressure
was set to 50 Pa, and the heating temperature was set to: 140C for 10 10hours; 150C for 10 hours:
and 160C for 20 holifs. IThie abthined:paiviactitiagish wiascathiecies itweightbaveragermelecular weight
analysis with GPC (manufactured by Tosoh Corporation), inciting point analysis with DSC
(manufacture8irstENadssteenridibgy ircajided thdrihalwwalght losstrateranalysishwithSTO
(manufacture b){ ?II NanoTechnology Inc.). [0184] (Weight Average Molecular Weight Analysis of
Polylactic Acig‘)r e G RIGPE I BRROIEEE RIS RIS B ERe pSKRaeticaEN Broduced by the

polymerizatiop is a value of the weight ayerage molecular weight in terms _fégée standard polymethyl
methacrylate easare 1L%))I/nggﬁt-:}f"[?(;f:‘?lméa1 %ho%%g%ngﬁ%%er%%ﬁ%} g’(%?—’ff)ﬁelclj\%‘% rrﬁéea@?ﬂgment was

carried out usipaditlén832HORGUmAnAcIed Dy TaRab CURRrAion A58 GRG SYRiem.And two

TSK-GEL SuperHM-M columns (manufactured by Tosoh Corporation) in series. The detection was
carried out using:a giffdigndakrefrEriometerpdmiesms ohihe sanditionsfar the measdrement, the flow

rate was 0.35 mL/min., hexafluoroisopropanol was used as a solvent, and 250.02 mL of a solution with
a sample condewidationnaftogmghylmeas fapcted bj0385) {dnalysiscoibeltimgiBaint of Poly/lactic Acid)
following conditions, thereby calculating the permeation rate of citric acid and the
permeation rate of citric acid/permeation rate of magnesium sulfate.
[0168]
Column: Shim-Pack SPR-H (manufactured by Shimadzu Corporation);
15 mobile phase: 5 mM p-toluenesulfonic acid (flow rate: 0.8 mL/min.}; reaction
solution: 5 mM p-toluenesulfonic acid, 20 mM Bis-Tris, 0.1 mM EDTA - 2Na (flow
rate: 0.8 mL/min.); detection method: electric conductivity; temperature : 45°C.
[0169]
The results are shown in Table 2.

20 [0170]

[Table 2]



68 The melting point of the polylactic acid produced by the polymerization is a value measured
with the differential scanning calorimeter DSC7020 (manufactured by SI1 NanoTechnology Inc.), and
the measurement was carried out with 10 mg of a S¥ple, under nitrogen atmosphere at a heating
rate of 20C/min. [0186] (Analysis of Thermal Weight Loss Rate of Polylactic Acid) The thermal

eight loss rate gf the polylactic acid
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lactic acid had a 20weight average molecular weight of
Weight loss rate of 5% and degree of coloration of APHA 10.
oct Polymerization of Lactic Acid The lactic acid before

d with a 2 5rotary evaporator to 90% by weight, to obtain
merization was carried out under the same conditions as

the direct polymerization had a weight average



69 molecular weight of 85000, melting point of 160C, thermal weight loss rate of 15% and degree of
coloration of APHA 50. Thus, the quality of the lactic acid was poorer than that of the lactic acid
obtained by Example 6, for all the evaluation items. §@190] 5(Example 7) Test for Synthesis of Lactide
In a reaction vessel having a stirrer, 150 g of the lactic acid obtained in Example 2 was concentrated
by heating under atmospheric pressure at 135C for 30 minutes. Subsequently, under reduced
pressure (458@}2@500 Pa), the liquid temperature was increased in a stepwise marmer to 135C (20
minutes), 150C (20 10minutes) and 160C (20 minutes), to obtain oligomers. Thereafter, 0.75 g of tin

(11) octylate i’ g df%e;g,; ). J% g erse and. imple-distillation was carried out
under reduce(((jlﬁggaéj&lguc}e%?%fg i\técl)fg(%o aS %’ft %g gfor ﬁod rgs&tzsb%]%tf ?giéileélé%ﬁnor&g?ut% avoid
clogging of pipesiiths temperature @itherondsmservas setto 1 1 0C. A lactide fraction was obtained
in an amount of 92.3 g. The yield of 15lactide was 85.4% based on the starting L-lactic acid. [0191]
(Analysis of Chemica@k&uriby ofiltactide)ium Tie ohericabptit-ofthe syrthesized dagtide (ratio of
LL-lactide in the recovered lactide) was analyzed with the gas chromatography GC2010
20(manufactuiEicEy Sty gaCorpErition prasarssiumisdihel Gapilary colmiarRIBOEXM
(manufacture%{% RESTEK) was used, and the measurement conditions were: carrier gas (He) flow

rate, 69.2 mLNARC Vaporizmg cHdnibsriempicitins, bavedicdidrintésm se e feitsoc: detector (FID)
t ture, 230C: and split rati . t Kk i f LL-]actide, -lactid d
DLactide. th DB A bOFG A TARtae VA RS b PGB AAIE of Depres of Coloration
of Lactide) 79Refm'&’i@ez@xgr9{)l@cb%£0ﬁ§ (1@.&@9@1&@@ é&{&ﬁ{g@é@%'??5@{34“.%%ﬁ&-?@?&l@%&%ﬁ\gwed' and

the degree of coloration was analyzed using a colorimeter (manufactured by NIPPON SHOKU
INDUSTRIESICOflldR:] as airARHAeubicalerhimbero[0103)5As sreshitiheLhtaingd lactide had

a chemical purity of 96.2% and degree of coloration of APHA 2. [0194]

10 calcium lactate in the culture medium into factic acid and calcium sulfate.
Subsequently, precipitated calcium sulfate was separated by filtering precipitates
using qualitative filter paper No. 2 (manufactured by ADVANTEC) by suction
filtration, and 2 1. of the filtrate was collected.

[0172]

15 Subsequently, 2 T of each filtrate obtained as described above was injected
into the raw liquid tank 13 of the membrane filtration apparatus shown in Fig. 3.

As the 90¢ nanofiltration membrane indicated by the symbol 19 in Fig. 4, each of the
nanofiltration membranes 1 to 4 was placed in a cell made of stainless steel
(SUS316). In each case, the pressure of the high-pressure pump 15 was adjusted to

20 4 MPa to collect the permeate 16. The concentrations of the sulfate ions and the
calcium ions contained in the raw liquid tank 13 and the permeate 16 were analyzed
by ion chromatography (manufactured by Dionex Corporation) under the same
conditions as in Reference Example 4, and the lactic acid concentration was analyzed
by high performance liquid chromatography (manufactured by Shimadzu

25 Corporation) under the same conditions as in Reference Example 1. The results are

shown in Table 3.

[0173]



(Comparative Example 3) Test for Synthesis of Lactide The lactic acid before the distillation in
Example 2 was concentrated with a 10rotary evaporator to 90% by weight, to obtain 150 g of
concentrated lactic acid. Lactide was synthesized ugsder the same conditions as in Example 7. The
lactide was obtained in an amount of 79.1 g in a yield of 73.2%, and had a chemical purity of 93.1%
and degree of coloration of APHA 12. Thus, both the yield and the quality of the lactic acid were poorer
than those oLft}g I ec%i acid obtained by 15Example 7. [0195] (Example 8) Production of Polylactic
Acid by Polymerization Using Lactide as Raw Material, and Evaluation of Physical Properties of
Polylactic Acid Into a reaction vessel having a stiffer, 50 g of the lactide obtained in Example 207 and
0.05 g of stearyl alcohol were fed, and the atmosphere inside of the system was replaced with
nitrogen, followed by heating the resulting mixture at I90C to dissolve the lactide. Subsequently. 0.025
g of tin (II) octylate was added thereto, and polymerization was carried out at 190C for 2 hours. The
obtained polylactic acid was analyzed for its weight average molecular weight, melting point, thermal
25weight loss rate and degree of coloration by the methods described in Example 6. The weight
average molecular weight was 135000; the melting point was 165C; the thermal weight loss rate was
5.1%; and the degree of coloration was APHA 5. 71 [0196] (Comparative Example 4) Production of
Polylactic Acid by Polymerization Using Lactide as Raw Material, and Evaluation of Physical
Properties of Polylactic Acid Polylactic acid was produced by polymerization of lactide by the same
5procedure as in Example 8 except that 50 g of the lactide obtained in Comparative Example 3 was
used. The obtained polylactic acid had a weight average molecular weight of 109000, melting point of
162C, weight loss rate of 6.3 A) and degree of coloration of APHA 11. Thus, the quality of the
polylactic acid was poorer than that of the polylactic acid obtained by Example 8, for all the evaluation
items. 10[0197]



(Example 9) Analysis of Impurities in Lactic Acid Three liters of filtrate obtained in the same
manner as in Example 3 was filtered through the nanofiltration membrane module SU-610
(manufactured by TORAY INDUSTRIES, INC.) at af8operating pressure of 2.0 MPa, to remove
15impurities. The aqueous lactic acid solution which had peitneated through the nanofiltration

membrane /mpdule was.congentrated using the reyersg,0Smasi membrane nodule SU-810
(manufactqreo@og/TOF&\Y ISDUSTRIES, INE.)| apd further gbricentrated by distillation of water using
a rotary evg po%agé)r manufactured by TOKYO RIKAKIKAI und r reduced pressure (50 hPa), thereby
obtaining 808 §26aqueous lactic acid solution. Subseque tIy, distillation was carried out under a
reduced prebsure of 183 Parat (133G, to, optain 5@0 g of: |d [0198] (Analysis of Impurities in
Lactic Acid; Q@t’@e lactic actd gbt&inedas d*é‘scrit'a‘”ed e water was added to 25prepare 90%
aqueous ladiczagid solution. Impurities cantained were a alyz d by HPLC (high performance liquid
chromatog’%n%y)"nr GC_(gas chromatography)lunder the foIIong conditions. The results of the
anglysis aregshoq\évgsitn Fabled. .72 [0199] (Afalyss of gce tigA¢id, Pyruvic Acid and 2-Hydroxybutyric
Acid by HP l:ét:g El g,olumn: Shim-Pack SPR-H| (manufactured by Shimadzu Corporation); mobile
phase: 5 mM p-tolenesulfoniciacid (flow rate: 0.8 mLimin.); reaction 5solution: 5 mM
p-toluenes J|fJQiC acidi20 inM Bis> Triss0.1 mM ERT/Y.2Na low rate: 0.8 mL/min.); detection method:
electric conduigtivity; t@mpetaturess 45C: [0280] (Analygs of Furfural and HMF by HPLC) Column:
Synergie Hyd rﬁ)@@P manufactured by Phcnomenex. Inc.);imobile 10phase: 5% aqueous acetonitrile
solution (flog fate 1/0 mL{min.); detéction;method: UV (283 nm):; temperature : 40C.
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(Analysis of Methanol and Methyl Lactate by GC Method) Column: DB-5 (0.25 mm x 30 m, _
manufactured by J&W); column temperature: 50C to 250C (8C/min.); inlet temperature: 250C; carrier
gas: 15helium; carrier pressure: 65 kPa. [0201] A% shown in tables, the concentrations of all the
impurities other than acetic acid and pyruvic acid were 0 ppm (below the dete_ction_ limit). [0202] _
20[Table 5] Name of impurityContent in 90% lactic acid Methanol O ppm Acetic acid 200 ppm Pyruvic
acid200 ppm -g%goxybutyric acidf 0 ppm FurfuralO ppm 5-H ydroxymethylfurfural 0 PPm Methyl
lactate O ppmﬁf ] 73

