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acid for causing it to be dehydration-polycondensed for synthesis of polylactic acid.
Secondly, the present invention provides a method of manufacturing polylactic
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part is called the "high concentration of lactic acid". In addition, to the concentration
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allowing the high concentration of lactic acid to be circulated between the concentration
part 38 and the lactic acid storage tank 50.
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vi ewpoi nt of corrosion resistance, it is preferable to
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concentrated can be obtai ned. The present enbodi nent
is provided with a style in which the high
concentration of lactic acid is circul ated between the
concentration part 38 and the lactic acid storage
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certain period of tinme, the lactic acid is discharged.
Next, with reference to FIG 2 and FIG 3, the

specific style of the fernentation tank used for the
apparatus for manufacturing lactic acid of the present
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The mixing apparatus 82 provides an apparatus comprising well-known mixing
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separated/ concentrated. In addition, the above
description has been given on the assunption that only
one fernentation tank is used, however, the present
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In the polynerization tank 90, the m xture of the
lactic acid and the catalyst that is supplied from
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through the lactic acid polyner in the

dehydrati on-undergoi ng part 110. 1n this way, when
the direct-current electricity is applied to the
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corrosion resistance, titanium (Ti) is preferably used
as the material. The flow of polylactic acid
manufacture in the apparatus for manufacturing
polylactic acid of the present invention will be
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dehydration tank in the present invention. As shown in
FIG 5, the cylindrical polynerization tank 120 is
configured to incorporate, in the inside of a hollow
cylinder (hollow base el enent) 124 provided WI th a
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direction of passing the lactic acid polyner (in the
direction of Cin FIG 4) used as the rotation axis;
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ort 166 dr ous ycerln
us‘%h iNORVeRFTe ‘?jé’ée%ﬁemé(ﬁ’gg@ & Bet 16’&*8 iR %I“@Eﬁ%‘%ﬁm and a
coﬂegmyadiro@tm vhidtad slutdfly bapolameangdionugilisand ielect ddhyd@Son tanks
for ex%ﬁgkﬁ helical vanes 160a to
X 0
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titanium (Ti) plate whi Wﬁted with platinum
(Pt), |
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and to the surface of which ruthenium (Ru) is
additionally attached are adjacently 19 di sposed in
three stages. The static mxer 160 is rotated in
accordance with the direction of the helix, being

subj %ér@ﬁ b&Qowhéne bfébgnt %@éﬁ]%ﬁewﬂﬁ bk Nodl {P%gffcgﬁjy o scglged by
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ol,yneri.zat of the present invention is
(38 b}c(FpaIaanlo accl‘:ti‘l c ac:laacshnavi ng a desired nol ecul ar

vei ghtfter aolieg tenliquedied seachnv(390 pattohy reasslobtainéd in the above
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migptes af FEempeERtWietoR 64 degly UiRsihe mIXing Jepgyus. anHleatmxmre obtained

w&cﬂlﬁfhé}%ﬂtfb AsAToMeD thiditc PHGERDbErafiRé BESH ddg CWRd 8 H &0 6 to
be obt &ﬂ% ﬂa&&; igh efficiency and in a short
PrengFs ggcharitigd st ording to the apparatus for
(4]mméﬁ@§ﬁ¢ﬁ¢,ﬂgctmcyd actic acid of the present
i nve all _the pro ses, f t he, gener.ati on of
|t PR Bpefie bt feecBnmn e (TS rheS bR ST Bbiapped s dheyabove

- m&mer & Belowelady Cnletis layidcicteriad 0dupart bﬂjllnﬁﬂgs)asbvh@mﬁ:ied and the

mifie Sas S8l af 150 B a0l e ACp et &4 deg, R using the
mi&g%:@p%mmsm Imlmeﬁ:m; the !Flhlg)falmesmntmxeb;;mséctbls\e/wned In
s surbE PR RRRgH YRS REoRY e AtErma ot i i M FIG. 2

ané|FeG1 3. CWﬂﬂél passig chftct—ﬁﬁi@n&l&l@ctnbftgdhe feomventetion tvhe carried out to

ob%ﬁfﬁgg vlg.a z:}b%n‘%ssnggﬂ:ﬂ%_lg] %sgs }}Egﬁeﬁe%%ﬂ%e ﬁ:o%ditions used were:

