EP 0 552 226 B1 Description The present® invention relates to the catalytic
productign of lactide and nore parti%lﬂ%il%apéo its direct pro- duction from
| actic acid. 5 For purposes of i cation, the follow ng
definitions apply: L[err]A lactic acid or 2-hydroxypropionic acid LD:
lactide or Jesedptivwt hyl -1, 4- di oxane-2, 5-dione L[err]A: lactoyllactic acid
-or lactic acid diner L[err]A | act oyl | actoyl |l actic acid or lactic acid

trinmer 10 The present Inz{némrflﬂeﬁto616&@}6#@@"\9?“%@!40@9&84 rgore naqticulaply 19its gieeghAms

of pol yrer i zuetionfromfacticasdi ¢ acid is s, the nunber average of

| actic. adi d unF‘t’§“’P?fa‘t °f§P’e“pE'l9%‘QP'é?ﬂfP' ""&? Pﬁ'&ﬂ‘é’ﬁ %RY:the lactic acid polyner.
Lact\we-aci d has one %H s thus, can be found in two
enanti omeric forms 1’ 36'6’ ?e' A"® has two asymetric carbon
atons so that it ca “ac °'a aéct% 35@9'|§om3r| c fornms: L- 15 lactide
i n whi ch“l,:)oth asy ossess the L (or S) configuration; -
D-lactide in ‘Mﬁ’. &qué A EhaPR IRERmbbriaFerkde 0PRERL acid units
configurati qpa'ta Hcﬂ._, gne asymretrl c atomhas the L
configuration ; ﬁ.cu}s'onlamﬁ.fané kri) e Beblind In twoshbitidMeridims. Lactide,

D-1actide arg, tl%rlﬁm ﬁa‘ﬂmﬁﬁwo héymnBiRic Rirtied Heink "S5 thedt cdnd6 foustin fhfee Bteledisdniefic forstL-
it woul d pe | ebiGR WABE BoS adymmbthE calhth Globis Boss6us fthed (bES) icOrTigarition] TBIabtale i whichGbtt
feed was Mmai galhéiAskaibbn dtdnts poseasseieD (GHR) bohfiduietion; 8l mesactids inwhich anelagy@rivietiio atom
especi al |y Ligb &6 Licshrigurdtan andltiie ottisihais the DivenfigGratinclciact ki and Deéctigedry erantipmers. In the
especi al | 'y i gloduttion phiastidecridmistticdcid twouldbe advabitagdoys itibagabachabéonfiquaitiomal the lactindsida s
proposed i N feswas Malitainedsin i ewhvdrsich to laptislei Enattiomaris [€¢idd, agpedialy L-lagip, hgiF gtility in the
387,676; 2887préii&ion alipdyiBES eepedially Irhegtodictiersof envirasmentally degragable pelymprg auch pepgposed

| actTc aci d ihesnmmniy@esiagtediU.Syapplisations Serigl Nop.381/8R0; 357,67 387,67 Gﬁ%’l"qﬁ&“r actic
acid, L[err] A, Hemtofereasrodystion romdastiosicid fias peoseeded bythe initialfosmation:ghl} W@B'agﬁz a
catal ytic tracidsldaueh gs by dehydrfionof squeeyn lagtisgid: fallowed by acaislyiiq tragsestedfication react!

i |l ustrated avmag baskbiting” pyliystratadbelowy g1 275 581); tin al koxi des (U. K. Pat.
No. 1,007%347); and zinc or tin (EP Publication 264-926 and U.S. Pat. No.
4,797, 468). Anot her exanple of gHe biting nethod can be found in

US-A- 3867190. Addi Qﬁgnaﬁj rocesgsés ta‘l?rcl de U S Pat. No. 4,797,163 which
heats an al kali or |a| Kk e earlt h mal al | salt of 5 a 2-hal opropl onic acid
in a non-aqueous m-v@a-t——t-eOf-o-ﬂH-f-a-cﬁl HU.S. Pat. No. 4,070,375 -which
prepares ‘1, 4- di oxan- 2- oRe d 5-substi trezl 1 4- di oxan-2-ones by contacting
CO with formal defde, a,@ 2-glycol, and HF catalyst. U S. Pat No. 4,727,163
thermal | y degrades rmal |y stabl e pol yet her corel [err]-hydroxy aci d
(es- ter) block cofol yjrer undervacuum forflorm ng cyclic esters. U S. Pat.
No. 4, 835,93 cradds a @uepol ynegcgm prisiing a pol ynerof an a- hydr oxy acid
(ester) ora bl ock copoly#erthere on ast dbl e poI yether at atnospheric 10
or super at nospheri c pressurewhil e mai ntainijng an i nertgas spargeofthe
reaction mxture to evolve the cyclic estgr vapours that form According to
a fiygt aspect of the present invention tRere is provided a nethod for

maki ng | agtide (LD) [3,6- dinmethyl-1, 4-dijoxane-2,5-dione] from agueous
lactic acid feed enriched in lactic acid ( [err]A) and lactic acid dl- nmer
([err]), which conprises: 15- treati said feed to renove water
therefromuntil the treated feed has a degree of polynerisation in a range
of from1,59 to 2.63 as nmeasu®lg by titration, and en ceasing said
treating o make a crude | act] de ;Hoduct and re 3ngOI ETtlde fromsaid

crude | acti de product o
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As illustrated above, back-biting depolymerization of L,A results in the production of lactide. Catalysts
proposed for such a reaction include tin powder, tin halides, or tin carboxylates (EP Publications 261 572 and
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According to a second aspect of the present invention there is provided a
met hod for making lactide (LD) 20 ’g gﬁ%ﬁgéhyl 1, 4-di oxane-2, 5-di one]
from aqueous lactic acid feed enrich B tic acid (L1A) and lactic acid
diner ([err]), and depleted in higher oligoners of lactic acid (L[err]A)

whi ch conpri 3?§§31)sfmﬂ“@vdqstﬂg*<s%€t o 6A0,3470; and zind o1 ¢jn (EP Rublisation 864 926 apx.&¢ Rat.dlot 0
-removewat er t hé7ebBloMothat expmpleef thedagkeiting method par besfound dy WA-S887M0L yer i sat i on
in a range of #ddiiangl ppgesses incluge USPatbia. B #H3which heatsan;alkali or aleling ersth "@@h@ﬂn@
sai d heatf nga?B"' Eé‘”%l'“@l"&’d@"?%&?‘?"ﬁé" Pﬂﬂ'ﬂ%‘l"‘ aa%'d-sé??t No. 4,070.3

| actj de fron:SAPE4NaR"d by f‘d’&%{ '"9 '@?ftyd‘? ﬂv%‘ﬁ'ﬁ%ﬂ"q s
direttied to é ‘ﬁghqgfapﬁ dhﬁ’é’l?? :'ef"ﬁ Y fleg @d?ﬁ)t 'ye%'g acid (es-
Aqueous L- Ia sn a§§ reod Yaé’l‘ c § ’°:'“'
m xture O Eﬁg' reis |n r Ive hF'HI

bei ng presen ﬂﬁﬁ":gfq,g |s t e!r;“;}h'é}g| m co;‘L gura |on gRi
L-lactide, an 4 wtﬁmess.\fﬁ,oenh 68 Hpin6H HoR8 hs
not used thr QH@JHQHU—&%&-Z”@&L&W &lleous bR @kiF festbbnri :@&:ﬁl |aﬁtld’%ﬁﬂd @ﬂf)&ﬁﬁaétﬁ acllt?dl-
treated for meOXRWhieH compisss: t herefromuntil a degree of polynerization