As shown in Table 3, it was revealed that calcium sulfate was removed with
high efficiency at all the pHs. It was further revealed that the permeation rate of
lactic acid and the membrane permeation flux were highest with the nanofiliration

5 membrane 1.
10175]
{Examples | to 5) Production Examples of Lactic Acid

To 200 L of the permeate of a porous membrane, which was obtained in
Reference Example 3, concentrated sulfuric acid (manufactured by Wako Pure

10 Chemical Industries, Ltd.) was added dropwise to a pH of 1.9 (Example 1), 2.0
(Example 2}, 2.2 (Example 3), 2.6 (Example 4) or 4.0 (Example 5), followed by
stirring the resulting mixture for 1 hour at 25°C, thereby converting calcium lactate
in the culture medium into lactic acid and calcium sulfate. Subsequently,
precipitated calcium sulfate was separated by filtering precipitates using qualitative

15 filter paper by suction filtration, and 200 1. each of the filtrates was collected.
[0176]

Subsequently, 200 L of each filirate obtained in the above Examples was
injected into the raw liquid tank 13 of the membrane filtration apparatus shown in
Fig. 3. The 4-inch nanofiltration module 2 (“UTC60” manufactured by TORAY

20 INDUSTRIES, INC.) of the nanofiltration membrane 1, which showed the hi ghest
factic acid permeation rates in Reference Examples 6 to 12, was placed in a special
vessel, and the operation was carried out by adjusting the pressure of the high-
pressure pump 15 to 4 MPa, to collect the permeate at each pH.  The concentrations
of the sulfuric acid ions and the calcium ions contained in the raw liquid tank 13 and

25 the permeate 16 were analyzed by ion chromatography (manufactured by Dionex
Corporation) under the same conditions as in Reference Example 4, and the lactic

acid concentration was analyzed by high performance liquid chromatography



(Example 10) Test for Direct Polymerization of Lactic Acid, and Evaluation of Physical Properties of
Polylactic Acid In a reaction vessel having a stirrer, 150 g of the 90% aqueous lactic acid solution in
Example 9 was heated at 800 Pa at 160C for 3.5 haiirs, to obtain 5oligomers. Subsequently, 0.12 g of
tin (II) acetate (manufactured by Kanto Chemical Co., Ltd.) and 0.33 g of methanesulfonic acid
(manufactured by Wako Pure Chemical Industries, Ltd.) were added to the oligomers, and the

resulting mixture was heated at, 500 Pa at 180C for. 7 hpurs, to obtain a.prepolymer. The prepolymer
was then crys@gﬁﬁ%%%‘yﬁéeegﬁ S Béﬁpﬁrﬁ%‘@ YOrY HBUPE AR MY OB NS BrEB iy er was
pulverized using et lane made i pass INiedniasieyey o, RN R et fpdies having

an average particle size of 0.1 mm. In the soli ase polymerization step, g of t pifepolymer

was taken, angifed ipto.anomenieswhigh m@glg@@ya@m was eonnected, thereby performing
vacuum heat treatment. The pressure was set to 50 Pa, and the heating temperature was set to:

5140C for 10{kadiirg; 150C for 10 hours: and 160C for 20 hours. The weight average molecular weight,
melting point, thermal weight loss rate and degree of coloration of the obtained polylactic acid were
analyzed by the methedsadisciitied wrexahipterstjeass|dolE xanmpiéntipanaysisiot impurities in
Lactic Acid, Test for Direct Polymerization of Lactic Acid, and Evaluation of Physical Properties of

Polylactic AcitPP CTBEIRAIEHHNLE BrOGIRREHE SO e F i 4t A AP 4RRIYSBEH tHe same manner

as in Exampl t of.an aquequs lactic olution was used which.aqueous lactic
%é%?@%kg%?/@gg?ﬁn%r leéﬂjsﬁ%%(’:m/ees%%@ CL}%aéhts.fgzti\{nY%losnt(jn%ﬁ‘ di?RBE}HﬁgS contained in

acid solution was prepare gther mpon

the 90% aquegus;lacticacig soltian: Qftained in Example 9, to the lactic acid obtained in Example 9
such that their concentrations were adjusted to 30 ppm methanol, 100 pprn formic acid, 200 ppm 74

pyruvic acid, {@Fppm 2-hydroxybutyric acid. 3 ppm furfural, 2 ppm 5- hydroxyrnethyllurfural and 100
ppm methyl lactate. [0205] (Example 12) Analysis of Impurities in Lactic Acid, Test for Direct
Polyrhérization 5of | duticaficid destidl EialvatiorroidhysicatiPrepedtiesdofPolytactid Acith at - Polylactic
acid was produced by polymerization and analyzed in the same manner as in Example 10 except that

o3

150 g of an ahtfédus IACtROBREIANSERAIBIAS a5 HiritlhigEsasithdhe apibdanution wass prepared by

adding the respective components, among the impurities contained in the 90% aqueous lactic acid

solution 100b aﬁfﬁselge%%g%ﬁé%% RS ﬁ%@f@@l@%ﬁ&iﬁ%gq (I‘—_r%‘ﬁﬁé’@“é%ch that their

concentratiomﬁ{gtgg%ﬁ;d t?@r@%s@%@ﬁ‘@&h {JHOE)aB?éTszformiC acid. 300 ppm acetic acid, 300
ppm ur

ppm pyruvic acid, 15 2-hydroxybutyric acid, 5 ppm furfurat, 5 ppm 5-hydroxymethylfurfural and
350 ppm metfnyliartate

15 The obtained purified lactic acid was used for the direct polymerization test in
Example 6 and the lactide synthesis test in Example 7, and lactic acid before the
distillation was used for the direct polymerization test in Comparative Example 2 and
the lactide synthesis test in Comparative Example 3.

[0180]
20 (Comparative Example 1) Production Example of Lactic Acid
To 200 L of the membrane permeate obtained as in Reference Example 3,
concentrated sulfuric acid (manufactured by Wako Pure Chemical Industries, Ltd.)
was added dropwise to a pH of 2.0, followed by stirring the resulting mixture for 1
hour at 25°C, thereby converting calcium lactate in the culture medium into lactic

25 acid and calcium sulfate.  Subsequently, precipitated calcium sulfate was separated

by filtering precipitates using qualitative filter paper by suction filtration. and 200 L

of the filtrate was collected. The concentration of calcium sulfate contained in the



[0206] 15(Comparative Example 5) Analysis of Impurities in Lactic Acid and Evaluation of Physical
Properties of Polylactic Acid Polylactic acid was produced by polymerization and analyzed in the
same manner as in Example 10 except that 150 g of@&@n aqueous lactic acid solution was used, which
aqueous lactic acid solution was prepared by adding the respective 20components. among the
impurities contained in the 90%) aqueous lactic acid solution obtained in Example 9, to the lactic acid

obtained in E {nzple 9 suchltha %%ejr co centratiqnsewere adjusted to 100 ppm methanol, 100 ppm
formic acid, 300 Ppm acatit 481, 306 b I RFRAFE Vd,afgdi’éﬁiﬁnﬁ?ﬂffd‘?&’ﬁlﬁﬁﬁﬁ?@%?&@ ppm
furfural. 5 pp methylfur ggl hyl lagtate. 25[0207] (Comparative Example
6) Analysis oﬁiﬁ%ﬁ%ﬁh Egl]cl:}%{: fgclél5 , 'I%ée]‘%;}grg &?&é&%ﬁ%ﬁ%ﬁ%igﬁgﬁ [%ggﬁlé(ﬁgfg,‘%cr{d Evaluation of
Physical Propartiesfpolylactic 75 Acid Polylactic acid was produced by polymerization and
analyzed in the same manner as in Example 10 except that 150 g of an aqueous lactic acid solution
was used, whith&Equeous lactic acid solution was prepared by adding the respective 5components,
among the impurities contained in the 90% aqueous lactic acid solution obtained in Example 9, to the
lactic aeid obtained ihiEstiple! 9&LcH thatltheicoateptrativnsdbredadilistad o 65ppm methanol,
100 ppm formic.acid, 300 ppm acetic acid, 600 ppm pyruvic acid, 150 ppm 2-hydroxybutyric acid, 5

ppm furfural 3B BLRTRCARTEAY HUAR T BIa BB SHH %@W}rﬁféigt@ii%wmfﬁﬁﬁrative
Example 7) Angalysis of | rities in Lactic Acid, Test fgr Direct Polymerization of. Lactic Acid, and
Evaluation of ﬁ‘ﬁ?&%ﬁ”&@p%ﬁfg%% oFPolViactic é@ﬁc?ﬁo@’l%é ic %’&He\ﬁ;ggcﬁi% dugyt f(ﬁ:)fz)elf/merization
and analyzedigfhe samRcAERANENARIR G RMRE ARSI alan, adiepusigotic acid
solution was used, which aqueous lactic acid solution was prepared by adding the respective
components, amoeoYthe impuities eeataingshin dhe Q% aduenus lagtic asidmpitiarigbtained in
Example 9, to the lactic acid obtained in Example 9 such that their concentrations were adjusted to 65
ppm méthanokctepidnyfonmiesacid, [B06rppnd 20acdticdadidaB8060, prhi pynuvitaciccd KO EHM
2-hydroxybutyric acid, 5 ppm furfural, 25 ppm 5-hydroxymethylfurfural and 350 ppm methyl lactate.
[0209] (Coﬁkgai%%%f@%mm%ﬁgjb&rﬁam@t%ﬁm@mm el erenesicrammaatifor SireeeBlymerization

of Lactic Acid,,and Evaluation of Physical Properties of Polylactic
decrease n the optica plyrlty was oBserved. "u;r%iler, {n the distillation residue,

partially oligomerized lactic acid was observed, and the distillation yield decreased

to 30%. These results are shown in Table 4, together with the results of purification

15 through the nanofiltration membrane.
[0182}
[Table 4]
Optical purity (%) Distillation vield
Before After (%)
distitlation distillation

Example 1 99.9 96.9 60
Example 2 999 99.9 81
Example 3 99.9 99.9 84
Example 4 99.9 99.9 88
Example 5 99.9 99.9 92

{ Comparative Example | 99.9 94.0 30
[0183]

(Example 6) Direct Polymerization Test for Lactic Acid
20 In a reaction vessel having a stirrer, 150 g of the lactic acid obtained in
Example 2 was heated at 800 Pa at 160°C for 3.5 hours, to obtain oligomers.