plurality of polynerization tanks and electric
dehydrati on tanks
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are connected to one another may be adopted. EXAMPLES
20 Herein below, the present invention will be nore
specifically described by giving exanpl es. However,
the present invention is not limted to these. EXAVPLE

te&g%raﬂﬁ@n@ api a8y Oé | AEL4£C sagd d?]BYeagédrp 4! FPBAH ;\ﬁﬁﬁ%tes and

nuf act uring lactic acid |ndr|c
HIOPl§ r‘fOFt%&'i!kofa?s4 YR¥an Inadgdition, amt@ne@asss,lrcuhmb@men
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]é Preparation of a raw material suspensio
A% 30 parts by mass), common salt (0.5 parts by

mass)To laklgl oﬂ\@icelliar{fﬁa starclPabthHed indBR 9150 st &naitiohs 88nRhtioned
appar at us, _t 0

L m nut,e m. Xin
in 7 QiePRbE5F Bof A e 0 pEle e b easeadded. apd e same
fehnqnmfom&grﬂsasameﬂtm}'i&d ifi B AMPEE Bbva§u%eﬁ&g$ie%ﬁnﬁﬁc : t{Bé ﬂﬁ@honshlp
above mann ste e or
bellech S el o ARG oty By Al iosmags gekeatodss ol the
Coscealtmhombmihlthedlacﬁéwaodd pgericsatdlly arede) deg:‘adJCI UM this case, the

ASREORRE QohaBELAS YGSE)2 19 Aokt 3 B acin

respe@ErelyKK)TT(e@cshltparetshbym imBES)7. wer e pH— adj usted with

oo 5coridh . Il e FgndB et R g
ac al@ioth@l slpcttotndosrmpsiy volhagem Risregn bapptm’ fromsFIGTRewhen no current
will appHELacPs %é“&écﬁ'éﬁ%s {tﬂé Voelee éﬁc) Xg tﬁec-:fatcﬁg deil %EP&?Hr%thn would

m nutes at a nggra ure o
nof ex¢eed refyarky masfu PWEVETs WheE Fhe ¢ ggﬁcpn@cpmoatsu Ysﬁta@f was changed

m@qcz wambfcbﬁ&nﬁawrpﬁaﬁnh@ase@qelm rzgfo Bil ﬁla.'sé Auehhrd Sﬁlﬁﬁﬁh when
nass obt ai n above manner

@PW@#@OS&@@S@W&%@ ba Sheasbioin et VrQh%H‘fWréClEl Rpeseairain afir
8 Mlwadrmotehaed! o rm%ﬂby B WACKAEELy, KiflehOthd eRefrbéndbymosis voltage

sl haae R0l 6 X5 sl Fhegalfe Ty § W%ﬁﬁmﬁwﬁ%s Plenviesss shet | Asa

redoyt of ithis,i ftgcamt béOseerp rthdtoa vbltageriofiul. 2sto 3.0 aVt Bnpefeadtle @s the
af(%%%‘g%?g‘gg ei%cﬁ’é lag%rhgsqs gg apparatus. The mi xture

to stand for 60 m nutes at
2. aSWeﬂnpéﬁafpnlbladicﬁiddeg Cand a pHof 5to 6 to
prep r t act
O S S A S A Bl
pobynerization tepk andanclpeiric Hehyaipdioa tardwwbﬁwn o B 6vWa$BIS©Fb@ form

la&cabﬁq;}ﬂtﬁlqﬁgﬂﬁigﬁ%@ﬁo&gué part by nmass) was added,

m Xxture was stirred at 150 rpmfor 10 m nutes
(1)atD5Y1F%FFE%rature of 45 deg C using the

99.5 parts by mass of the 20% concentration lactic acid obtained in the above
manner and 0.5 parts by mass of a catalyst (ruthenium oxide and titanium oxide mixed in
a mass ratio of 50% by mass) were stirred at 150 rpm for. 10 minutes by using a mixing
apparatus. In this case, the pH of the mixture was 3.5 to 4 or so, and the temperature
was 90 deg C. Then, the mixture obtained was evaporation-dried at 110 to 120 deg C
for 0.5 hours. In this case, the concentration of lactic acid was approximately 60% by
mass. |
(2) Polymerization/dehydration step

Using the polymerization tank and the electric dehydration tank as shown in FIG.
5, the obtained mixture of the lactic acid and the catalyst was polymerized dehydrated for
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m xi ng apparatus A In this case, the pH of the

m xture was 5 to 6. The m xture obtai ned was
introduced into a fernentation tank as shown in FIG 2
and FIG 3. Wil e passing direct-current electricity,

24@%15%%1@%%%1 Gl %hﬁ\%eﬁaseﬁ)gllyﬁfép%ﬁ b {aREAnG the electric
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respec es ur ar e
12030(19 gmda]mng thee @glymmzatgzm thwak argl edtonddhiydraion vemkras shewn in FIG.