(DP) not gubst angdating shid #6e@weniNewiterhekefrom A kR Greatdd Feediha £addgRB bf gokyMélishtion in a
ceased t O prRA§EEfrom §.5910e2.63@s meadies by tittatibr, BrithdnTedsmp didirating to Makd '\ @udellactide
LD product. proquetdrdrred treatment involves heating the feed at el evated
tenperature to rssparating Veatidefroshsaid crgdenbtidgdprediieti t | onal LD forns. LD can be .
separ at ed fr omAsdeadingitaisecénd appectatitbé prissentdnvention therg dsfpravidedernethog or makiny ladtideceD)an
LD depl et2d [Si6atimetiab1.drdipxand-R5-diohdDrolepruedue hctizracid teed enrichpd in tacticiakig (LsA) gridartieatid
wi t h,_addi ti osieer (k) ensl depiplad injhighes oiadmern af lestic agit (b4A) witidhreomeriseshe readmitted to
the process for vR¢tingsaidiendtq hopfinp aleleuatediemperpfiirato reneye wateptherpfeqmunfilthe fieafedfeed
enmbodi nent o\“astaﬁég %W“ﬁaﬁ%hﬁ 1apge offrpm. 340 2,83 ap W?Fﬁ'ﬁ’d pylittationeanddiep seasngsald

(0 be real oo 'Zf““ %F A
he' o' o %‘%ﬁﬁ% e mﬁ'ﬁé %“?7} We“rf‘}
L= cti cidl i r tlon maki ctl e
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t he sanme 40

was made. Ang di’g ous

unreact edy,l af lc%ci t§rt erdfi ot

The sim pli gishe/an t2tisf}§acﬁéd0ﬁﬁ§r§athﬁntmh s%efﬁ Uﬁ%ﬁlrodtﬁ: Xér'ﬂ 'lfi Bﬁrﬁ
advant ages  Wbeh thb Gruded@prdalict APRAr@Direatrant iOAEs iekitig ke teeli ateremseawpe

t he di scl osuw&emmg@hmgddhgﬁaﬂmw@e |l actic acid feed, is in aqueous for m

for conver si on Lbear eSepéRaRA frof Ihd Eradeld padaudtsyetvhﬁt-kyoﬂeawqws td prdiiuddlaf CB-86plefidd proaf

t he presest dTaiBLD-8épletelipdiich bptiopdlips@melitsd with adfitiohd) adubéus REIvREid SndiiWatbrhen can

appreci at ed beresdnfitesd et promsd framdking additiond! lactide. (s lcydic orrstydieymcbssantbodiaent of the

written anot presentiavgntiob Bnables very high lactide conversions to be realized. -[err] EP O

552 226 Bl Thud#dvantagasiof the presenbisventiondnciutieathe likty tolosavers labtic agid drdctlbmp iactidaiof kigh

hi gher ol i gopusitysAngthet agivantage is attheasymmeiticcarborBalomadn theyredurtacidetpeadomingieis the same

r eadf jsons#s hplisplute gonfigusation g the feed-jatip gaid frampwhichif raminglechnotheradyaptageie @ Pepass whie s

(LA) are nadiangnaple orenveling aaadjefé'esciq an¢ by-produets fprmeg dusing thedngatmapt propess. T]

shoul d be pr PcBipfthe Bmfﬁ‘fats Y‘Etﬁé""é GP‘PF‘G% Theseaad giheradvantages will be reaglily appatent tp those

presence of E'T'S%F‘t ﬁi’ ﬁ?‘ﬁt '@Ef’s"te&g( uant ities wat er
'n the fegdsy i oyiosn o o inte 159 i fnm'gﬁﬁﬁﬁ

costs assom%{% f vge;f ‘W?&“MSWL‘]’H‘EBB Pogesp RN Be SpRIGEAted §Y BIRIANCS B Me%h
reactions is an vva ‘AP i's renoved so that hi gher DP oligoneric lactic
acid is produced, LD also is produced. As the data will denonstrate, at a
DP of about 2, the LD contentOdf Ot he mat erORIO | THEQI m zed. It is worth
restati ngspt hat renoval of watér s the drilvi tlg florcé behind 10 this
reaction. |f water renovaICHsCHLOMHE N CH3GH-Gf0400E-OH + B2Ohen can be
separated fromthe reaction m xture and recovered for use. It wll be
recogni zed t badrittedenothériwaltas al ways dehydrated aqueous lactic acid to form
oligoneric LA having a DP of 5 or abO\(;%. Tlgg g;& then enpl oyed a catal yzed
reacti on &nown as back-biting for pro ¢ | acti de. What the art
failed to grasp was that |actide fornadldawsiagHde dehydration and its
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content was nmaxi mzed at about 2. Also," It was unrecognized that LD is
sufficiently stable in the presence: @o%‘?z{lﬂt L[err] and water to be
isolated In significant quantities. Since % e crude LD product has a DP of
around 2 and the process nodality involves renoval of water, the
appropriate | afupdt vilbbepbpasad that LA in equiligriynywith higherjoigomats °[‘2$4'° aS.'ﬁG“ el
i n hi gher ol TQypspteiethegedpaciions §'bfét9ith%"9"q'ﬁzi‘!°t |'-§,A9r'?6{“9'f°6'a§ a  made
Llerr]A andySendratiggauous)p Bﬁ%q‘ﬁ'(‘,fﬂ %te’?‘g?‘n? gr‘ "' "°d
lactic adid ﬂb%‘@da‘“ﬁlé o H’??é'i"’F 8‘ watgr iy Pfeteg are

,mra:c ;Q ,ZgnLD cﬁ"é rg § éﬁ? Iggﬁi actuonsﬁté%%; |s %vaetd ﬁ&l hf ﬁe‘?BFS

ome cl th d

pref er abl y sﬁ#"}, icr?oﬁgfmbe ind
equi | ibri, &'mf:&l D Qfab E'L eﬂ&hntb E‘ep @E&ﬁ&ntﬁ&ﬂe rﬁﬁd
Llerr] A and jogt ?ornéee G,mcbe & arm rl 14 BaaysCdehydrafed & esésla&.asmo@da y
serves to CQj, n%ﬂ&@,.ﬂhWi kb2 VTHo 2 ﬂtl{%heﬁ Wed?EMﬁS&rea iBEknoR & Baciasiting
feedst ock cag graadtie &1 d%ﬁkﬁeart@ﬁl@@ﬁl cHti3TrAdd difingthé @hydidtion dd ifshe

crude LD f eedstbi Gés mdddhizddababoa@Aldo, Eﬁisﬁﬁref‘.@nz&ﬂmr.ntslsﬁfgclm gtatecin €he presence of
therefrom THeeL,REMRE®E © b3 Tsolated inlsignificant duentitiecdst ock appears to have no

adver se conse(siatarscraie LD ikt s @ DP of ardupde2 anid thagbrocess mpdality invélyes removal B waten thee
achi eved by dpprmopriatedactieacitfeadds dndehed ih &yA and L\ and depleteddrn highextigamgtié LA bpecigsniThat is
anmount s. Avanrl tetsgy thét Lyfe hak andsome bighee olganiedeL.A sbrsies sre nefrprasent inrihe Iagtis geidifepd; put
treating theheicpesence shaulsibe miniized in erder tf maximizakd Arpduetion inacegrdance with the P"°°°Pts of
Ast r ai ght2¢ orthmpresentirvantioniacticiqqié fepdstocks anfiched in higher H'@°'ﬁ?{l‘}é'oﬁﬁ§°‘¥'°&(!’f°if°@b§{éh?!"
heati pg at el hydralyzed inaedenie fake adventsce °g"° epy| "E'F‘P]Naﬂ% °"? fB" ‘}“E?WW the i"eﬁ“'d