Subsequently, 0.12 g of tin (II) acetate {manufactured by Kanio Chemical Co., Ltd.)



25Acid Po y actic acid was produced by polymerization and analyzed in the same manner as in
Example 10 except that 150 g of an aqueous lactic acid solution was 76 used, which agueous lactic
acid solution was prepared by adding the respectivés€¢omponents, among the impurities contained in
the 90% aqueous lactic acid solution obtained in Example 9, to the lactic acid obtained in Example 9
such that their concentrations were adjusted to 65 ppm methanol, 100 ppm formic acid, 300 ppm

Saceti id, 30 [ id, 150. 2-hyd butyric agid, furfural, 5
< ycrosyme LTSI A OESTCY S ST B ple 0 Analysis of
mpurities in Legfie A, {esh (e Reget Raluerieation akkagtic.Aeid, and falualonglplysical

Properties of Polylactic 10Acid Polylactic acid was produced by polymerization and analyzed in the

same mannersge immaxagpte 19 ereept LI 9 plab aseousiagticRGidsoMteRWAs used, which
aqueous lactic acid solution was prepared by adding the respective components, among the impurities

contained in they 86ivad bedustiagtic acidvsalatibh0tEdbtdirnedin Efamplefndd theplaisticeacid obtained
in Example 9 such that their concentrations were adjusted to 65 ppm methanol, 100 ppm formic acid,
300 ppm acetftadidlveoacs ok AlviE aEamEB0ap g s ol iexy bugwhaciie B peratiaifural 5 ppm
5-hydroxymeth IlqrfLiral_%fgg.GgsO ppm methyl lactate. [0211] 20(Comparative Example 10) Analysis of
Impurities in @é}éﬁ&‘rﬁgf&, SYSP DNSER BENASSHALHBI SiEalit AR, atb BEsrldiBhast Physical
Properties of f id.., lactic acid was produced by po rization and analyzed in the
same mannerg g%?%)%%%e“i% z%y ﬁﬁ}ﬁ lilggogyé}fpgnwgqsl%éeﬁé %g%}géﬁ%}s%qu(ﬁfgﬁ \iﬁas 25used,

which aqueousHAslig:AGK Sl tiomas.RERRTRAAY ALUIND HheFeSRECING COMPANEDIS, among the

impurities contained in the 90% aqueous tactic acid solution obtained in Example 9, to the lactic acid
obtained in Ex&mnplesSusuiohuthat thein I aehteniationsonere-adivsiad de (@ ppmangthamol 750 ppm
2-hydroxybutyric acid and 500 ppm methyl lactate.
10 hours; 150°C for 10 hours; and 160°C for 20 hours. The obtained polylactic acid
was subjected to weight average molecular weight analysis with GPC (manufactured
by Tosoh Corporation), melting point analysis with DSC {manufactured by SII
NanoTechnology Inc.) and thermal weight loss rate analysis with TG (manufactured
by SIE NanoTechnology Inc.).
15 [0184]
(Weight Average Molecular Weight Analysis of Polylactic Acid)
The weight average molecular weight (Mw) of the polylactic acid preduced
by the polymerization is a value of the weight average molecular weight in terms of
the standard polymethyl methacrylate measured by gel permeation chromatography
20 (GPC).  The GPC measurement was carried out using HLC8320GPC (manufactured
by Tosoh Corporation) as a GPC system, and two TSK-GEL SuperHM-M columns
(manufactured by Tosoh Corporation) in series. The detection was carried out
using a differential refractometer. In terms of the conditions for the measurement,
the flow rate was 0.35 mL/min., hexafluoroisopropanol was used as a solvent, and
25 0.02 mL of a solution with a sample concentration of 1 mg/mL was injected.

[0185]

(Analysis of Melting Point of Polylactic Acid)



[0212] (Comparative Example 11) Analysis of Impurities in Lactic Acid, Test for Direct
5Polymerization of Lactic Acid, and Evaluation of Physical Properties of Polylactic Acid Polylactic
acid was produced by polymerization and analyzeddg the same manner as in Example 10 except that
150 g of an aqueous lactic acid solution was used, which aqueous lactic acid solution was prepared by
adding the respective 10components, among the impurities contained in the 90% aqueous lactic acid
solution obtained in(lJ:_ amgie 9. to.the ﬁl‘%}gc cid obtained in Example 9 such that their concentrations
were adjusted to 60 E%fﬂ CREOYTL a&’gﬁﬁcﬁﬁ\ﬂ(}o&&ﬁd{@ﬁ@ P ReiAtavdidge molecular

weights, melti\rflc.g L@q&%gﬁ%@%%gﬁﬁ?ggﬁ?@%&gg g%giregl% g{%(%%ll?@%o(n é@}'@ tOf the polylactic

acids obtained in Examples 10 to 12 and Comparative’Examples are'shown in Table 6. In

Examples 109 £, mehdastisasids havingrexeelisasahysical Rrareries farthavaightaverage

molecular weight, thermal weight loss rate and degree of coloration were obtained. However, in
Comparative Exaphplerbictheétweightaverdge-moleatdanyveighifras@asmall and hence the mechanical
strength was low, and the thermal weight loss rate was high and hence the thermal stability was low; in
Compatrative EXdfiples 6 to 9, the thermal weight loss rate was high and the degree of coloration was
high; and in Comparative Examples 10 and 11, the thermal weight loss rate was high. From these

results, it wasreveRiELhEreiPah & shhensthesnblnts!ae e ivburities in 25lactic acid are not more

than predetermined yalues, polylactic acid having,excellent thermal stability, mechanical strength and
hue can be obtainedf%%@fﬁd%e(ﬁ%?%ﬁéﬂa?%?r}gﬁgl%{lg%‘ﬂ%6?} tpég‘?ﬁﬁ?gyckf?é%%id, and Evaluation of

Physical Propesfigs.ehiacidelneactanyessel navng.asiier 1aag gl lagigacid obrained in

Example 9 was concentrated under heat at 135C under atmospheric pressure for 30 5minutes.

Subsequentlyanahger redused pressuien{da00:t@ 6500 1Rantirdentic ismperaturgwas increased in a
stepwise manner to 135C (20 minutes), 150C (20 minutes) and I60C (20 minutes), to obtain

otigomeérs. Thereaitem®79 g ohtiredl hoowibte)(Nacdlaistesdee)vasddoed tastheghigenners, and
simple distillation was carried out undeg reduced pressure (1000 to 2000 Pa) at 200C for 2 hours, to
distill 10lactid&nHBIIEMRFERIBIE elodiirly br pibealnsd itampleratniawethe condenser was

10187]
(Anatysis of Degree of Coloration of Polylactic Acid)
In 9.5 g of chioroform, 0.5 g of the polylactic acid produced by the
15 polymerization was dissolved, and the degree of coloration was analyzed using a
colorimeter (manufactured by NIPPON DENSHOKU INDUSTRIES CO., LTD.) as
an APHA unit color number,
[0188]
The polylactic acid obtained by direct polymerization of lactic acid had a
20 weight average molecular weight of 155000, melting point of 165°C, thermal weight
loss rate of 5% and degree of coloration of APHA 10.
[0189]
(Comparative Example 2) Test for Direct Polymerization of Lactic Acid
The lactic acid before the distiliation in Example 2 was concentrated with a
25 rotary evaporator to 90% by weight, to obtain 150 g of concentrated lactic acid.
Direct polymerization was carried out under the same conditions as in Example 6.

The polylactic acid obtained by the direct polymerization had a weight average



set to 110C. A lactide fraction was obtained in an amount of 93.3 g. The yield of lactide was 87.2%
based on the starting L-lactic acid. [02151 (Example 14) Analysis of Impurities in Lactic Acid, and
Evaluation of Physical 15Properties of Lactide Legtide was synthesized in the same manner as in
Example 13 except that 150 g of an aqueous lactic acid solution was used, which aqueous lactic acid
solution was prepared by adding the respective components, among the impurities contained in the

90% aqueous lactic acid solutio ined in Example, 9, tg the lactic acid obtained in 20 Example 9
such that theiirngg%%g%ﬁr\gﬁ’éf&% Qfe%%%%jdg?g&]ﬁ)% 5t ﬁ%)eﬁ:la%ﬂ%d‘fﬁiﬁw fepmiatastl 260 ppm

D B B B e e

ppm methyl lacta 216] Xxam halysiso siinLactic #d Evaluation of

Physical 25Piepeitien.althaciine lad R MARRIN SRR NG SAMGDANIRLAS Rmample 13

except that 150 g of an aqueous lactic acid solution was used, which aqueous lactic acid solution was
79 prepared h9i&@dding the respective components, among the impurities contained in the 90%
aqueous lactic acid solution obtained in Example 9, to the lactic acid obtained in Example 9 such that
their concentfatignzivete afusietalissippi mettanocl, 100 pprn formic acid, 300 ppm acetic acid,
300 ppm pyruvic acid, 150 ppm 2- hydroxybutyric acid, 5 ppm furfural, 5 ppm 5-hydroxymethylfurfural
and 350 ppm methylltiSIE RIS TR At Eix dtheof Shenlaatists ranipinatiés in Lactic Acid,
and Evaluatiqbnng P%\}/gical Izg%%er ie%engLalctide 10L%ctid,e was synthesized in the same manner as in

Example 13 except that 150 g of Ah aquenus TR AL LoNIBRTHAL GE8aS hich AqiRotl lactic acid

soltion was pighated By ANGLING (RSRERINE GPRIPRNRNIS BTN INEMRNIEs contained in the

90% aqueous lactic acid solution obtained in Example 9, to't ctic acid obtained in Example 9 such

that their congenjkations weyenagissdedto d89RMmeatbanol 3500 Lappm iaumie apig, 390 ppm acetic
acid, 300 ppm pyruvic acid, 150 ppm 2- hydroxybutyric acid, 5 ppm furfural, 5 pptn

5-hydrBxymethiiifuefuralch@0360 Ppminuetklyittactaten {018} ers.  (GeorapeativeBxampleilp) Analysis
of Impurities in Lactic Acid, and Evaluation of 20Physical Properties of Lactide Lactide was
synthesized iACHESAMacHahheras invExatdpreta thexdigsrasat 280 groplriilietios featic acid solution
was used, which.aqueous lactic, acid solution vi@@%)re ared b addinz}t#be respective components,

among the infBURELESHIETA A tHP B S GLERLL14RHE BelabalitionBhtahuesitorkiaiple 9, to the

lactic acid obfgéﬂgg in1%5(§égm le 9-sueh that their congcentrations were.adjusted to 65 ppm methanol,
100 ppm formic acid. 300 ppm%%‘égt@ 5%?5%’%’6’00582 eByr&%i{S%*BF ?&%‘E)Opfélné 2% Gfﬂ%%%y‘ﬁp yric acid, 5

ppm furfural, &apmipdydroxympethyiurfuratand 8ahPPM an amount of 92.3 g.  The yield of
15 lactide was 85.4% based on the starting L-lactic acid.
[0191]
(Analysis of Chemical Purity of Lactide)
The chemical purity of the synthesized lactide (ratio of LL-lactide in the
recovered lactide) was analyzed with the gas chromatography GC2010
20 (manufactured by Shimadzu Corporation).  As a column, the capillary column RT
BDEXM (manufactured by RESTEK) was used, and the measurement conditions
were: carrier gas (He) flow rate, 69.2 mL/min.; vaporizing chamber temperature,
230°C; column temperature, 150°C; detector (FID) temperature, 230°C; and split
ratio, 50.  From the peak area ratios of LL-lactide, DD-lactide and DL-lactide, the
25 chemical purity of LL-lactide was calculated.

