21 JUN 2006 -1- PRODUCTI ON AND USE OF H GH_MOLECULAR VEI GHT ALI PHATI C

" POLYCARBONATES FI ELD OF THE | NVENTI ON 5 The present invention rel ates to hi gh
mol ecul ar wei ght aliphatic polycarbonates and a process for theiy jyN %g
.manuf acture. SUMVARY OF THE | NVENTI ON A process for the production of

nol ecul ar wei-ght al i phatic pol ycarbonates is 10 disclosed. The process
entails a first stage wherein a | ow nol-ecul ar weight aliphatic polycar bonat e

is prepared and a secopg st A i 3 %hﬁtﬁmht al i phatic

pol ycarbonate i s condens
transesterification proce i werght al i phatic

pol ycarbonate. The resulting hlgh nDIecuIar melght al i phatic pol ycarbonate is
15 suitable for the production of extrudates, films and nol ded articl es.
BACKGROUND OF THE | NVENTI ON ThEIWLB@H:THWENBI@NDI ecul ar vvei ght

di ol -t erm.nat daI| atlc arb nan in r.ial | e as

f eedst ocks f etﬂ{gsegp’d’aﬁ%ti g‘?%@kﬁ@ﬁ’é&’eﬁ t% CP?b("éF gurateg e :
production Ofanld rgpgsg@&ltg&r ﬁ\ﬁhﬁ;ﬂ&ugé ol -term nated aliphatic polycarbonates
i n honpgeneous phase from chlorinated carbonic acid esters and aliphatic
diols is described for exanple in DE 2 447 349 A The production of such
pol ycarbonates in the phase hg I orinated carbonic acid
25 esters and aliphatic d|oI {53 ' 2 MNe in DE 2 446 107 A In
addi tion p anpl e
descri be theggﬁ%gﬁsgft%?gﬁ 5 suc %’/ﬁ glggrtwgggﬁpalg%ttrlgﬁ&é{%gﬁ)l t?sggti on

process fl0omdigdedednTle @ocats estadds a ﬁ;mdtagb wieadin @ lev ahcdecudst wdightt hese

processes hav? hn co n the feature that the maxi r’r}Jm wei ght - aver age
aliphatic polycarbonate is prepared and a second stage where the [ow molecular

weight aliphatic polycarbonate is condensed with diaryl carbonate in a melt
transesterification process to form a high molecular weight aliphatic
polycarbonate. The resulting high molecular weight aliphatic polycarbonate is

15  suitable for the production of extrudates, films and molded articles.

BACKGROUND OF THE INVENTION

The production of low molecular weight diol-terminated aliphatic polycarbonates

on an industrial scale as feedstocks for the production of polyurethanes is known.
20 |
Thus, the production of low molecular weight diol-terminated aliphatic
polycarbonates in homogeneous phase from chlorinated carbonic acid esters and
I aliphatic diols is described for example in DE 2 447 349 A. The production of
such polycarbonates in the phase boundary process from chlorinated carbonic acid
25  esters and aliphatic diols is described for example in DE 2 446 107 A. In addition
DE 2 523 352 A, DE 2 546 534 A and DE 10 027 907 A1 for example describe
the production of such polycarbonates in a transesterification process from

carbonic acid esters and aliphatic diols.

30  All these processes have in common the feature that the maximum weight-average

molecular weights My, of the polymers are 15,000 to 20,000 g mole”. Preferred



nol ecul ar weights M of the polyners are 15,000 to 20,000 g nole'. Preferred
-2 nol ecul ar weights for industrial use as feedstocks in the production of

pol yur et hanes are between 350 and 3000 g nole 1. 21 JUN 2006 Further reaction
of the | ow nol ecul ar wei ght pol ycarbonate polyners that.can be 5 obtained in
this way to form high nolecul ar weight, purely aliphatic polycarljongiegpas
not hitherto been described, although it2would be very useful on account of
the considerably nore favorable cost structure due to the use of cheaper

NDNOMErs t 0 hRNEATA vwadi SR FdrGndistrihl B cfebddiodksidite ROducEn RPnat es by
correspondi ng aliphatic raw materials. 10 H gh nol ecul ar wei ght

pol ycar bonat @slywrethanss ersthetweensiityand 3960 gmeolbl ocks have up to now been
described only in a few special cases. For exanple, EP 000 060 Al describes
t he production of high nol ecul ar wei ght polyether co polycarbonates. In this

case | ow nol gohtharred@ioahis IROoWAhKLLEREWEEhES01JERbSnaAE FolyherBV@htyed to
bi schl orocarboni c acid nonoaryl esters extendéd via car E;onate groups. These

are reacted bobraitedriniis Wapits frentols ntodechitar meapghtymirklyl abipkatoxi de di ol

bi s-di phenol carbonat es ext epnded vi a car bonat r oups, [ch are en
condensed i R° yﬁ@%ﬁﬂﬁg%h%dl?ﬁ85??%?‘??8&%”&&35’@&%5%5@% eBF’%’ﬁﬁ%‘%ﬁ‘gl s to form
pol yet her  pgh¥eafiRPBAfHE Sond@drk E%o;@ﬂtf%%rm&égﬂgﬁnﬁ@% diRkE e RE o€l ght s of