t her &f r om urfeqdin 'c-iﬁé“‘h T@G PRegRuEe 9f 4 toc

heé_ol
2. Ater nat |Q7é°tb¥ t:? Wg}"e@’s@;ﬁ
h
V\ho:lvgxe[)r éf er Egl“é'ﬁ% @P%ea%%gs seco e uences on oonverso 5,98 p®"

n

net m
i nnocuous i n*f g gcp, ,Hg]; Jl:ﬁ, dfo m.@iﬁdﬁa @&iﬂ,w&ﬂe&ﬁ&
(e.g. acetic fiti °|v heating atelevated
acet al dehydegm eréth Ig'éﬁsc roRh: uné'tﬁﬁe% feK@ﬁé& a OH noféuBbtantially
one). Yelga auet %arﬁia\éhv‘fshdﬂ BU6F rérivtval bAVERY, hBgevéiAritiddifign@im

the aqueous dnﬁn%cﬂdé lﬁ@ﬁjddltlﬂn ofaﬁamﬂé&tﬂﬁﬁhlcﬁ prefeRrflidiy@adtOAtH waRr fofTorfingalicori-
nenbr ane sui §oaky that fs@inoddBlisF th prétgss/@uch EonpBindS Hd@ss, foraxdiipisanhidddes (4. acegiianhydt
havi ng the ajad)) dchtills {ey., ShecdistsyPacktaicr sdethldeiyldé) datbdiimidss, aadikbtdse.g. dirkathyl Kstal of@cey-
as water |s gnegiréeandiier kinjqué thatcdsbe énvisianet ifud rergviagweser fram theaqueoisiadtic ecidfeed ih- a
DP not. subst voives subjestingdesdte amdsmotic rAembgane sudtatitesfor, petniittingwater mplbeulea to passdasrétiypugh,
det ai | ed aboyethaviag thetability td exclndatLivi hoA0 £D,Laid the Gk e long g% weaten ismrefasantially semgved from
process, it theaduebusdacticiacidfes urtiva\DR pat sibstestiallyabovesibout 21 reaghed; the pailisriynysadtipns; s
i n equi | i br i datailédabove result inlforenatidnef kDhasoduetact i on mi xt ure, however, the crude
LD product pr odfurcese-catslyzed progass.dtdfheliavert thet heArualizes (enestaifiephip @"" tl'?\étP nl '%eq“I"P““"‘
appaays tHat wilhibaAlathe wactiarmixyse; hewever the P’P@&Rﬂ’&’i‘ﬂ“’t ?’Bd“P:.?i

-

not substantT'&L‘F B??O’e‘hﬁb lﬁf°" ;;%‘g'g% ;ﬁpg 'i i E" Dr m:;W;
crude LD pro e :

product reactt 8 u I : ;’i‘ﬁ ¢ ﬁﬁ

and produ t St F‘ rF re ngbl}b tﬁtelgg:)?ﬁ;rr?a ﬁrﬁa;’@%f%r rT Xmﬁgﬁ?gﬁgg

val ues w H‘ﬁ%}, err react to orm

peri ods Of % Mo tYé{ﬁﬁ Badl Bt &Bé thol Pea&roh@cﬁh.&@r&ng&ﬁmgme&éeﬁ&marpﬁmc%
of LD therefpg QrldSctddQi thé ﬁﬁseidweiﬁgm . AbeBIINGY rdsB: sodtet enbi@iédrs i cbhn@étion with the present
or depol YIer i gadntiéN hisb Saidrd b efiad of Saikdls SH th&iEbBHitipfocdsE. NG 1B IA8S in@te ekathiplds Will reveal,
product i O a8 plesyned & b&iWentithal &%&Iy&& QL BmPdunds? heitlviry ithle ef2C0NILD ipidgiicyion compared
resear ch endgaumfuting the pBEEE Misulibtaniidl hibeiids of sutiecaeilykts] Thiesrésulbs mayl be @xpiaingtl by -
t he ef fect ofuatigthé tiisdatalystiurictivhaljy 18 Swdlingaieawgchigher/AP digomedicll,Asperied ihte swallanfrrge s
wi Il reveal , mbdls thatifemjEctidecAta®dPaf around 2,¢hetnieoienismdar LR brpduction isbelipved tp primarily involve
conpounds, hachpldeng/cld»smlattﬂaedqg& fiad cetquiterthel fitesprae @ aecatalyat. Thusiker reesence otagnientionsl hB-
the proceds yieldisgxatalystafsiunhecedsery indee mgsenfiprorese.thauglytheieprespree iscnot qxduded nay be
expl ai ned by pdearietydfseraraton thainiuyen alseiean by snvisionerferisepeeating kP from ¢ridediDipred

cl eavi ng hi ghesed Brthe fresimengeftee 49A°°§§)l§€tl°é§'d f%f‘-dr heseeeghgiquep jn !E;'Hf?é?ﬁa%‘p'? wa “‘F Fm

| actide. At ¥ashinggfithecruydg HRjproduch fractiopa
t gcplr i (rarar i | y P prodicl andyeqrygiiization ?fé""(ﬂ"ﬂg b'? Bm[’“r?hf“ %@;@ﬂf‘}gtﬁz ﬂf‘r%%l"ﬁt@"s ‘%?'r’ese

presence of a catalyst. Thus, the presencg of conventional LD 55

yiel ding catal ysts is unnecessary in the present process, though their
presence is not excluded. A variety of separation techniques al so can be
envi sioned for separating LD fromcrude LD product pro- duced by the
treatnment of the aqueous |lactic acid feed. These techni ques include, for
exanpl e, cold water washing of the crude LD product, fractional

1~



4 EP 0 552 226 Bl techniques may be used additionally. The presently

preferred LD recovery processing sc | ves distillation which

pr ef erabl'y i s conduct- ed undervacutﬁ@#ﬁ%&htl lizing a codistillation

organi csolvent to facilitate renoval of LD fromthe crude LD 5 product .

Acodi sti | | atteabniques maebr uspdaddtionplbhi ent , particul arlyforlarge stills, where

heat f or LDf or nheipesendiy referred LD rpqoyesy pregessing memyvoaveﬁ @ﬁwﬁmrfhw rab'v'm"d"“-

codi sti | | at i eSndepyagum andioryiiliznga °H‘§s&'ﬂ'at1°6°"9ﬂ'é‘sﬂ g!é f:"ﬂ'g"?'&@-ogmt °

provi des %ed’t"l"PﬁM@? 'B‘f"f‘ ﬁ‘é"ef"é%fi?f“f%' Lp '&f'ﬂy ? "s'ﬁ”g %ﬁ]&a pmwg:
apla enhatnces

sol vent di | uttdation

process. Par| F 'HT' %8%%%@%": 1 é%"?e of sl AV wlth
that is i rTm s c| i gogi ksurbs of save% g gﬁéﬂo L rom
vapor prg %1%? Iv t | tioh s mBéifg thé brére prn éhes.
sol vent. it bdudfto 3 dﬁﬁ\m:&eﬁﬁﬁ\tthﬂﬂ' LbI¥es ﬁd’erred alkyl -
requi rement Sbe £d|v§ﬁl§ in ﬁlmﬁ‘dﬂﬁ‘eﬁes iRdUARG €. Ik B&ﬁ&eﬂﬁah@pr&em Jougi ben-
poi nt equal JoRe & fridsdyl lﬂmehé/ DistiEféH cuts fhathald W lavetdge bompobifinlofifolstyiBbrizuiR af3b are giitee d