[0192]

(Analysis of Degree of Coloration of Lactide)



80 methyl lactate. [0219] (Comparative Example 14) Analysis of Impurities in Lactic Acid, and
Evaluation of Physical Properties of Lactide SLactide was synthesized in the same manner as in
Example 13 except that 150 g of an aqueous lactic agid solution was used, which aqueous lactic acid
solution was prepared by adding the respective components, among the impurities contained in the
90% aqueous lactic acid solution obtained in Example 9, to the lactic acid obtained in Example 9 such
that their concentra\tfi{ons were adjusted to 65 ppm methanol, 100 10ppm formic acid, 300 ppm acetic

acid, 300 ppm pyruvit'8cid A1SFPhiFRRe- hgdroRpsuResiesd. Iachgaastoparpisehpissoived,

5-hydroxymethylfyrfu nd 35 m methyl lactate. [0220] (Comparative Example 15) Analysis
of Impurities in éaldéééi %é% d, and’ \I/%ﬁ}gt?gﬁsoafia%ﬁﬁygggg ﬁ’ﬁ% éegecgf(ﬁg‘@ﬁ%aum%]%tide was

synthesized invire cams: sy &S fameted 3 6xgepbial 130,993, Adupgus Jaclic acid solution
adding

was used, which aqueous lactic acid solution was prepared by e respective components,
among the imjgugtiés contained in the 90% aqueous lactic acid solution obtained in Example 9, to the
lactic acid obtained in 20Example 9 such that their concentrations were adjusted to 65 ppm methanol,
100 ppin formic acid/:8609spih Hoetivzivid BOOJedmdpychiviaiaaidnt B @prs. 2vhydraxybutyic acid, 25
ppm furfural, 5 ppm_ 5-hydroxymethylfurfural and 350 ppm methyl lactate. [022]] 25(Comparative
Example 16) Nﬁjﬁfﬁg%‘l&ﬁ itiés in Lactic Acid, and Evaluation of Physical Properties of Lactide
Lactide was )6%1 sized in the same manner as in Example 13 except that 150 81 g of an aqueous
lactic acid solution‘was used, which aqueous lactic acid solution was prepared by adding the

respective COmgﬂﬁ%ﬁ’v@'ﬁg91%15%6322%%1‘?58%%&%“egfiﬂ tcela gO% agueous lactic acid solution

obtained in Example 9, to the lactic ained In Example 9 such that their concentrations were

adjusted to 65 ppm methanel «dR0BRREFRIINE REidHINTRRILACEUG acid, 300 RRm ByTYvic acid, 150
ppm 2- hydroxybutyric acid, 5 ppm furfural, 5 ppm 5-hydroxymethylfurfural and 650 ppm methyl
lactatel [0222)tary evaporator to 90% by weight, to obtain 150 g of concentrated lactic acid,
Lactide was synthesized under the same conditions as in Example 7. The lactide
was obtained in an amount of 79.1 g in a yield of 73.2%, and had a chemical purity
of 93.1% and degree of coloration of APHA 12, 'Thus, both the vield and the
quality of the lactic acid were poorer than those of the lactic acid obtained by
15 Example 7.
[0195]
(Example 8) Production of Polylactic Acid by Polymerization Using Lactide as Raw
Material, and Evaluation of Physical Properties of Polylactic Acid
Into a reaction vessel having a stirrer, 50 g of the lactide obtained in Example
20 7 and 0.05 g of steary] alcohol were fed, and the atmosphere inside of the system was
replaced with nitrogen, followed by heating the resulting mixture at 190°C to
dissolve the lactide.  Subsequently, 0.025 g of tin (IT) octylate was added thereto,
and polymerization was carried out at 190°C for 2 hours. The obtained polyiactic
acid was analyzed for its weight average molecular weight, melting pomt, thermal
25 weight loss rate and degree of coloration by the methods described in Example 6.
The weight average molecular weight was 135000; the melting point was 165°C; the

thermal weight loss rate was 5.1%; and the degree of coloration was APHA 5.



(Comparative Example 17) Analysis of Impurities in Lactic Acid, and Evaluation of 10Physical
Properties of Lactide Lactide was synthesized in the same manner as in Example 13 except that
150 g of an aqueous lactic acid solution was used, Which aqueous lactic acid solution was prepared by
adding the respective components, among the impurities contained in the 90% aqueous lactic acid
solution obtained in Example 9, to the lactic acid obtained in 5Example 9 such that their concentrations
were adjusteqé?gg ppm methanol, 750 ppm 2-hydroxybutyric acid and 500 ppm methyl lactate. [0223]
(Comparative'Example 18) Analysis of Impurities in Lactic Acid, and Evaluation of Physical Properties

o Lactide 20Lagfidewasiodugrd ppaimelizatioinihe FRDATE0 A%MEIRMRL 13 except

that 150 g of an aqueous lactic acid solution was use us lactic aci ion was

prepared by gdding-theHesnestiMeaCoOmPORANis; dMANGIRRINPUItesconrteINadRthe90% aqueous
lactic acid solution obtained in Example 9, to the lactic acid obtained in Example 9 such that their
concentrations wereladjirsted 25i0/60 @ppim:at éigatichanch860 @harpyeliviciacidn{©224] The yields
and the degrees of coloration APHA ofactides obtained in 82 Examples 13 to 15 and Comparative
Examples 12 i ¢8iHre ahgvikdnrintescont tmpliesiibadarsdecbitiand iesimsnvaresbtained for the

yield of lactide and the degree of cqloratjon. However, n Comparative Examples 12 to 18, the yield
was less thar?é@?@%?d%%@ﬁﬁpaiﬁ%@qé%ﬁ%@iy%’% i‘%l,dvmar%?ﬁﬁl%é“é‘ﬁ?&?ﬁf?lf%ﬁ%uvic acid,
furfural and the.li tained, the degree of coloration was high. Ergm these results, it was
revealed thatt,l%:lE gts\%lgvﬁvm’?#?aﬁ% Eﬁtns% %fg% ig’p\ﬁ?f E:-% L|Er)1S arcattl%%a%a(]l3 agarr%t iMore than

predetermineghyaikess [Fclide showinggubigh:yigldi and s lops degres Lf solaration.can.he obtained.
[0225] 10(Example 16) Production of Polylact ¢ Acid by Polymerization Using Lacticle as Raw

Material, andtEsadtattio podyIRftysicall Bropeticsydt RetylacicéAcid the dntduatreaatas vessel having a
stirrer, 50 g of the lacticie obtained in Example 13 and 0.05 g of stearyl alcohol were fed, and the
atmosphere ifi$ldé lof the system was replaced with nitrogen, followed by heating the resulting mixture
at 190C to 15dissolve the lactide. Subsequently, 0.025 g of tin (1) octylate was added thereto as a

catalyst, and FoRMBIT AHORANAL CATRRIEHE AT bBetfsShours. The obtained polylactic acid was

analyzed for its welgﬁtugv ‘ég eorf‘r}%lae}g%la% el tlgr{_}l%ltsln paint, %Qegmglgy{ggg&t@lgs‘gagate and degree of
coloration by the methods described in"Example

filtered through the nanofiltration membrane module SU-610 (manufactured by
TORAY INDUSTRIES, INC.) at an operating pressure of 2.0 MPa. to remove
15 impurities.  The aqueous lactic acid solution which had permeated through the
nanofiltration membrane module was concentrated using the reverse osmosis
membrane module SU-810 {manufactured by TORAY INDUSTRIES, INC.), and
further concentrated by distillation of water using a rotary evaporator (manufactured
by TOKYO RIKAKIKAT) under reduced pressure (50 hPa), thereby obtaining 80%
20 aqueous lactic acid solution.  Subsequently, distillation was carried out under a
reduced pressure of 133 Pa at 133°C, to obtain 500 g of lactic acid.
[0198]
(Analysis of Impurities in Lactic Acid)
To the lactic acid obtained as described above, pure water was added to
25 prepare 90% aqueous lactic acid solution. Impurities contained were analyzed by
HPLC (high performance liquid chromatography) or GC (gas chromatography) under

the following conditions.  The results of the analysis are shown in Table 5.