250,000 g 20 nole -1 are obtal ne i's conplicat t hree-stage process. A

di sadvant age cheapehmonémets t6 hepiladehaeoradti qiingh imm]etudar tw aight poiyparbodsteabg
restricted to polyal kyl ene oxide diqls. Furthernore it is not possible to
produce hi gh SHBFERRfR DafisTaWIPRtENa)s. a1 i phatic pol ycarbonates in this way.
25 US 3 11 615 described the production of high nolecular weight
1, 6--hexanedi ol copol ycarbonates. In a first step a | ow nol ecul ar wei ght
1, 6- hexanedi #ligh polecatar beight olysarbonatectwiily ahplsaticipadychrionhexdoddihabe wi t h
phosgene in pyridine, the . . '
up to now been described only in a few special cases. For example, EP 000 060
Al describes the production of high molecular weight polyether co-
polycarbonates. In this case low molecular weight polyalkylene oxide diols are
15  converted to bischlorocarbonic acid monoaryl esters extended via carbonate
groups. These are reacted further with bisphenols to form polyalkylene oxide diol
bis-diphenol carbonates extended via carbonate groups, which are then condensed
in the phase boundary process with phosgene and bisphenols to form polyether
polycarbonates. Polymers with maximum mean molecular weights of 250,000 g
20 mole” are obtained by this complicated three-stage process. A disadvantage is the
fact that the aliphatic starting compounds are restricted to polyalkylene oxide
diols. Furthermore it is not possible to produce high molecular weight, purely

aliphatic polycarbonates in this way.

25 US 3161 615 described the production of high molecular weight 1,6-hexanediol
copolycarbonates. In a first step a low molecular weight 1,6-hexanediol
polycarbonate is formed by reacting 1,6-hexanediol with phosgene in pyrnidine, the
resultant polycarbonate then being reacted further with bisphenol A
and phosgene. However, it is not possible to produce high molecular weight,

30  purely aliphatic polycarbonates in this way either.



resul tant pol ycarbonate then being reacted further with bisphenol A and
phosgene. However, it is not possible to produce high nol ecul ar weight, 30
purely aliphatic polycarbonates in this way either. 21 JUN 2006 -3 A

di sadvantage in both these cases is furthernore the fact that thgiugk 200
phosgene for industrial reaction purposgs is difficult and conplicated
having regard to the considerable safety risks and high material costs due

Lo corr ostony Rekaliad3h, GAR s ClLbRT LRERRELTNGL R Ghe Il iBLESY 2T

wei ght ali ph Ph®ot reac i OfP

1, 6- hexanedi @r ind\htridl ir€ickiygh pﬁ@bb@ﬁ@ﬂﬂ'ﬁuﬂdﬁ’fd @ddﬁﬂidatsaa{aaidgsllegaraqomeel d high
m)l ecul ar weight aliphatic m%/car bonat es, a base-bi ndi ng substance such as

for exanpl e poRsiarable pafetyaisks aed bighweateriad casiedde tocartasianeact i on i n t he
ol i gomer range. A 10 di sadvantage has proved to be the fact that, after the
neutralization of the catalyst, the transesterification can be continued

only to as|i DB pd3EBIEAEscribEsait bitRlucidPb f 16 anhivlecOl? vRXBRMIPBAIS 1t 1s known
that the achievabl e nolecular weight is |inmted to approxi mtely 28,000 g

mol e' . Howeveplycathengies. yhmr@errfalv@e nepstion of {or sxapplest.¢-heyamsdml ends only above

t hi s nol ecul oV ct.ion. of mxe hatic

pol ycar bonat g’seﬂ\}gﬁg%tﬁaflﬁau{l aﬁfagl Pagxs @Y@g?ﬁ‘b@h myleShlar pete t"a#\%l? oducti on of
hi gh ol ecul g 613\6@395&@ b%@éb1ﬁhin§@%ét&nd@%h&’l§§sfﬁ?@ﬁéxﬁ efphemyl cyclic aliphatic
carbonates is described in EP O A2. Cyclic aliphatic 20 carbonates

are pol yneri zleldrqfﬂmaatc m\gthmaiduedg) thelreaction iptleyatigoimearanga. Wi t h
organonetal li,c f e but I fum,.jin t e presence
of  apr oi c S’r‘s@‘g %%3%8%&"&3{% %‘FE?%??@%W&E%‘? 1?921°§?rﬂ§rrﬂ§e %t‘[‘% Yol ecul ar
wei ght's of UpseltPantelertQtion B71 Be &orﬁﬁﬂe@@nl?@& aipgebdl e’itctnli” Brofhe A di sadvant age
withirelatively' large-scale batch production is that this process has to be
carried 25 oapplippnishoer exberments jhod kv that theachindable trivéecalss oteigls iexcl usi on
of . at mospher lifhited to approximately 28,000 g mole”’. However, the polymers have useful
viscoplastic properties only above this molecular weight. Moreover, the
15  production of mixed aliphatic polycarbonates according to this process is not

described.