al kyl benze;ﬁpﬁﬁﬂa@ﬁ\‘tu‘ée il prédent iiveHReH. TAdsK Yixed QUIZQBRFthe Redesseiymgilifgesoint, amlnksiy|
benzenes, s angxid) aef dp¢ dimgrcddRgidble.oen- zene ortridecyl benzene. Distillation

cuts that haveTretruilé ED prgductaith Adsibbéendreated foctadavelof LOventainyigA wiussthatican bgeoriverted
appropri at e iftoLD typieally by tielaingthe@eodutt residuedon its enrichmbhtdreleA and kAdWheantdistiliatipnis the water
necessary baoieinbvatireatment of clwice, thepstill batioms @stditiopally nah tercombinadiwith the stoduct tesidue) ferise-c

The crude LDrdpiseicntothatprocéss.tiydrolyzingrihis necyale stepamdor its emiighment inlfA pid) LoAstypigally,ig recom-
LAval ues 2 hamendedhmastofien with puamentation with asiditipns tregh|aguepys lagtie aeiq fed- Pm@a"decﬂj’elex-
resiidye for ¢epdngcAQnicambrerpecter] whenempleyios gugl IepyopRSRNIqyeSs ¢ | | I ati on i s t he vvat

removal treat nifollgwing pxgmeles show howthe ?’?“H&V?'E'ﬂ%haaafﬂntp d%}‘s

h th oRRiEvting-da this, sgplicasion. all pe Aropastiqns, are by @%
\rMeE:ycIt eeslto { e%ﬁ“??‘dﬁ“'°ﬁ°§heﬂﬂ?ﬁeéﬂffé\¥fr?gﬂe$§?? o fil ﬁtﬁtdf"t?fﬁp'f‘g R A nic%rpo ecorrgr'Ie ‘?rgl >

*’wcscg

= o

mended nofét P¥*augnentati on with additional fresh aqueous lactic
acid feed. or gLD yi el ds ex- ceeding 90% can be expected when enpl oyi ng
such recycl e=t ques. The follow ng exanpl es show how the present

I nvention h%pract I ced, but should not be construed as limting. In
this applgca |1 percentages and proportions are by weight and all
units are in tRAGnbEhdek Snsilsrramt-bstdIBSk vils AREIVIBR néRinRA Stirver, midhehabarged, Add20,
all citati ongralgfif diilidin fakd-dHEh 8 chdétisst, dnd &R IT§eNe teivabltp taienandrnarlometer Thelflgsk
reference. Bxdyiirged with@SuImi(z70.4g58 85% L-actiRaciaeadand huatd bii 126+130°Cwhitistioiy Braimitiogens k
was fitted wbibbing. wete vas\distinéd using & weter, aspiiator 28 450200 et Afiguigts aredmaves during thiatcourse

di sti || atdsonofitimkeatoigfand chaacterzadinytiration farE (Jdgeme oEmlymenizatian); ThenyaftetmethylaiRmewithf {
and nmanonet ediazorhiatharke] thesdiquutsovecd vhargaetized by gasahOmatbgréphy (BC) gy perdenta®yefileA, b b
aci d feed anehdibathedesalts rd@Biecare potiBOpelow.] C with stirring and nitrogen

bubbl i ng. Water was distilled using a water aspirator at 150-200 torr.
Aliquots are renoved during the course 35 of the heating and characterized
by titrat9on for DP (degree of polynerization). Then, after nmethylation

wi th di azonet hane, the aliquots were characterized by gas chromat ography
(GC) for percentages of [err] and LD. The results recorded are set forth
bel ow. 40 45 50 55 5

45



EP 0552é26 Bl TABLE I Distillation Conditions Tenp Pres of QLA

E.Ds . Lerr] “TE& 5 2'9%3??2%?‘&1 28.5 201 11.5 53 2.2 03
3.3 120- 130 400-210 1.59 27.8 27.8 20. 2 10. 3
ais% 1ig5 ?gsl_é?& 1%2&#—& 1?470 1113.48 8:9?8

| ig: 8 ] 16(2) 85 15 2.07 iy 8. 3 i P.ritsl- .
0.8 14. . A 0.4 ¢y 1.4 ¢ 0.6
(C)]_i \IJS ol i é(l)mahzgq ac'ﬁ { o]g?a -kll_l t(r)?t Irrg{]hyll'gst Sr_|s

(c) L-}acti t.44ci d 4%@d. (21{)5 F_’tbﬁongedlover 8.ght ) IQOSIBDI | at40021025 As
't he above-tabu ed rev. prodygtq on s risijggly peakegy at a DP
- of about 2. Thh bpea%a’tl'_% pro gt I on vvas agﬁljeved ﬁge BPat ively m | d
‘distillation cb98itiods8in alédcil eldfnner 8-8f t hiB.4| asl@ 58ont ent sl e

‘further dehydrajpgd to2m gher149s, Lg,gventgl,al ly w90 begg0 to distgd|.
"Continuedsdistillation jo steady st esul t L nthep bei ng
approxi matel y 0%% of rkf:i]e ol |€;§mer | ﬁgﬁa F%‘b aci dsf"p?eseﬁt75 e
conventional b268- biti2oh nodeld.7TEXAVALES 2- 0,3 35 147 A ri85(d\/vas corﬁﬁ@:t ed to
a distillatiopslpead ,;_ coolerece| \ ds@nni St at

mai ntai ning a pre ' ) 50T OTT — A quolrs o evarlousDP

mat eri al 0 of & ain@amowthK%r%&m%zpwmbma ¥ by addi ng them dr opw se

from t he heatg} fucaeéméﬁﬂﬁgﬁphg}ﬁmétﬁytdamot under rapid stirring. The pot

t enpérature of .t he nitored by an internal thernocouple and the
pot was heate ﬁ'ﬁ&&t‘%ﬁi Epml bat h. The pot tenperature was varied and

the distill at(d)n r Bxodonged (avemight)distilation. of material that distills rapidly,
ie. 40 fveral drops per second, was wei ghed and conpared to the anount

remaining in they, Eﬁulélédséala' |é 8 rog&ﬂﬁfsﬁ héfng békedRta/0RS L%trzaﬁﬁsqmakLD
Lo

distillation lve?ﬁﬁ drs Hiatio in ¥4Il M&Hn&rYif hé flask contents
appr oxi mat el D%L?.De{len egﬂ tdUstill. Eortinasdfition th ﬁagswte

results 835e feﬁﬁigfn erbof ﬁg [Q Me@@ﬁ@@?‘h@&ngorﬂélcri@tlcigld@resentﬁe iPthecoAventidhalBl
TABLE2 back-biting mode. Amount ( b) Distillation(C
D|st|IIed/Not Distilled Tenperature Distillation Exanple DPW
(WM -9% [err]gExXaMPLES 2-11 Rate 2 1.29
67/ 16 200 rapid

35 A pot was connected to a distillation head and cooled receiver, feed funnel, and manistat for maintaining

a pressure of about 50-60 torr. Aliquots of the various DP materials of Example 1 were incrementally distilled

by adding them dropwise from the heated funnel (145°C) to the pot under rapid stirring. The pot temperature

of the melt was monitored by an internal thermocouple and the pot was heated by an external oil bath. The

pot temperature was varied and the distillation rates noted. The amount of material that distills rapidly, Le.