20[0226] (Example 17) Production of Polylactic Acid by Polymerization Using Lactide as Raw Material,
and Evaluation of Physical Properties of Polylactic Acid Polylactic acid was produced by
polymerization of lactide, and analyzed, by the sam&2Xprocedure as in Example 16 except that 50 g of
the lactide obtained in 25Example 14 was used. [0227] (Example 18) Production of Polylactic Acid by
Polymerization Using Lactide as 83 Raw Material, and Evaluation of Physical Properties of Polylactic
Acid Polyf@q%rggcid was produced by polymerization of betide, and analyzed, by the same
procedure as'in'Example 16 except that 50 g of the lactide obtained in Example 15 was used. 5[0228]
(Comparative Rgmale.t A-Bredustional PeiasicAcid fueimerzailan Ysing Lactde as Raw
Material, and Evaluation of Physical Properties of Polylactic Acid Polylactic acid was produced by

polymerization of ladtiglenandanalysed sy the same:RieeeiW e amiRdExaBRieAgcept that 50 g of
the lactide obtained in 10Comparative Example 12 was used. [0229] (Comparative Example 20)

Production ofrPaiyiaptiesAcicity Pelymverizaltionitsing(laetidecad Raw. MateriataationEvaluation of
Physical Properties of Polylactic Acid Polylactic acid was produced by polymerization of lactide, and
analyzéd, by 15t 8ame Prodebires a8 inExdrhROTBN i spt tisat 50nghdithe factide Glstained in
Comparative Example ?,wa?_ ed. ’%0230 (Cﬁ_m arative Example 21) Production of Polylactic Acid
by Polymeriz&tign 't f‘ﬁ%r PHEHHEHE 1R S EO RN G BRI S roperties of Polylactic
Acid 20Polyl ﬁ) id was produced by polymerization of lactide, and analyzed, by the same
procedure asin Example 16 except that 50 g of the lactide obtained in Comparative Example 14 was

used. (Analysis of Furfural and HMF by HPLC)
Column: Synergie HydroRP (manufactured by Phenomenex, Inc.); mobile
10 phase: 5% aqueous acetonitrile solution (flow rate 1.0 mL/min.); detection method:
UV (283 nm); temperature : 40°C.
{Analysis of Methanol and Methyl Lactate by GC Method)
Column: DB-5 (0.25 mm x 30 m, manufactured by J&W); column
temperature: 50°C to 250°C (8°C/min.); inlet temperature: 250°C; carrier gas:
15 helium; carrier pressure: 65 kPa.
[0201]
As shown in table 5, the concentrations of all the impurities other than acetic

acid and pyruvic acid were 0 ppm (below the detection limit).

[0202]
20 [Table 5]
' Name of impurity Content in 90% lactic acid

Methanol 0 ppm

Acetic acid 200 ppm

Pyruvic acid 200 ppm
2-Hydroxybutyric acid 0 ppm

Furfural 0 ppm
S-Hydroxymethylfurfural 0 ppm

Methyl lactate 0 ppm

[0203]



[0231] (Comparative Example 22) Production of Polylactic Acid by Polymerization Using 25Lactide as
Raw Material, and Evaluation of Physical Properties of Polylactic Acid Polylactic acid was
produced by polymerization of lactide, and analyzed;3y the same procedure as in Example 16 except
that 50 g of the lactide obtained in 84 Comparative Example 15 was used. [0232] (Comparative
Example 23) Production of Polylactic Acid by Polymerization Using Lactide as Raw Material, and

Evaluation of sical P rti Polylactic Acid 5Polylacti¢ acid was produced by polymerization of
lactide, and a@%@ﬁe&éﬁ%s&gﬁ{gﬂ ﬁ?%cgi%ﬁﬁfglgg%ﬁ“@ﬂ' ﬁ%ﬁ%‘%%ﬁ?ﬂg@t@ﬁa&%‘? e laetide
obtained in C@wgitgv&%@gg@ﬁ&m%yi%% [0233] (Comparative Example 24) Production of

Polylactic Acid by Polymerization Usihg 10Lactide as Raw Material, and Evaluation of Physical

Properties of PolylagticAidtion ReWaslisacidowas:pragducss: by aplymerization.qf lagtide, and

analyzed, by the same procedure as in Example 16 except that 50 g of the lactide obtained in
Comparative EbtamplenlZxwasiused {02341 15(SonPpanative ExanipiehbyProduetian of Polylactic Acid
by Polymerization Using Lactide as Raw Material, and Evaluation of Physical Properties of Polylactic
Acid ° Polykiétiengit washsesaed Byl palyrhen£8t encotiaondey nthaalyz8dptyy the same
procedure as jn Example 16 except that 50 g of the lactide obtained in Comparative Example 18 was
used. 20[023 eml‘i’%}e%ei Tﬁ%@%‘i&@g@rﬁ& RS RE hisidi g pewirs ek imaiVidight loss rates
and degrees oleration APHA of th lylactic acids obtained in Examples 16 ta 18 and
Comparative x%rr%ggifgfg%f%ees ”s%tg\%r)iév in %(gl%%%.ol}] Qial Oﬂlée 518 §,rﬁ%} détic acids having
excellent physicahpLaperies:araham IOl Avpiags: 35malecliaEIlk: Msrinal weight loss rate and
degree of coloration were obtained. However, in Comparative Examples 19 and 20, the weight
average moleatarl weightwasesroalbturtheryindeompaarative sxamples 2010 Rarthe weight loss rate

s 10 obtained prepolymer was pulverized using a hammer mill, and made to pass through
a sieve, to obtain pulverulent bodies having an average particle size of 0.1 mm. In
the solid phase polymerization step, 150 g of the prepolymer was taken, and fed into
an oven to which an oil rotary pump was connected, thereby performing vacuum heat
treatment.  The pressure was set to 50 Pa. and the heating temperatare was set to:

15 140°C for 10 hours; 150°C for 10 hours; and 160°C for 20 hours. The weight
average molecular weight, melting point, thermal weight loss rate and degree of
coloration of the obtained polylactic acid were analyzed by the methods described in
Example 6.

[6204]

20 (Example 11) Analysis of Impurities in Lactic Acid, Test for Direct Polymerization

of Lactic Acid, and Evaluation of Physical Properties of Polylactic Acid
Polylactic acid was produced by polymerization and analyzed in the same

manner as in Example 10 except that 150 g of an aqueous lactic acid solution was

used. which aqueous lactic acid solution was prepared by adding the respective

25 components, among the impurities contained in the 90% aqueous lactic acid solution

obtained in Example 9, to the lactic acid obtained in Exampie 9 such that their

concentrations were adjusted to 30 ppm methanol, 100 ppm formic acid, 200 ppm



85 high and the degree of coloration was high; and in Comparative Examples 23 to 25, the weight loss
rate was high. [0236] [Table 6] 86 Comparative Example Il 0 O0OE 009 0 0 0000191 1c91 L*9 8
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20
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pyruvic acid, 100 ppm 2-hydroxybutyric acid, 3 ppm furfural, 2 ppm 5-
hydroxymethylfurfural and 100 ppm methyl lactate.
[0205]
(Example 12) Analysis of Impurities in Lactic Acid, Test for Direct Polymerization
of Lactic Acid, and Evaluation of Physical Properties of Polylactic Acid

Polylactic acid was produced by polymerization and analyzed in the same
manner as in Example 10 except that 150 g of an aqueous lactic acid solution was
used, which agueous lactic acid solution was prepared by adding the respective
components, among the impurities contained in the 90% aqueous lactic acid solution
obtained in Example 9, to the lactic acid obiained in Example 9 such that their
concentrations were adjusted to 65 ppm methanol, 100 ppm formic acid, 300 ppm
acetic acid, 300 ppm pyruvic acid, 150 ppm 2-hydroxybutyric acid, 5 ppm furfural, 5
ppm 5-hydroxymethylfurfural and 350 ppm methyl lactate.
[0206]
(Comparative Example 5) Analysis of Impurities in Lactic Acid and Evaluation of
Physical Properties of Polylactic Acid

Polylactic acid was produced by polymerization and analyzed in the same
manner as in Example 10 except that 150 g of an agueous lactic acid solution was
used, which agueous lactic acid solution was prepared by adding the respective
components, among the impurities contained in the 90% agueous lactic acid solution
obtained in Example 9, to the lactic acid obtained in Example 9 such that their
concentrations were adjusted to 100 ppm methanol, 100 ppm formic acid, 300 ppm
acetic acid, 300 ppm pyruvic acid, 150 ppm 2-hydroxybutyric acid, 5 ppm furfural, 5
ppm 5-hydroxymethylfurfural and 350 ppm methyl lactate,
[0207]
{Comparative Example 6) Analysis of Impurities in Lactic Acid. Test for Direct

Polymerization of Lactic Acid, and Evaluation of Physical Properties of Polylactic
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Acid

Polylactic acid was produced by polymerization and analyzed in the same
manner as in Example 10 except that 150 g of an aqueous lactic acid solution was
used, which aqueous lactic acid solution was prepared by adding the respective
components, among the impurities contained in the 90% aqueous lactic acid solution
obtained in Example 9, to the lactic acid obtained in Example 9 such that their
concentrations were adjusted to 65 ppm methanol, 100 ppm formic acid, 300 ppm
acetic acid, 600 ppm pyruvic acid, 150 ppm 2-hydroxybutyric acid, 5 ppm furfural, 5
ppm 5-hydroxymethylfurfural and 350 ppm methyl lactate.
[0208]
(Comparative Example 7) Analysis of Impurities in Lactic Acid, Test for Direct
Polymerization of Lactic Acid, and Evaluation of Physical Properties of Polylactic
Acid

Polylactic acid was produced by polymerization and analyzed in the same
manner as in Example 10 except that 150 g of an aqueous lactic acid solution was
used. which aqueous lactic acid solution was prepared by adding the respective
components, among the impurities contained in the 90% aqueous lactic acid solution
obtained in Example 9, to the lactic acid obtained in Example 9 such that their
concentrations were adjusted to 65 ppm methanol, 100 ppm formic acid, 300 ppm
acetic acid, 300 ppm pyruvic acid, 150 ppm 2-hydroxybutyric acid, 5 ppm furfural,
25 ppm 5-hydroxymethylfurfural and 350 ppm methyl lactate.
[0209]
(Comparative Example 8) Analysis of Impurities in Lactic Acid, Test for Direct
Polymerization of Lactic Acid, and Evaluation of Physical Properties of Polylactic
Acid

Polylactic acid was produced by polymerization and analyzed in the same

manner as in Example 10 except that 150 g of an aqueous lactic acid solution was
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used, which aqueous lactic acid solution was prepared by adding the respective
components, among the impurities contained in the 90% aqueous lactic acid solution
obtained in Example 9, to the lactic acid obtained in Example 9 such that their
concentrations were adjusted to 65 ppm methanol, 100 ppm formic acid, 300 ppm
acetic acid, 300 ppm pyruvic acid, 150 ppm 2-hydroxybutyric acid, 25 ppm furfural,
5 ppm S-hydroxymethylfurfural and 350 ppm methyl lactate.
[0210]
(Comparative Example 9) Analysis of Impurities in Lactic Acid, Test for Direct
Polymerization of Lactic Acid, and Evaluation of Physical Properties of Polylactic
Acid