01,i@f 1.2 n e
5)¢° %ggfd}o éﬁ%jééis %@I Ec,hev tetn a@&kgmg I E{& c%ngﬁn?onglmr&qlaed pressure

et redrom disclped dp AP/ 306L3 5583 Ot escilbise anGittisl lactic acid
teﬁﬁaeﬁgﬁe ot 89%; zsysmgssv)a,rem%dl aGhie d@gﬂeg of Qﬁkgﬂﬁﬁ{ ) @E'(m»a) and an

not exceed 5. 6% ss, however

engl RASR RO ARSI TR én@%ﬂ%g*éelgwga JAGAGGd  Tharepults eroyihoypdn FIG.
8.COFICEREY @gﬂagm ﬂm&aﬁr{g%@ g sbrsRip Herwién e ﬁ@?xﬁeﬁiﬁﬁ%n temperature

r Fur.t el ect.r oendos SI s vaol tage
ﬂf&éﬁe PPIXmgHERt 1°Ht“6“"2f%&ﬂ\?1’° SHRer}Z4eY TeAChan T Hastie cish
aft erAs Eanhbe yeea frone FE@s& dvlicm Ré poboivyizatasdehydration was carried

N AN RN e o SENTILE i —
dehmératidfddoy, tegeriod of imeAsquiredrfesthietfirstfladtivi &jd pdlymanzdien step
(ﬁﬁ%sta.ﬁg{ xﬁné‘[?lb'on%gmﬁ{es% €0 a% %h EY].Od%f Qh%frgélﬂpégefopﬁle second

enen rden IS
laglimadié ppkymetiziiinysterc (120 was @Ipmyxm@tehg lé(hnalpi;t@ﬂ oit §as thusrin 240

mﬁﬁ%flﬁ@l{]&‘ihgrﬂﬂe b@x‘f&d &f ﬁﬁbqbpﬁ’}é' J}?r | Cé:vge(‘[g1 o ?@% lpol%'kac‘uc acid

polynerlza ion tan and an el
hayingshweight ayergenwlgalar werght pH12G00 thsa&w@edac. d by

t aki r(@hntttt’!ﬁl),I Wh'eﬁ’%enﬂolgﬁagﬁ%‘éh%d@@ﬁyd?ﬁﬂdﬂ‘ﬁa§&ﬁﬁe@%u§usmg the
parts mass, of 0% concentration |actic

SYémeaqq%r&mgnto t%cwatv@nahr&ﬁhﬁd PApRguLg dshysipian %?%ﬁﬁsthe period of
tnﬁe eaqlﬁlem Sbr (Heufike Mdd K g6lyaiedizitionagep (TOXWEE afrbﬁi&hately 30

m}an;ﬁs f°6 gg,i%l tﬁ'&,grééﬁ Bgtngogl 1@3#&%&200811%' lgéu%dac?

step (T2) was approximately 390 minutes or so, thus to obtain a polylactic acid having a

pc:hymerlzatlon

weight average molecular weight of 120,000, 480 minutes was required, including the
period of time for the drying evaporation step. Therefore, with the system according to
the present invention using the electroendosmosis type dehydration tank as the heart, a
polylactic acid having a desired molecular weight could be obtained in approximately

half the time period for polymerization using the conventional reduced pressure
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apparatus. In this case, the pH of the mxture was 3.5

to 4 or so, and the tenperature was 90 deg C. Then,

the m xture obtai ned was evaporation-dried at 110 to

120 deg C for 0.5 hours. In this case, the
dh9BRERh sAkden of lactic acid was approximately 60% by
mass. ( Pol yneri zati on/ dehydration step Using the

pol yrist e 5P fTamKE 168, When tF exatert of theinyencat inventioankas used,

th@@oﬁzﬁ@fﬁaﬁdb lﬁnﬁaratu?e rdgiRePRE NG Ebff& W& E&gnfeﬂganon step (T1")
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mass nut es.
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R A 8t 5 Rl LA A s o