. 40  several drops per second, was weighed and compared to the amount remaining in the pot. The distillations

Mt generally were marked by rapid distillations at the beginning of each run, slowing eventually to approximately
1/5 the Initial rate, i.e. 1 drop per 2-3 seconds. The results are recorded in the following tables.



10 o3 1. 44 49/ 42 193

rapid 4 1.59 220

rapid 5 ° 1. 99 52%1’ 222681 197

sl ow 6 1.99 54/ 46 225

rapid 15 7 1.99 TABLE 23/ 65 215

sl ow 8 2.07 15/ 76 202

noderate 9 2.63 traceﬂ,l)stl I Iﬁd N

very sl oW 20 10 Igi 227
very.-sl ow 11 24.0 S

ver ysst ow (a) ' ' 2 , =+ et or—start i ng
material. (c) 2 50-60 1.029r. TABLE 69/][6err] St ar 'r200|g Exanpl e rapid [err]
Mat eri al st|II P .y 1. 29

L o P Pug Lg dou® 193 ,2 rpid 29

1.4 25.45 4 1.59 1 59?9/58 2208. 6 rapid 13 8
26.1 40 5 6 1.99 1.8 197 18.4 slow 43.5
13.2 8 2.07 9 35.2 . 24.7 9
2.63 1 6 14 7199 safag”. 225 4,97 med o 5

11.5 7 trace 1.99 5.43/652) Degr@éSof pol ynerislewi on of
starting materi g , by tyapyation. (lbpssre Conpositizep of GC anal medegaréf t er

met hyl ati on w t& di azo[;rikgane The resul depicted at Table 2 show
that progressively hig terrperg?fﬁdéinnﬁ‘ge requitP®d to distilYYH%s the DP

and nelt i scosi(ty incr263e The aanﬁt of mateerZ'aI that di stvdr}'slowapl dly
i ncreases at Ir DP, ) he ' :

appr oxi mat el y B |s Seen ‘- conpar i ng

that of Table@® V\h&’é‘qa%" -products were assayed. These exanpl es denpnstrate
that LD can be)dl S Aisiviefyght perpem b/ Stardng maserial. DP materials and that this rate
S wchf%terz‘g §5$ %%orartcrackl ng mechani sm at hi gher 55 DPs, vi z.
DPs of 5 and ove 9 est enrichmentof LD occurs atapproximtely a DP
of 2 where italso distills rapidly. Since the anount of LD after
distillation exceeds the amount of LD before distillation, LD is forned
during digtillation, probably by a ri DABEESsure mechanism 7 EP 0 552226
Bl EXAMPLES 12- 14 The runs of Exanples 8, 10, and 11 were repeated, except
that one wt-% stannous octoate was added to 5  tlzhDSRwts®hg material . The
results recorded are set forth bel ow ngl 10

Cat al yst, (b) A1)

Wt h/w t hesut (Wt -9 1 29 Rate 8 13 2.07 11 18.5 W t hout

15 rapid 12 07 W th 17
4 1.59 8.6 -18.8 26.1

¢ 40 6 1.99 184 43.5 13.2

~ 8 2.07 21.9 35.2 24.7

9 2.63 14.7 12.7 7.1

11 24 11.5 trace 5.8

45

(@) Degree of polymerization of starting material, by titration.
() Composition of GC analyses after methylation with diazomethane.

50 The results depicted at Table 2 show that progressively higher temperatures are required to distill LD as
the DP and melt viscosity increase. The amount of material that distills rapidly increases at lower DP, however,
the best yield and purity are found at approximately a DP of 2. This is seen by comparing the data of Table 2
to that of Table 3 where the products were assayed. These examples demonstrate that LD can be distilled
rapidly from lower DP materials and that this rate is much faster than the prior art cracking mechanism at higher

s5  DPs, viz. DPs of 5 and above. The best enrichment of LD occurs at approximately a DP of 2 where it also distills
rapidly. Since the amount of LD after distillation exceeds the amount of LD before distillation, LD is formed
during distillation, probably by a ring-closure meqhanism.



15 y 10 2.63 " w t hout 8

very slow 13 - 2.63 . | 48

nmoderate 11 24 EPW(Y%&%%%RM trace very
slow 1 4 24 with 5 very sl ow
20 ( EXAMPLES 12r14t i on (b) One (1) percent stannous octoate (c) As

wei ght percent of starting material. 25 The rate of distillation of F1Jlde
was accel er at ethef st?fs%‘aﬁ‘l"e‘tq\éo E“A’c‘éP’? ‘gﬁ{% Wﬂ%ﬁ‘ﬁt%%sm"wa?éﬁ?@
accor di nd t She sstingentadal; the msulfstecordad are s bRl ynder st andabl e in terms of

t he probabl e chemi cal nechani sns involved. Stannous octoate is believed to
operate by cl eaving hi gher DP ol i goneiABLE#éctic acids into snaller
fragments that formlactide and is, therefore, effective in this DP regime.

At a DP qgf about 2, the machanls_m 30 1t b@plyﬁ}ﬁm yi |y 'SD afi@Rhd i ng

closure w thout _; ’ .on
distillation rat€Sgd 5 - ] v‘ : _‘ are
superfluous to thq i nvent h\gp | acti de Rﬁ ANidLE 15 35

A bench apparatus was used to denonstrate a unit operatlon f
continuoys additiqp of a Pf632 ol i go- nrathofic | acticgaci d f eedvérg shw
distillation columd forfoRm&3ng, distilwithg, and pd8ifyi ng pmodetate LD. The
colum heat was supplied by reboiler fluid that refluxes up to a 5-plate
A der shaw col um. 1The fed@d was fed to witheut op of trad¢e col unmvespiglo LD
codistills with t loer col at es
down t hrdaugh t he(ay By itatiohi gher L[err] oligonmers (n greater than 3)

everntual ly find § o.the still bottom Wter is re- 40 noved
thl‘g\lﬁh a hot co :(;'&ee&%ﬂ%s?‘e'} t%fﬁy | actic acid, returning the
latterto the col {@¢nAs weightpertientdofistagingtrhateriahh a | ower side port to a cool ed
fraction coI | ector. The reboilerfluid used was an al kyl benzene (AB) where

vo 1o ange Fﬁﬂfﬁ zﬁ?ﬁ";ggfﬁ"l s o o e

taken o o%ncq il aciodirtd)scheliterO "
|— A. The h i &hbi fa€ e@ﬂ@%f&&ﬁﬁmtﬂhﬂ)% ML At2DPraB6U 2, thetfidehahism
di stilled,as rL a |yl.s~°a répitiHRgla &hemm&eaﬁrystwcam|.m5a.aaa%nxéfréa¢oﬁh¥t-nit7m?aﬁes

g/ hr. Appr Oxét'iﬂ?st X mﬂle\%oMtinﬁal Eeitalyefs\aFsubdriudusSth telinvertive 1dctidé priduttion foceab.k y |
benzene. Al kyl benzene alone distills at 215-220C at 58torr, whereas as