Polylactic acid was produced by polymerization and analyzed in the same
manner as in Example 10 except that 150 g of an aqueous lactic acid solution was
used, which aqueous lactic acid solution was prepared by adding the respective
components. among the impurities contained in the 90% aqueous lactic acid solution
obtained in Example 9, to the lactic acid obtained in Example 9 such that their
concentrations were adjusted to 65 ppm metbanol, 100 ppm formic acid, 300 ppm
acetic acid, 300 ppm pyruvic acid, 150 ppm 2-hydroxybutyric acid, 5 ppm furfural, 5
ppm 3-hydroxymethylfurfural and 630 ppm methyl! lactate.
[0211]
(Comparative Example 10) Analysis of Impurities in Lactic Acid, Test for Direct
Polymerization of Lactic Acid, and Evaluation of Physical Properties of Polylactic
Acid

Polylactic acid was produced by polymerization and analyzed in the same
manner as in Example 10 except that 150 g of an aqueous lactic acid solution was
used, which aqueous lactic acid solution was prepared by adding the respective
components, among the impurities contained in the 90% aqueous lactic acid solution

obtained in Example 9, to the lactic acid obtained in Example 9 such that their
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concentrations were adjusted to 70 ppm methanol, 750 ppm 2-hydroxybutyric acid
and 500 ppm methyl lactate.
[0212]
(Comparative Example 11) Analysis of Impurities in Lactic Acid, Test for Direct
5 Polymerization of Lactic Acid, and Evaluation of Physical Properties of Polylactic
Acid
Polylactic acid was produced by polymerization and analyzed in the same
manner as in Example 10 except that 150 g of an aqueous lactic acid solution was
used, which aqueous lactic acid solution was prepared by adding the respective
10 components, among the impurities contained in the 90% agueous lactic acid solution
obtained in Example 9, to the lactic acid obtained in Example 9 such that their
concentrations were adjusted to 600 ppm acetic acid and 300 ppm pyruvic acid.
[0213]
The weight average molecular weights, melting points, thermal weight loss
15 rates and degrees of coloration APHA of the polylactic acids obtained in Examples
1010 12 and Comparative Examples 5 to 11 are shown in Table 6.  In Examples 10
to 12, polylactic acids having excellent physical properties for the weight average
molecular weight, thermal weight loss rate and degree of coloration were obtained.
However, in Comparative Example 5, the weight average molecular weight was
20 small and hence the mechanical strength was low, and the thermal weight loss rate
was high and hence the thermal stability was low; in Comparative Examples 6 to 9,
the thermal weight loss rate was high and the degree of coloration was high; and in
Comparative Examples 10 and 11, the thermal weight loss rate was high. From
these results, it was revealed that, in cases where the amounts of the impurities in
25 lactic acid are not more than predetermined values, polylactic acid having excellent
thermal stability, mechanical strength and hue can be obtained.

[0214]
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(Example 13} Analysis of Impurities in Lactic Acid, and Evaluation of Physical
Properties of Lactide

In a reaction vessel having a stirrer, 150 g of the lactic acid obtained in
Exampie @ was concentrated under heat at 135°C under atmospheric pressure for 30
minutes.  Subsequently, under reduced pressure (4500 to 6500 Pa), the liquid
temperature was increased in a stepwise manner to 135°C (20 minutes), 150°C (20
minutes) and 160°C (20 minutes), to obtain oligomers.  Thereafter, 0.75 g of tin (II)
octylate (Nacalai Tesque) was added to the oligomers, and simple distillation was
carried out under reduced pressure (1000 to 2000 Pa) at 200°C for 2 hours, to distill
lactide. In order to avoid clogging of pipes, the temperature of the condenser was
set to 110°C. A lactide fraction was obtained in an amount 0 93.3 ¢.  The vield of
lactide was 87.2% based on the starting L-lactic acid.
[0215]
{(Example 14) Analysis of Impurities in Lactic Acid. and Evaluaiion of Physical
Properties of Lactide

Lactide was synthesized in the same manner as in Example 13 except that 150
g of an aqueous lactic acid solution was used, which aqueous lactic acid solution was
prepared by adding the respective components, among the impurities contained in the
90% aqueous lactic acid solution obtained in Example 9, to the lactic acid obtained in
Example 9 such that their concentrations were adjusted to 30 ppm methanol, 100
ppm formic acid, 200 ppm pyruvic acid, 100 ppm 2-hydroxybutyric acid, 3 ppm
furfural, 2 ppm 5-hydroxymethytfurfural and 100 ppm methyl lactate.
[0216}
(Example 15) Analysis of Impurities in Lactic Acid, and Evaluation of Physical
Properties of Lactide

Lactide was synthesized in the same manner as in Example 13 except that 150

g of an aqueous Jactic acid solution was used, which aqueous lactic acid solution was
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prepared by adding the respective components, among the impurities contained in the
50% aqueous lactic acid solution obtained in Example 9, to the lactic acid obtained in
Example 9 such that their concentrations were adjusted to 65 ppm methanol, 100
ppm formic acid, 300 ppm acetic acid, 300 ppm pyruvic acid, 150 ppm 2-
hydroxybutyric acid, 5 ppm furfural, 5 ppm 3-hydroxymethylfurfural and 350 ppm
methyl lactate.
[0217]
{Comparative Example 12} Analysis of impurities in Lactic Acid, and Fvaluation of
Physical Properties of Lactide

Lactide was synthesized in the same manner as in Example 13 except that 150
g of an aqueous lactic acid solution was used, which aqueous lactic acid solution was
prepared by adding the respective components, among the impurities contained in the
90% aqueous lactic acid solution obtained in Example 9, to the lactic acid obtained in
Example 9 such that their concentrations were adjusted fo 100 ppm methanol, 100
ppm formic acid. 300 ppm acetic acid. 300 ppm pyruvic acid, 150 ppm 2-
hydroxybutyric acid, 5 ppm furfural, 5 ppm 5-hydroxymethylfurfural and 350 ppm
methyl lactate.
[0218]
(Comparative Example 13) Analysis of Impurities in Lactic Acid, and Evaluation of
Physical Properties of Lactide

Lactide was synthesized in the same manner as in Example 13 except that 150
g of an aqueous lactic acid solution was used, which agueous lactic acid solution was
prepared by adding the respective components, among the impurities contained in the
90% aqueous lactic acid solution obtained in Example 9, to the lactic acid obtained in
Example 9 such that their concentrations were adjusted to 65 ppm methanol, 100
ppm formic acid, 300 ppm acetic acid, 600 ppm pyruvic acid, 150 ppm 2-

hydroxybutyric acid, 5 ppm furfural, 5 ppm S-hydroxymethylfurfural and 350 ppm
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methyl lactate.
[0219]
(Comparative Example 14) Analysis of Impurities in Lactic Acid, and Evaluation of
Physical Properties of Lactide

Lactide was synthesized in the same manner as in Example 13 except that 150
g of an aqueous lactic acid solution was used, which aqueous lactic acid solution was
prepared by adding the respective components, among the impurities contained in the
90% aqueous lactic acid solution obtained in Example 9, to the lactic acid obtained in
Example 9 such that their concentrations were adjusted to 65 ppm methanol, 100
ppm formic acid, 300 ppm acetic acid, 300 ppm pyruvic acid, 150 ppm 2-
hydroxybutyric acid, 5 ppm furfural, 25 ppm 5-hydroxymethylfurfural and 350 ppm
methyl lactate.
[0220]
(Comparative Example 15) Analysis of Impurities in Lactic Acid, and Evaluation of
Physical Properties of Lactide

Lactide was synthesized in the same manner as in Example 13 except that 150
¢ of'an agueous lactic acid solution was used, which agqueous lactic acid solution was
prepared by adding the respective components, among the impurities contained in the
90% aqueous lactic acid solution obtained in Example 9. to the lactic acid obtained in
Example 9 such that their concentrations were adjusted to 65 ppm methanol, 100
ppm formic acid, 300 ppm acetic acid, 300 ppm pyruvic acid, 150 ppm 2-
hydroxybutyric acid, 25 ppm furfural, 5 ppm S-hydroxymethylfurfural and 350 ppm
methyl lactate.
[0221]
(Comparative Example 16) Analysis of Impurities in Lactic Acid, and Evaluation of
Physical Properties of Lactide

Lactide was synthesized in the same manner as in Example 13 except that 150
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g of an agueous lactic acid solution was used, which aqueous lactic acid solution was
prepared by adding the respective components, among the impurities contained in the
90% agueous lactic acid solution obtained in Example 9, to the lactic acid obtained in
Example 9 such that their concentrations were adjusted to 65 ppm methanol, 100
5 ppm formic acid, 300 ppm acetic acid, 300 ppm pyravic acid, 150 ppm 2-
hydroxybutyric acid, 5 ppm furfural, 5 ppm S-hydroxymethylfurfural and 650 ppm
methyl lactate.
[0222}
(Comparative Example 17) Analysis of Impurities in Lactic Acid, and Evaluation of
10 Physical Properties of Lactide
Lactide was synthesized in the same manner as in Example 13 except that 150
g of an aqueous lactic acid solution was used, which aqueous lactic acid solution was
prepared by adding the respective components, among the impurities contained in the
90% aqueous lactic acid solution obtained in Example 9, to the lactic acid obtained in
15 Example 9 such that their concentrations were adjusted to 70 ppm methanol, 750
ppm 2-hydroxybutyric acid and 500 ppm methy] lactate.
(0223
(Comparative Example 18) Analysis of Impurities in Lactic Acid, and Evaluation of
Physical Properties of Lactide
20 Lactide was produced by polymerization in the same manner as in Example
13 except that 150 g of an aqueous lactic acid solution was used, which aqueous
lactic acid solution was prepared by adding the respective components, among the
impurities contained in the 90% aqueous lactic acid solution obtained in Example 9,
to the lactic acid obtained in Example 9 such that their concentrations were adjusted
25 to 600 ppm acetic acid and 300 ppm pyruvic acid.
[0224]

The yields and the degrees of coloration APHA of the lactides obtained in



cc 01 171 aidaroxA L. 1 aldiul3VA 133000 h91 it 01 afcluinx21 00Z 00Z 0 0 0 175000 L91 64'

82

Examples 13 to 15 and Comparative Examples 12 to 18 are shown in Table 6. In
Examples 13 to 15, excellent results were obtained for the yield of lactide and the
degree of coloration. However, in Comparative Examples 12 to 18, the yield was
less than 80%; and in Comparative Examples 13 to 15, wherein large amounts of
5 pyruvic acid, furfural and the like were contained, the degree of coloration was high.
From these results, it was revealed that, in cases where the amounts of the impurities
in lactic acid are not more than predetermined values, lactide showing a high vield
and a low degree of coloration can be obtained.
[0225]
190 (Example 16) Production of Polylactic Acid by Polymerization Using Lactide as
Raw Material, and Evaluation of Physical Properties of Polylactic Acid
Into a reaction vessel having a stirrer, 50 g of the lactide obtained in Example
13 and 0.05 g of stearyl alcohol were fed, and the atmosphere inside of the system
was replaced with nitrogen, followed by heating the resulting mixture at 190°C to
15 dissolve the lactide. Subsequently, 0.025 g of tin (II) octylate was added thereto as
a catalyst, and polymerization was carried out at 190°C for 2 hours. The obtained
polylactic acid was analyzed for its weight average molecular weight, melting point,
thermal weight loss rate and degree of coloration by the methods described in
Example 6.
20 [0226]
(Example 17) Production of Polylactic Acid by Polymerization Using Lactide as
Raw Material, and Evaluation of Physical Properties of Polylactic Acid
Polylactic acid was produced by polymerization of lactide, and analyzed, by
the same procedure as in Example 16 except that 50 g of the lactide obtained in
25 Example 14 was used.
(0227]