weightubes:. obTﬁaed/\@ﬁtgﬂﬁglaaﬁ'maagey aniree shat pegodbf tiok, ddr@ell as an

apgglra er%tﬁ%%gi l%ct%céfgc} ‘\!\‘k%ﬁ v&? tase%r gH %gﬁlc&ntrglon o%qac%c acid can
beplblt@n@i’ thblghmﬁ'@tetw;mdl apreppereps fohmamifattengodpndicmgid with

t .
B B SE . QUET LORE L S8 R0 S i
effiei pesei dngliimg Sb(n’f pariodj oA timezaanibe Pml@dconcent r at i on of
@Q"{fd@iﬁﬁoﬁaﬁﬁn afe nﬁs'ﬂ%?lt bP meamwla Readl, ﬂ‘nhsapégratus for
and an.end 0| nt yl acti c nass ar Wei
mapdachime kadc @rglringnd e pRRaates for appmdagtaime aelylactic acid of the
pr@eﬁﬁin%ﬂhcﬁﬁe ﬂ%qj’raéds% fhoRi kheAgenSRAEWA of ekt Gid 18 khé\Bfymerization

red S m acc rd| n t he canven a
of pRIYEL 2pH 2R B BOTGURYIY N0 He B CE00 0L QRGP Tl
lodEHy 260 3pBd5 8kiddraechd Wpegitian mord | @hvérdait] andcCiaduction in

te rature, of 60% b a reduced pressure degree
m ?%ﬁ%?ﬂl%ﬁ"ét Fﬁéﬁ#ovg%gisan end point polylactic.

mass nol ecul ar wei ght of 120,000). The results are
shown in FIG 8. FIG 8 is a graph illustrating the
relati onship between the polynerization tenperature
and the polynerization tine for the polynerization
reaction of the polylactic acid. As can be seen from
FIG 8, when the polynerization dehydration was
carried out with the systemaccording to the present
i nvention using the el ectroendosnosis type
dehydration tank, the period of tinme required for the
first lactic acid polynerization step (TV) was
approximately 20 mnutes or so, and the period of tine
required for the second lactic acid polynerization
step (T2') was approxi mately 160 m nutes or-so, thus
in 240 mnutes including the period of tine for the
dryi ng evaporation step, a polylactic acid having a
wei ght average nol ecul ar wei ght of 120, 000 was
obt ai ned.
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Contrarily, when the polynerization and dehydrati on
was carried out using the systemaccording to the
conventional reduced pressure dehydration nethod, the
period of tinme required for the first lactic acid
waek Wedilneatd-on step (TlI) was approximately 30 m nutes
or so, and the period of tinme required for the second
| actic acid polynerization step (T2) was

appr OKi MBtnthoBIOmANEBANS bol%&nctl& AR, WhefRBY ﬁie[ﬁo?ylacuc acid is
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pol yr@éélﬁﬁ&f&ﬁo? tgﬁ:‘g v&hﬂfh )in QUI I ea&? %n? B%}l&e %16 lactic acid

pO yne at1on era dre e sec
stprgdtincthe cpecenpatigmpart issunphiedt keaty HE) laWas agid |fex dagn@ it to be

déh'}H&nBﬁ' %o@r%ﬂdéﬁéédzfﬁf éﬂlglekﬁ%@ﬁgl?fag{fﬁgm d be reduced

as conpared to t deg C required
for the flrst lactic acid polynerization step (T1)
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za(t:1 n F{e to ran tlarcwzg%rl %he ﬁtlc V\%D oy P]c?l mﬁr ohtile dehydration part by

el@@mmsmxson of Iact| C aci d can be obtained with
hi gh efficiency, and an apparatus for manufacturing
pol yl actic acid with which a polylactic. acid having
an adequhmethes wéuneleciyeng Relylaaic Mad.clomariEg: with hi gh

ef fi cd SNGMedRRioh ttcp Whith heRSNARE #fd for 'Eﬁuéiﬁ‘ 1ttt8 be dehydration-
provi ded, In addltlon usi ng the met hod of

Pofxsondensed for mynthesisy plrclestic acidpelymenandppar at us f or

manufacldttid\@hva@tibs sief kn%chaﬁﬁbﬂ é]&t@@@éfyﬁia*ﬁ%nftzﬁﬂ( having at least

manu cturln pol yl act cid of the
a pay ehelegrpdes %ep a ¢ Yéiﬁf}t’coﬁém& tg%nﬁgﬁyalﬁe patitignand in

- whieh ¢hd dbhymlanmbmrpéaﬁﬂwm a g&th@dﬂ ydeef the feaeﬂr@ﬂe@,aapph@ direct-
conti ous y C ried out n re on.of the

cifRat ey o B oy A pBet ST biibrn gobpeadetsed in the

pobafériiakion siep retraefremiaTin theslactic sitlipslymer iothe dehydration part by
In%%gf cturing cost can also be provided. 24 What is

o H@%mi"é}?'