undert he sanexxMperdiiéi ons LD distills at 189[err]C. Al kyl benzene and
| actide codiStTTTT at 165- 177C at 56 torr. The feed DP.2 material was
heat ed t msappr @beiwchapdaratus Masused toidb¢nsirate Lunitioperatioh fovibe eontinuous additioneof 4 DP 2 oligo-
Tefl on[err] tierdedacticackdifeed gyasiistikation/dolumf toefdrming, distilling @nd pyritying prod Eiicelymn heat
vacuum or bywsssoprliedtbywshiotiy fleid thetrefiuxesiup to Splate Oldershameeluma, (The drdde thetep Bl
t he t enper at the eolusin whiare LD cedistilis with thpirebeliet yapgr. Fugther L faems aeithe fead perggl ?Fé’PE‘Fth 9“
the tube, or the helumnpbighr biA oligamers (mgreaterithap Abayentuafiyind tasiryay Pé'vh#‘lﬁb%i >of
DP 2_(146022mewed heaual; ahpt eagdenses whigh 'alﬂﬂsw@f’"%ac's '?fa'ilﬂ"g B’&H‘“ﬂf W&’"}“

was hel d at QWE‘ W’%P'ﬂ?%p’ﬁ?af’é’fd W‘I;? orr é@@

hatdly

top plate |nTt baller % Ui cﬂ "1%% ¥ 4ls
t t l’(l:f Ing 1
EQIQ a\tNaZqu engglel l%ﬂ,’:: &f Th$ t }ﬁaﬂ Pug §

tenperature erg rvﬁ ﬁé%f%l rQ ilﬁabﬁengéloﬁé)d’ld’tllls dt Efﬁﬂﬁb@ dt
the col um U§é d%rth BSnkiiéna LD 9. 118 afl169B SAlkyPIRRzeHdénd \hahide YoaREN atAbs-LT
2 hours, t hem%@& 56201, eha’»ae% &sﬁiu Wi haated @raapmmoamct arfdtRiivefod vi8 3 sgialDf
feed materi akefigf®ubs thesybthi. THOtesdTB paIE Intorheystikh ByNa@uuini 6By Pdriping dsinglderistaitic
products mer gﬁ;ﬁwirﬁeaﬁtbeﬂs dveriibd byethd teMpeniters Sithefeed) RiVidcosity.Sant thedriepiar didnester of the
fractions. e, fot thé bpeedbf@iepumpl iwbieheveravat usedt i on yi el ded 66.05 g of
distillate, fr aattishacieleedbsiDpi2 (D1B122 g)veastadltythe tolunaovet@@-hour perfel. The Fboilep R haid at
anted. The | aveiperpivnmect 2227-224°C hvel achressure aft94 danr. Phrediereniate ie theicollmiewascheldiat about it e
crystal | i ne hie@tiedulcthkevffi point wea st avembezaturejof 4boit 67°G.3hd Supply pab offesd awgerheld af about
and vacuusn def°e8°a, enddhy TeflonBSeedi® was beid 4t Btamperalytetof 44°G ang the pgssyip controlled at 94 torr,

throughout the column using manostats, manometers, cold traps, and vacuum pumps. After 2 hours, the pres-
sure was lowered to 53 torr and an additional 51.82 g of feed material was fed to the column over a 95 minute
time period. The products were collected from the two pressure conditions in separate fractions.

The first, higher-pressure fraction yielded 66.05 g of distillate, from which alkyl benzene solvent was dec-




fashi on, the second, |ower-pressure cut'yielded 62.45 g of distillate and

-50.48 g of crude LD after washing 5 V\A;gﬁtrol eum et her to renove the

al kyl benzene solvent. The still- botFaHE: I cool ed and al kyl benzene

decanted to obtain 94.33 g of oligoneric lactic acids. The water condenser

renoved 4. 8 anfed.Ghe lowercphase Tiom thepdecantatipmprodedure, yiejded\a-psude whitecanystalling] L produgiovhishy,

Crude | act i dess yashedwiltclow-beiling detrsleus etherand vasturgdried fo/qbigin|48)539 ofd B peprucsfin a similar

t heor et i cal .fastyon.tthe spcand.dower-prespuresytatieided 62,459 of distillaterand 0.4y qfigeudes D after weghing

assays off t Hithpelipleumetherfa sthe gl penzene selyent. Thetifi-hettoms “'S'Pi?‘?!ﬁﬁita"ﬂ\ﬂmbﬂﬁ'?o-

10 et hane dapRates i ABesini 94° ¢ of oot ifcele acidpnibe wRterrtedelfRer SmPEISSim PaREEh RIS,

TABLE 4 15 ‘erEielnce w:s'(;a:d latedb:;;: o ion of LyAto LD at 88.9% of theorstical. O fus basis: fhy overal
ude lactide yleld was o ersion at 88. ical. i IS,

(wt-9% Compgpef ; sy O ratnie

36. 3 crude LDlvgs E’s%‘@ GC assays e two cuts were perfarmed n aliquot with diazo-

3 0 10  methane and cﬂm%n qjo tgndards. The GC analysis is set fo . ow. 731 L3A
0 0 (<0.5) 25 AB :

3.4 1.2 Tot al TABLE 4 93.9 97.9

The overall yield of LD before purification was calcul ated at 34.6% These
results gdgnonstrate that the 30 crude LD produdgtpof DP 2 can be subjected
t oconti nuouscodi stillation with an appropriate gdf tforcollecting LD
product. EXAMPLE 16 35 nple 1 S repeated,
~except that 116.87 g o : S. 1€ Ver 3. Urs at a constant
pressure of 53 torr. Theldrude LD col | ecBES after mashﬂﬁé)and drying

wei ghed 28.43 g. After thgAaddition was s8@ped, a secodg cut was taken
singe, the distillation continued for thher 1.0 h5 The sec- ond cut
provided 14.83 g of crude’LD after mashiﬁg'and dryi ng. ?ﬂe first cut,
during the continuous adb3Aion, calcul ate® as 70. 7% of OK€@5Yy, negl ecting

inpurities, and the secogg cut calcul ateszgs 14. 3% of theory. A nma- 40
terial b#&fance of 103% vva_r_T‘F_TF_?s oun or € na ar kK y"1_b'%"n_ene materials. The
two cuts were assayed E?‘abc with the fol P ng resul t s?7PABLE 5 45 GC Assay

onemf€ Procedur gy,pf Ex

(wt-9% Conponent Cut 1 Cut 2 L[err]A

15.0 The overa eI% efore purification was calculated §t &.6%. These results demonstra% tﬁatltrD
63. 5 30 crudelLDprod 01 ié be subjected to continuous codistillati@n with an appropriate solventfor coﬁ%cl‘h@
3.8 LD product. 0. 85 0. 90
Tot al 8. 88 86.6 9 EP 0 552 226 Bl

Finally, thepgdMALE 1p0ttom assay reveal ed the presence of 2.9% LD and 0% f or
Llerr]A, L2A and Lferr] A _

35 The procedure of Example 15 was repeated, except that 116.87 g of DP 2.13 feed was fed over 3.0 hours
ata constant pressure of 53 torr. The crude LD collected after washing and drying weighed 73.43 g. After the
addition was stopped, a second cut was taken since the distlliation was continued for another 1.0 hr. The sec-
ond cut provided 14.83 g of crude LD after washing and drying. The first cut, during the continuous addition,
calculates as 70.7% of theory, neglecting impurities, and the second cut calculates as 14.3% of theory. Ama-

\_/ 40 terial balance of 103% was found for the LA and alkyl benzene materials. The two cuts were assayed by GC
with the following results:
ABLE
45
GC Assay
(wt-%)
nent Cutl Cut2
5 LA 15.0 0
LA 5.7 3.6
1D 63.5 78.7
L3A 0. 0
% AB 3.8 3.4
Hy0 0.85 0.90
Total 8.88 86.6