(Example 18) Production of Polylactic Acid by Polymerization Using Lactide as
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Raw Mater:al, and Evaluation of Physical Properties of Polylactic Acid
Polylactic acid was produced by polymerization of lactide, and analyzed. by
the same procedure as in Example 16 except that 50 g of the lactide obtained in
Example 15 was used.
[0228]
(Comparative Example 19) Production of Polylactic Acid by Polymerization Using
Lactide as Raw Material, and Evaluation of Physical Properties of Polylactic Acid
Polylactic acid was produced by polymerization of lactide, and analyzed, by
the same procedure as in Example 16 except that 50 g of the lactide obtained in
Comparative Example 12 was used.
10229}
(Comparative Example 20) Production of Polylactic Acid by Polymerization Using
Lactide as Raw Material, and Evaluation of Physical Properties of Polylactic Acid
Polylactic acid was produced by polymerization of lactide, and analyzed, by
the same procedure as in Example 16 except that 50 g of the lactide obtained in
Comparative Example 13 was used.
[0230]
{Comparative Example 21) Production of Polylactic Acid by Polymerization Using
Lactide as Raw Material, and Evaluation of Physical Properties of Polylactic Acid
Polylactic acid was produced by polymerization of lactide, and analyzed, by
the same procedure as in Example 16 except that 50 g of the lactide obtained in
Comparative Example 14 was used.
f0231]
(Comparative Example 22) Production of Polylactic Acid by Polymerization Using
Lactide as Raw Material, and Evaluation of Physical Properties of Polylactic Acid
Polylactic acid was produced by polymerization of lactide, and analyzed, by

the same procedure as in Example 16 except that 50 g of the lactide obtained in
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Comparative Example 15 was used.

[0232]

(Comparative Example 23) Production of Polylactic Acid by Polymerization Using
Lactide as Raw Material, and Evaluation of Physical Properties of Polviactic Acid

Polylactic acid was produced by polymerization of lactide, and analyzed, by
the same procedure as in Example 16 except that 50 g of the lactide obtained in
Comparative Example 16 was used.

[0233
(Comparative Example 24) Production of Polylactic Acid by Polymerization Using
Lactide as Raw Material, and Evaluation of Physical Properties of Polylactic Acid

Polylactic acid was produced by polymerization of lactide, and analyzed, by
the same procedure as in Example 16 except that 50 g of the lactide obtained in
Comparative Example 17 was used.

[0234]
(Comparative Example 25) Production of Polylactic Acid by Polymerization Using
Lactide as Raw Material, and Evaluation of Physical Properties of Polylactic Acid

Polylactic acid was produced by polymerization of lactide, and analvzed, by
the same procedure as in Example 16 except that 50 g of the lactide obtained in
Comparative Example 18 was used.

[0235]

The weight average molecular weights, melting points, thermal weight loss
rates and degrees of coloration APHA of the polylactic acids obtained in Examples
16 to 18 and Comparative Examples 19 to 25 are shown in Table 6.  In Examples
16 to 18, polylactic acids having excellent physical properties for the weight average
molecular weight, thermal weight loss rate and degree of coloration were obtained.
However, in Comparative Examples 19 and 20, the weight average molecular weight

was small.  Further, in Comparative Examples 20 to 22, the weight loss rate was

Evaluation



5material for polylactic acid, which is a biodegradable general-purpose plastic. Further, polylactic acid
obtained by using the lactic acid as a raw material has excellent thermal stability, mechanical strength
and hue, so that the polylactic acid is suitable for vagi®us uses such as fibers, films and molded
articles. DESCRIPTION OF SYMBOLS 10[0238] 1. Fermentation reactor 2. Membrane separation
vessel 3. Separation membrane element Gas supplying apparatus 155.Stirrer 6. Hydraulic head

difference contrgllin ratus 7. Culture medium supplying pump 8. pH adjustment solution
supplying pur%M qé.m%?ggr;gseglrféeo?ﬁF&Tﬁ{ﬁt%’p‘gﬁm@%%.igé BRERON G s Rl it pump Level
sensor 12. Teigg)%@g%q&gr}gtgll‘%;}?ﬁ aw liquid tank 14. Cell equipped with nanotiltration membrane

or reverse osmosis membrane 2515.High-pressure pump 16. Flow of membrane permeate 17. Flow of
membrane cqipegpirate 88 18. Flow of culture medium sent by high-pressure pump

{Table 6]



19. Nanofiltration membrane 20. Supporting plate 89 CLAIMS 1.A method for producing lactic acid,

said method comprising the Steps (A) to (C) below: 5(A) a step of continuous fermentation wherein a
fermentation culture medium of a microorganism h&ving an ability of lactic acid fermentation is filtered
through a porous membrane having an average pore size of not less than 0.01 m and less than 1 um

. r é . 0 0 T y )] .
with a transmemprane pressucedifferens WIIEI%'[;Q range ef 0.1/ 20 kPa, and the permeate is
collected, while retdining the nog-permeated ligaid in or| ZGieturning the non-permeated liquid to the

jm8 s . & i . . .
culture meckugn, and adding a fefmentation fee: §‘to ck to %hm Tulturemediym; (B) a step of filtering
the permeateiobtained|in Step (A) through a na diltration ﬁnﬁmbrane' and (C) a step of distilling
the permeate ¢ blainad i §te% B) Under.a.pressure of ] angless Namn._1 Pa and not more than

e = O > [y = ; . .
atmospherig gressure; at not less tharr23C argl ot more %éﬂ 200@Cto recover lactic acid. The
method for @rgildL cing lactic aci¢-accarding to|@am |1, whegein the pH|of the permeate obtained in said
Step (A) is;8djusted to hot less than 2 and notdmeore thay 4:5, follawed by providing the permeate for
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at an operation pressure of 0.5 MPa, raw liquid temperature of 25C and concentration in the raw liquid
of 1000 ppm. 5. The method for producing lactic acid according to any one of claims 1 to 4, wherein
the permeation rate of magnesium sulfate through sgid nanofiltration 5Smembrane is not more than
1.5% at an operation pressure of 0.5 MPa, raw liquid temperature of 25C and concentration in the raw
liquid of 2000 ppm. 6. The method for producing tactic acid according to any one of claims 1 to 5,
wherein the [ teri ' filtration membrane comprises a polyamide. 107.The
method for p?}(ﬁ?gk?g%%% %‘é%gfci%%@cg claim 6, wherein said polyamide comprises a
cross-finked q@g@]zine polyamide as a major component and further comprises a constituting
component represented by Chemical Formula 1: [Chemical Formula 1] 'CH2N- 5Chemical Formula 1
(wherein R representsicHuefic G4il% el 8PS RIS AN INIBGSH QLA R R SoA mze{a@é?&'ufc%g“’ducmg
lactide, wherein lactic acid obtained by the method for producing lactic acid according to any one of
claims 1 to 7 isusedt aiscarr&w smatbhals20 oA methad forpradueing a pelyiactieacidi.avherein lactide
obtained by the method for producing lactide according to claim 8 is polymerized. 10.A method for
producihg a pORfEHICRe Wikie e idctidisbids obhiideat dsia the gt fopprodiasiing lactic acid
according to ne of cl;ims 1 to 7 is polymerized by direct dehydration polycondensation. 2
511.Lactic ac%c%\t/%ec}sg‘gﬁ RN LORTAON COMEIHS Mt 46 4 EohEaHeandirso1 of not more
than 70 ppm, Qyravi I a.concentration of not mare than 500 ppm, furfural at a concentration of
not more thancgi(iéSéfg%%ﬁ%?@%rsoti%%%ah%ﬁﬁgﬁlr{aﬁa}itg A ﬁﬁcgrﬁ%rq&%hsgﬁ%tt%&? YA BSHR, methyl

lactate at a cQuASAIEAtENR{RRLAArE AR GAL-PAMACEHGASIALA; cRRcentration of not more than
500 ppm and 2- hydroxybutyric acid at a concentration of not more than 500 ppm. 12. The lactic acid

according to G&EFTCRIPhavKgasopticahparity of not less than 90%. 13. Lactide obtained by using the
lactic acid according to claim 11 or 12 as a raw material.

10 [0238]
1, Fermentation reactor
2, Membrane separation vessel

Separation membrane element

a2

4. Gas supplving apparatus
15 5. Stirrer
6. Hydraulic head difference controlling apparatus
7. Culture medium supplying pump
8. pH adjustment solution supplying pump
9. pH sensor/controlling apparatus
20 10.  Fermentation liquid circulating pump
11. Level sensor
12, Temperature controller