4. The method of manufacturing polylactic acid of any one of claims 1 to 3,

wherein the vegetable starch is corn starch.
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1 - A nmethod of manufacturing polylactic acid, wherein
the polylactic acid is synthesized by fernenting a
vegetable starch with lactic acid bacteria to form

| actic acid, and causmgthelactlc acid to be
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a raw material introduction unit for introducing a
vegetabl e starch and lactic acid bacteria into the
fermentation tank, wherein direct-current electricity
is applied to the m'xture of the vegetable starch,

and t | Bt b d al ned
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corn starch. 8. The apparatus for manufacturing lactic
acid of any one of clains 5 to 7, wherein the anode
of elléct Thalepparatud for mhanufagsturingf podylasshacid®of Alaim 10, wherein the
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provi ded on a cathode side of the el ectrodes, wherein
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install ed, wherein the fernmentation-concentration unit
applies direct-current electricity to
13. The apparatus for manufacturing polylactic acid of any one of claims 9 to

12, wherein the electric dehydration unit comprises a hollow element through which the
lactic acid is passed, and a plurality of rotating vanes which are provided inside of the
hollow element, and are adjacently disposed such. that they are mutuaily inversely rotated
with a passing direction of the lactic acid being set as a rotation axis thereof.
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the lactic aci.d obtained by causing the vegetabl e
starch and lactic acid bacteria introduced fromthe
raw material introduction unit to be fernented in the
fermentation tank for transferring the lactic acid to

the ggncepd ﬁﬂfral"é?ﬁ‘s fb@rnﬁmgf'acﬁfrfﬁ%tﬂogﬁggﬁsﬁpcﬁ {)I‘S ¢lai§1% % Wherein the

the lactic acid in the con

rotafing,yanss congtituieen anoda of te elestredesiin therpéectraommanan it
part to the polynerization unit. 11. The apparatus for
nanzi thﬁin%@%ﬁ%y actlc aci.d of claim 10, wherein the
f er met af Ao At maryiariuing polylantis adsf anytonsctfalajes 10 to

14f whereihahe tgeebRf @irtigistdo dtaeki ¢ acid stored in the
concentration part; a lactic acid storage tank to
which the lactic acid discharged fromthe discharge
tube is supplied, and which stores the lactic acid; a
supply tube which supplies the lactic acid in the
| actic acid storage tank to the concentration part;
and supply unit which supplies the lactic acid in the
lactic acid storage tank to the polynerization unit.
12. The apparatus for nmanufacturing polylactic acid of
any one of clainms 9 to 11, wherein: the
pol yneri zation unit conprises a hollow base el ement
whi ch has an opening part at both ends, and to which
the lactic acid is supplied from one opening part, a
bar- like rotating el ement which is provided inside
the hol |l ow base el enent, and has a helical groove,
and a heating unit for heating the inside of the
hol | ow base el enent, and by causing the bar-Iike
rotating element to be rotated, the lactic acid is fed
under pressure, being heated, fromthe one opening
part toward the other . opening part to be conpressed.
13. The apparatus for nmanufacturing polylactic acid of
any one of clainms 9 to 12, wherein the electric
dehydration unit conprises a hollow el ement through
which the lactic acid is passed, and a plurality of
rotating vanes which are provided inside of the
hol | ow el enment, and are adjacently di sposed such that
they are nmutually inversely rotated wth a passing
direction of the lactic acid being set as a rotation
axi s thereof. 27 14. The apparatus for manufacturing
polylactic acid of claim13, wherein the rotating
vanes constitute an anode of the electrodes in the
el ectric dehydration unit. 15. The apparatus for
manuf acturi ng pol ylactic acid of any one of clains 10
to 14, wherein the vegetable starch is corn starch
28
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