EXAMPLE 17 5 The LD fromthe first cut 'of Exanple 16 was recrystalized In
dry methyl isobutyl ketone (M BK), %ga #sgﬁgfg‘larat ed byfiltration, and the
MBKfiltrate stripped on a rotary ev % Thefiltrate resi duewas
conmbined with the still bottomfrom Exarrpl e 16 by m xing and heating
briefly at 120Fieaily]thelsti) petiom]aghay Wivealegithepreserep of 2:f%D and 0% ey LiA, kA:aMd b was
2.37. The m xture was reconstituted to a DP of about 2.0-2.1 by m xing 2.96
m of hot fJE2AMPREATc 10 acid (85% L-1actic aC|d) ThIS reconstituted

m xture %sayedb GCto be 5 1(VLerr A 49(V e

bal ance of the E“H?ﬁ’ﬁ L;? "ﬁ!—é& m"Dd
than‘\% The® o) and |n rlef ?&? g |§rﬁ'ﬁE ' h
i n Exanpl jt‘ﬁrat 1 by riBdng - St Fee ic
process %S 8 Béé' Y CJn §ef p.n€
LD, which aSﬁg sq,,gﬁ Rfido ”L.A AR thaFS 4 eS t ability to
recycle stil I?ﬁgr r&ieﬂ&l%@re cydled iRfhE (8 set BFtR Mitkdmple 6. w\kfg‘ﬁeé-ﬁrﬁg
The still bog M%o@éfe&i jtér Ho IpfoBest @ Fodlahddieds i61R k£341g/of HEHidb, white crystalline
reconsti t ut egh, Whiti hsskyel dt 5577194 L&’E&é&@dnhkﬁt@erﬁ&hs@a@%e@hm@ todecgcld still BEtebmE RlpFodGLei N
a second 1secguak.a,a|ﬂr5uua|_ej mlar manner, a third recycle was perforned at the
end of the second recycle using its stl |1 bottonms and purification rejects.
The results EMPLESM®-t8 e setforth below TABLE 6 25 Crude LD, (a) GC
Assay, LD Yi el d/ Cycle, (b) Exanple Recycl e per cent of

t heory wei ght Tieesti bettoms and ppeficgmmrequ:s fromdryanple] J were reconstituted wish additional 85% LA to
70.7 20 aDP of 2@2.1gand reused in a second recycle] p aginiligr mapner, a third recycle was performed at the end
52. Q/ of the secpnd ngcycle using its still bottoms andpurifjcafion rejects. The results racorded are set forth below.
63.7 76. 4 48.7 19 3

68. 3 66. 2 Avg.

62. 5 70.5 ) [Wei ght of crude

dlstlllatélwmght of starting materi al x 0. 889] x 100. (b) Qnotai ned by
mul ti plying colum 2 (crude LD) l@fu&q_,b'@ 3 (@ my 40 Tﬁg_ﬁzld@yzggﬁ)ent
i ’ f theon

(Wm-9% 45 =XA0RLE  Re clel © T berce e I'hdieht percen

AB  GC Tot af48 ' . )

3.8 £9.6167 9 130 707 55 658 71 46-5 0
trace 89. 5718 1 12.0 529 5.0 71.0 76.4 37.5 0

1.5 94.9_.50 19 21.0 66. 2 43.7 trace

2.1 93. 31&he above 2t abul at ed rﬁ%& ts derﬁ)nsﬁt‘?at e that the inventive
process can bd9conducted in a conti688us re- 596.2ycl e manner 4%% h

substantiml |y no drop Avw LD yi el d agslsno apparemg.s!| oss of mate3i®l . The

, 0,

Brosess b e Pt Wl daet Rt 0 0% 1
(b) Obtained by multiplying column 2 (crude LD) by column 3 (assay).

\_/' 40
TABLE?7
Component (wt-%)

45 Example LiA LoA L3A AB _GC Total
16 15.0 5.7 65.8 0 3.8 89.6
17 13.0 5.5 71.0 0 trace 89.5

o0 18 12.0 5.0 76.4 0 1.5 94.9
19 210 4.0 66.2 trace 2.1 93.3

The above-tabulated results demonstrate that the inventive process can be conducted in a continuous re-
65  cycle manner with substantially no drop in LD yield and no apparent loss of material. The process when run
continuously should provide LD yields exceeding 90%.

10



1. A nefhod for making lactide (LD) [3,6-dinethyl- one]
from aqueous lactic acid feed en- jched in Iactlc and
lactic acid dinmer ([err]), which conf)"r?%sgggéﬂ]eatl ng m %’l‘j&ﬂ‘

water therefromuntil the treated feed has a degree * en - |n a

range of fr%aims59 to 2.63 as neasured by titration, and t hen ceasing said
treating to nmake a crude | actide product; and separating lactide fromsaid

crude |acti de prreathed for making fectider(kR) scﬁ"“?,thlér" mdﬁ”‘%ﬁ'é’ﬁé#%°1§‘a'?‘aq‘{°ﬂ€aﬂ'?ﬂf'd feod en-
sel ected &rom H@'H%’l"H ig i) apddastic Lg/gwhich

etter
whi ch-.pr ef tial fPatingsaldfeedfo fof theref ‘i!i"it FrE? k&ﬂsa"
The wet hod of df ge oot @%mz@%@mﬁ&w SN T i i
anhydride or a ?se aram%cﬂdem cg%gl %de cQrecedl ng cl ai mwherein said
0 wat

separati ng I's by on |ng, frac- tional

distillationg, &Qhétmatof@aihnamrhnaam ﬁﬁdnﬁ@két’é%ﬁii from Géating dtleleiatetitténiperatube, addiien of
net hod of cl ai rawhtergéttepwiichSprdfélenbisily dsadts wWaiiwaterCdnD uskigean bamdiiy meinsrériel | at i on. 20
6. The nethod of claim5 wherein said distillation is conducted utilizing a
codistill ati®n The guhhod:ofsleim%mereiﬂald thef getiertipoae ermare of pRanhydide erakataks 5

codi stil I,at [ on sol vent co es an al k ene

wherei n sai d* 1“%% '"¥ sr?P?'%t “ PY)?IB%’B%%%’?%%“WS hf?ggecyl
ben- 25 zéﬁ al diptjliation, ojve 8 ?gtﬁ’@ ﬁ°&i"’Pﬁ APEERer cof . 9. The method of

any precedi Ng Gingimdin¥d\& ciain 4 WHaRinGh Ispatalibritbdhrielis fydRemasbi.ch LD has been
separated is reconstituted to have a DP of less than 2 and recycled for

addi ti onab te.edhb mgthodd claiir(s whibtein sald tilalidtianfis ehducted dtiliziog a erdiefiliationl czganic skive(it_D)
[ 3, & di nethyl - 1, 4- di oxane- 2, 5-di one] from aqueous |lactic acid feed enriched

in Iactic achd The &eihpd of slaien § whereinsald codistiliatian.ojvent sgmprises gn d'@ﬂPﬂ‘FﬂB In
hi gh | fl
neating atel Bvale tr@é‘; 4ol et %ﬁzﬁ‘%{g&%ﬁ?ﬁe#‘r“&g Sl bR o fin ©