13, Raw liquid tank

14. Cell equipped with nanofiltration membrane or reverse osmosis membrane
25 15.  High-pressure pump

I6. Flow of membrane permeate

17, Flow of membrane concentrate



1014.A polylactic acid obtained by using the lactic acid according to claim 11 or 12 or the lactide
according to claim 13 as a raw material. 15.A polylactic acid obtained by direct dehydration
polycondensation using the lactic acid according to aim 11 or 12 as a raw material.
09088sequence listing.txt SEQUENCE LISTING <110> bray Industries, Inc. <120> Manufacturing
process for lactatic acid and poly lactatic acid <130> 09088 <160> 11 <170> Patentln version 3.1
<210> 1 <211p8 999 K2¥2&{ iNAurs 343 e REPUSARMIS,TAQAR }@tggcaactg tgaaggataa actcatccac
aatgtggtca aggaggagtc gctcccccag60 aacaaggtca ccattgtggg tgtgggggcec gtgggceatgg cctgtgecat
cagtgtcctg120 agaddggatti tggtagatgmigettgeactt gttgatgtga tagaagacaa actgaagggg180 gaaatgatgg
atctccagca tggcagtctg ttccttcgta cccccaagat tgtctcaggg240 aaagattaca gegtcactge aaactccaag
ctggtagttg tgatggcc @g&%@@é@goo caggagggag agagtcgcct gaatctggtt cagcgcaatg tcaacatctt
caaattcatc360 attcccaaca ttgtcaagta cagccccaac tgcaccctgc tcatcgtctc caacccagtg420 gacattctga
catatgtggc ctggaagatc agtggattcc ccaaaaaccg tgtcattggc480



agcggctgca atttggactc tgcccgtttc cgttacctca tggggcagaa gtttgggatc540 cacacccaga gctgccacgg
ttgggtcatt ggggaacacg gagactcgag tgtgccagtg600 tggagtgggg tgaatgtggce tggcgtgtcc ctgaaaaccce
tgcaccccga tattgggagt660 gacgcagaca aggagaactg &aaggaggtg cacaagcagg ttgtggacag
cgcctatgaa720 gtgatcaagc tgaagggcta cacctcctgg gctattggcc tgtccgtagce rgacctgtct780 gagagtatcc
tgaagaacct ccgccgagtc catcccattt ccacaatggt caagggcatg840 tacggcgtga ataatgatat tttcctcagt
atcccctgtg tgttgagcaa cttgggcatc900 acagacgtggctﬁraﬂ%%gac gctgaaggca gatgaagagg atcgcttacg
caagagcgca960 gacaccctgt gggccatcca gaaggagctg cagttctag999 <210> 2 <211> 85 <212> DNA
<213> Artificial <220> <223> primer <400> 2 tattgattta tagtcgtaac tacaaagaca agcaaaataa aatacgttcg
ctctattaag60 atggcaactg tgaaggataa actca85 <210> 3 <211> 2009088sequence listing.txt <212> DNA

<213> Artificial A method for producing lactic acid, said method comprising the Steps (A) to
(C) below:
5 (A) a step of continuous fermentation wherein a fermentation culture medium

of a microorganism having an ability of lactic acid fermentation is filtered through a
porous membrane having an average pore size of not less than 0.01 pm and less than
I um with a transmembrane pressure difference within the range of 0.1 to 20 kPa,
and the permeate is collected, while retaining the non-permeated liquid in or

10 returning the non-permeated liquid to the culture medium, and adding a fermentation
feedstock to the culture medium;

(B) a step of filtering the permeate obtained in Step (A) through a
nanofiltration membrane; and
(C) a step of distilling the permeate obtained in Step (B} under a pressure of

15 not less than 1 Pa and not more than atmospheric pressure, at not less than 25°C and
not more than 200°C to recover lactic acid.

2. The method for producing lactic acid according to claim I, wherein the pH of
the permeate obtained in said Step (A) is adjusted to not less than 2 and not more
than 4.5, followed by providing the permeate for said Step (B).

20 3. The method for producing lactic acid according to ¢laim 1 or 2. wherein said
Step (A) is a step of continuous fermentation in the presence of a calcium salt, and a
solution containing lactic acid obtained after Step (D), in which the calcium
component in the permeate obtained in the Step (A) is removed as an insoluble
sulfate, is provided for said Step (B).

25 4. The method for producing lactic acid according to any one of claims 1 to 3,
wherein the ratio of the permeation rate of magnesium sulfate relative to the

permeation rate of citric acid through said nanofiltration membrane is not less than 3



<220> <223> primer <400> 3 aggcgtatca cgaggccctt20 <210> 4 <211> 60 <212> DNA <213> Atrtificial
<220> <223> primer <400> 4 gaattaattc ttgaagacga aagggcctcg tgatacgcct agattgtact gagagtgcac60
<210> 5 <211> 80 <212> DNA <213> Atrtificial <2208 <223> primer <400> 5 aaaaaataac ataatactga
aagaaagcat taagaaggcg gatgtgtcaa acaccaccgt60 ctgtgcggta tttcacaccg80 <210> 6 <211> 20

10

20

at an operation pressure of 0.5 MPa, raw liquid temperature of 25°C and
concentration in the raw liquid of 1000 ppm.

5. The method for producing lactic acid according to any one of claims I to 4,
wherein the permeation rate of magnesium sulfate through said nanofiliration
membrane is not more than 1.5% at an operation pressure of 0.5 MPa, raw liguid
temperature of 25°C and concentration in the raw liguid of 1000 ppm.

6. The method for producing lactic acid according to any one of claims 1 (o 5,
wherein the membrane material of said nanofiltration membrane comprises a
polyamide.

7. The method for producing lactic acid according to claim 6, wherein said
polyamide comprises a cross-linked piperazine polyamide as a major component and
further comprises a constituting component represented by Chemical Formuia 1:

[Chemical Formula 1]

SN
N ,“:‘—%GHZT\V, N—
\ZMJ.T*;#“ % r‘ﬁi“—im’f

R

Chemical Formula 1
(wherein R represents -H or -CHj; and n represents an integer of 0 to 3).
8. A method for producing lactide, wherein lactic acid obtained by the method
for producing lactic acid according to any one of claims 1 to 7 is used as a raw
material.
9. A method for producing a polylactic acid, wherein lactide obtained by the
method for producing lactide according to claim 8 is polymerized.
10. A method for producing a polylactic acid, wherein lactic acid obtained by the
method for producing lactic acid according to any one of claims 1 to 7 is
polymerized by direct dehydration polycondensation.

11.  Lactic acid whose 90% aqueous solution contains methanol at a concentration



<212> DNA <213> Artificial <220> <223> primer <400> 6 tagattggcc gtaggggctg20 <210> 7 <211> 20
<212> DNA <213> Artificial <220> <223> primer <400> 7 cacgcaacgc gtaagaaaca20 <210> 8 <211>
24 <212> DNA <213> Artificial <220> <223> prime#109088sequence listing. txt <400> 8

10

of not more than 70 ppm, pyruvic acid at a concentration of not more than 500 ppm,
furfural at a concentration of not more than 15 ppm, 3-hydroxymethylfurfural at a
concentration of not more than 15 ppm, methyl lactate at a concentration of not more
than 600 ppm, acetic acid at a concentration of not more than 500 ppm and 2-

hydroxybutyric acid at a concentration of not more than 500 ppi.

12, The lactic acid according to claim 11, having an optical purity of not less than
50%.

13, Lacfide obtained by using the lactic acid according to claim 11 or 12 as a raw
material.

14. A polylactic acid obtained by using the lactic acid according to claim 11 or 12

or the lactide according to claim 13 as a raw material.
15, A polylactic acid obtained by direct dehydration polycondensation using the

lactic acid according to claim 11 or 12 as a raw material.



gacaattctg gttaggtcca agag24 <210> 9 <211> 24 <212> DNA <213> Atrtificial <220> <223> primer
<400> 9 ttaagctgct gcggagcttc cacg24 <210> 10 <211> 22 <212> DNA <213> Atrtificial <220> <223>
primer <400> 10 atgtctgccc ctaagaagat cg22 <210> 11 <211> 24 <212> DNA <213> Artificial <220>
<223> primer <400> 11 ttaagcaagg attttcttaa cttc24

09088seguence Tisting.txt
SEQUENCE LISTING

<110> Toray Industries, Inc.

<120> Manufacturing process for lactatic acid and poly lactatic acid
<130> (9088

<160> 11

<170> Patentin version 3.1

<210> 1

<21il> 9989

<212> DNA

<213> Xenopus laevis

<400> 1

atggcaactg tgaaggataa actcatccac aatgtggtca aggaggagtc getoccccag 60
aacaaggtca ccattgtggg tgtgguggec gtgggeatgy ccigtgocat cagtgtocty 120
cagaaggatt tggcagatga gcttgcactt gitgatgtga tagaagacaa actgaagggg 180
gaaatgatgg atctccagea tggcagtctyg ttccttcgta cccccaagat tgtctcaggg 240
aaagattaca gcgtcactge aaactccaag ctggtagttg tgacggocgg ggocogicag 300
caggagggag agagtcgoct gaatctggtt cagegcaatg tcaacatctt caaattcatc 360
attcccaaca ttgtcaagta cagecccaac tgcaccctgo tcatcgtctce caacccagtg 420
gacattctga catatgtggc ctggaagate agtggattcc ccaaaaaccyg tgtcattgge 480
agcggetgea atttggactc tgccogtttc cghttacetca tggggoagaa gtttgggato 540
cacacccaga gctgccacgg ttgggitcatt ggggaacacyg gagactcgag tgtgocagtyg 600
1ggagtggyg tgaatgtggce tggcgtgtec ctgaaaacce tgcaccocga tattgggagt 660
gacgcagaca aggagaacty gaaggaggtg cacaagcagg ttgtggacag cgcctatgaa 720
gtgatcaagc tgaagggeta cacctcctgg getattggec tgitccgtage tgacctgtct 780
gagagtatcc tgaagaacct ccgocgagto catcccatit ccacaatggt caagggcatg 840
tacggcgtga ataatgatygt tttcctcagt gtcccoctgtg tgttgggcaa cttgggeatc 800
acagacgtgg ttaacatgac gctgaaggca gatgaagagg atcgcttacg caagagegea S60
gacaccctgt gggccatcca gaaggagctg cagttctag G999
<210> 2

<211> B85

<212> DNA

<213> artificial

<220>

<223> primer

<400> 2

tattgattta tagtcgtaac tacaaagaca agcaaaataa aatacgttcg ctctattaag 60
atggcaactg tgaaggataa actca 85

<210> 3

Page 1



<211>
<212>
<213>

<220
<Z223>

<400>

20

DNA
artificial
primer

3

aggcgtatca cgaggecoctt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gaattaattc trgaagacga aagggcctcg tgatacgoct agattgract gagagtgeac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

aaaaaataaC ataatactga aagaaagcat taagaaggcg gatgtgtcaa acaccaccegt

4
60

DINA
Artificial

primer

4

5

80

DNA
Artificial

primer

5

ctgtgcggta tttcacaccg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

20

DINA
Artificial

nrimer

6

tagattggcce gtaggggctg

<210>
<Z211>
<212>
<213>

<220>
<223>

<400

7

20

DNA
Artificial

primer

7

cacgcaacgc gtaagaaaca

<21.0>
<211>
<212>
<213>

<220>
<223>

8

24

DNA
artificial

primer

09088sequence Tisting.txt
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26

60

60
80

20

20



<400>

8

gacaattctg gttaggtcca agag

<210>
<211>
<2312>
<Z21i3>

<220>
<Z223>

<400>

9

24

DINA
Aartificial

primer

9

ttaagctget goggagcette cacg

<210>
<211>
<2312>
<213>

<220
<Z23>

<400>

10

22

INA
Artificial

nrimar

10

atgtctgece ctaagaagat cg

<210>
<211>
<212>
<213>

220>
<223>

<400>

11

24

DNA
Artificial

primer

11

ttaagcaagg attttcttaa ctic

09088sequence listing.txt
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24

22

24