feed has # degree ' o ynerlsatlon I'n-a range of from1.59 to 2.63 as
measur ed by #.i tThairiethBd of af\chrécadiy ofdim wherein the&rade 1 peaaiud frove arhitiric lias bepn sehacted is
crude | actide pecstiited tahete 8 BPaf ledsithag 2 landxbeyded for aidtional tbatingude | act i de
product. 11. The nethod of claim 10 wherein said heating is conducted under
vacuum 1g. TheThewethodiof sipim:] fer makinglaglide (L) [H6-dimaflybt doflipxane:, ﬁ'dﬂ‘é%f'?'ﬁg‘r‘a: ?ﬁ‘

t enperature in gclddeed @f"r“iﬂﬁ%&ﬁ&‘u@ai@@t"’wd'm""“—z@@fEﬁp ¢in higher oligimer

of anyone of claﬁldn'srAh‘ﬂ’qhdm!l”ZW?erel n the c de LD product f !.I
beensepar at ed |s rest'?i E‘qslalf ﬂmﬂ'ﬁatﬂ%ﬁfé' mg\sﬂas %e "" I§‘§Zor
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1. Verfahren zur Herstellung von Laktid (LD) [3,6-Dimethyl-1,4-dioxan-2,5-dion] aus einer wéRrigen Milch-
s#urevorlage, die an Milchsaure (L4A) und Milchs&uredimer (L,A) angereichert war, wobei dieses umfaft:
50 die Behandlung der Vorlage zur Entfernung von Wasser aus dieser, bis die behandelte Vorlage einen Po-
lymerisationsgrad im Bereich von 1,59 - 2,63 besaR, wie mit Titration gemessen wurde, und danach Be-
endigung der Behandlung zur Herstellung eines rohen Laktid-Produktes; und
Abtrennung des Laktids aus dem rohen Laktid-Produkt.

im7

s5 2. Verfahren nach Anspruch 1, wobei die Behandlung ausgewahit wird aus Erhitzen bei erhhter Tempera-
tur, Zugabe eines Wasserféngers, der bevorzugt mit Wasser reagiert, und Verwendung einer osmoti-
schen Membran.

3. Verfahren nach Anspruch 2, wobei der Wasserféinger entweder ein Anhydrid oder ein Ketal oder beides
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wur de. Revendl catl ons y . NEt hode de fabrication du | actide (LD)
[ 3, 6- di nbt hyit, 1Veﬂfaﬁ+brmaamﬁpﬁcld10m]a|désaatz*eh Im \ikuum qurobgkfilhrt witd.al i men- t at i on
A base ddQCI de | actique aqueux enrichl en acide |lactique (L1A) eten di TE.€
de | ' aci de | 8%t Yeyiakre @Qmonspfqﬁh109%%‘&?‘?&'“?%“'5’%?%%17?!“%5‘{“ relghyypn ptwa 150°-
d'al i mentation %?éti-‘re 19861 | miner |'eau jusqu' A ce quo lo produit d'alinen-
tation trait o G0 R 0 7. Wl IR ULB PRRIG ok it £ b
intervalle aftal a'ﬁ E%"?onﬁént’?r s 2 wiedethbFgSstellt Ul Edi»‘tz bn BehaHdiuRgFackgef BRI
obtbnir ug pro de bru l'a separation du lactide dudit produit
| actide brut. 7\/Bt hode solon |a revendl cation 1, dansel aquelle
ledittrater rrent oet stlectionné parm |e chauffage at em p6rature 6l evbe,
| ' addi ti on drgébndicifiods €aU qui reagitde pr6ference avec |'eau et
| "utilisation d une nem 50 brane osnotique. 3. Methode solon |la
revendi cati on, 2metdése e fabritatidh deladtidél{Lb) [B6-giméthyleia-dicxad-2,5-diona]ia partirsitun produitd'alimen-
| es anhydri des wtionabaseaiatias actiqueiqueudenrictltacideliectighalinAbaten dimdrk ded'aejdedactius (LA),
revendl cat bons queompreacedent, dans laquelle ladite s6paration est rea-
|i see par un ou pl Ugtrs@msntdwppnmwtqyanmurqné"mlaera jusgu'a ga gue le praguij d'alimeg-
di stillation frtationteaitaitun degrésg pelpmérisatipn; mesyed pac ipgeapitus dag Fiptgrvalle allant de 1, 594263,
recristal fi sat i ouieNgerbt dudiy tratament pour objepirinpecdyitiagiide bryt #tevendi cation 4, dans
| aquel | e | adite techaéngmtionfy lactideduditaresyit lactide pryt- o st j | | ation. 12

2. Méthode selon la revendication 1, dans laquelle ledit traitement est sélectionné pammi le chauffage & tem-
pérature élevée, 'addition d’un pidge & eau qui réagit de préférence avec I'eau et l'utilisation d'une mem-
&0 brane osmotique.

3. Méthode selon la revendication 2, dans laquelle ledit pidge & eau est un ou plusieurs parmi les anhydrides
ou les cétals. '

55 4. Méthode selon une queiconque des revendications qui précédent, dans laquelle ladite séparation estréa-
lisée par un ou plusieurs des procédés parmi le lavage  I'eau froide, la distillation fractionnée, I'extrac-
tion par solvant, et la recristallisation par solvant.

5. Méthode selon la revendication 4, dans laquelle ladite technique de séparation est la distillation.
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ost % €eycl d PO bbiBneiehityidhkahd, i I6ufs mddhgedVEt hodo sel on I'a revendicati on
| pour la fabrication du lactide (LD) [3,6-dinhthyl-1,4-dl oxan-2, 5-dione] A

partir d'un gr outtiote sdloalirieraeidonduie des révelidicationd qui pribekderit, densiagualie laqvw%Déwt. el
en aci de facti qnjd)t{dﬁsi):aréstestmw@ﬁtuédefamréﬁwen BIRinférieyrd 2jet et sroydiapour &re & pguvesyt
appauvri en ol |t@tb€meres superl eurs de |'acide Iacthue (LA) qU| corrprend

le traitement dudit | | rrent | L3 HhS
ggc Qéis en c Fg gﬁeten

ol evea pour ¥n "@ﬂ“] %% b.se
chauffe gkt un . ui
| mtbrvglkle al é%f acif argr u |t chalij?cpgge pour h

u |td'a|m|%HIion pafun cﬁau?fﬁ‘dl%&éiﬁﬂéﬁ[h%vk@f&;i Sslinimeh t

produire un pro
produl t lacti dgglr .':!gh '3 liMEritation ﬁuﬁé&ﬁ%ﬂ&ﬂg&%b&ﬂn&&htmﬂ%ﬁn& Fetiegb,

l'edit chauff ag%-tﬁ?&an&ﬁrﬁéhuu& a|li9tlh% 1\68 202,63, 2Ris rrebt duie ERAQMkRe HEUr Praduird un produit lactide
revend| cabion lytopt 11, dans l'aquel I e |edit chauffaga est conduit A une

erature si- tUGPsspaatfon bl ledtide Busk blotuitdctigtrutd’ envi ron 1500 A 2250C. 13.
hode sol on uno quel conque des revendications 10 A 12, dans |aquelle le
pr odult br ut 11 DMéthbdesaidn I @Ven@%!ore‘toedaye'pweﬂﬁ ledikohauffage paiaondult gpug wide- agon A
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' tude dans ervalle allant d’environ 150° & 225°C.

13. Méthode selon une quelconque des revendications 10 & 12, dans laquelle le produit brut LD, duquel le
LD a été séparé, est reconstitué de fagon & avoir un DP inférieur & 2 et est recyclé pour étre traité a nou-

30 veau.
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