The production of high molecular weight linear aliphatic polycarbonates from
cyclic aliphatic carbonates is described in EP 0 236 862 A2, Cyclic aliphatic

20  carbonates are polymerized in a ring-opening solution polymerization with
organometallic catalysts, such as for example butyllithium, in the presence of
aprotic organic solvents to form polycarbonates. Polymers with fnolecular
weights of up to 120,000 g mole”! can be obtained in this way. A disadvantage
with relatively large-scale batch production is that this process has to be carried

25  out by an exothermic polymerization under the absolute exclusion of atmospheric
oxygen and moisture and at temperatures of -50° to 0°C. The range of
commercially available cyclic aliphatic carbonates is however limited to a few
special compounds such as for example ethylene carbonate, propylene carbonate
and neopenty! glycol carbonate. A production of mixed aliphatic polycarbonates

30  isnot possible according to this process.



oxygen and. noi sture and at tenperatures of -50 to OC . The range of
comercially avail able cyclic aliphatic carbonates is however limted to a
few special conpounds such as for exanple ethyl ene carbonate, propyl ene
carbonate and neopentyl glycol carbonate. A production of MXed%qIJiUQBWEi C
pol ycarbonates 30 is not possible according to this process. -4 I 2006
Agai nst the background of the prior art the problemtherefore exists of
providing  apgdiheOie baslakechdsAREHSorf A the peobadnGtiRa cakishirglovimhgcul ar
wei ght aliphatic polycarbonates containing aliphatic polycarbonaté bl ocks
that is suit abhkacdmoplicatedipmeepss farrtheprodacticarafdugh miclqohiar ineight elishatis st arti ng
materials and at the sane. tine ffers the possibility of. oduci ng m xed
hi gh nol ecul 8?&%@?’ﬁmtesacrclnﬁﬂﬁllnfg@ﬁplgﬁcﬂ)(?}cﬁghﬁg@}io#‘ﬁidéatd%f‘ﬂ@g[arf%asur prisingly
been solved ol Hemb¥QiShAdss AIPAIHC BioRhsRELERS fatFRECIHA A thd Qnfdifnd Nvent i on.
10 DETAI LED CRI PTION OF THE I NVENTI ON The” present 1 nvention provides a
process fdr vpHersphepossitilaty offpraducpigatixed hjghl melacienwtight algpitadc ni ng al i phati c
pol ycar bonat e gll ocks. In the first stage of the process characterize a |ow
mol ecul ar weP§ PargPP‘ﬁFﬁati c pol ycarbonate is prepared, 15 which pol ycar bonat es
are in a second stage is condensed according to the nelt transesterification
process to form high nol ecul ar weight aliphatic polycarbonates. Low
nmol ecul ar weilhistobgtat phaturpripogly bacbariatddsy tha tvhatage psahictionpteexts have a 20
mean, wei ght-aveé.age ﬁ}él.ecul_ar wei ght of 300 to 20,000 g nole-'. High
nol ecul ar wePEFIEEIHHEIR¥ENN8 Py car bonat es are those having a nean wei ght
average npl ecul ar wei ght of 20,000 to 500,000 g nole-. These values are to be
regarded as exenplary and notexcl usive,

DETAIJLED DESCRIPTION OF THE INVENTION

The present invention provides a process for the production of aliphatic

polycarbonates containing aliphatic polycarbonate blocks. In the first stage of the

process characterize a low molecular weight aliphatic polycarbonate is prepared,
15  which polycarbonates are in a second stage is condensed according to the melt

transesterification process to form high molecular weight aliphatic

polycarbonates.

Low molecular weight aliphatic polycarbonates in the present context have a

20 | mean, weight-average molecular weight of 300 to 20,000 g mole”. High
molecular weight aliphatic polycarbonates are those having a meén weight
average molecular weight of 20,000 to 500,600 g mole™’. These values are to be

regarded as exemplary and not exclusive.

25  Within the context of the present invention the molecular weight or mean
molecular weight of cligopolymers or polymers is always understood to be the

weight-average molecular weight unless specifically stated otherwise.

The aliphatic polycarbonates are identified above and hereinafter as those with

30 aliphatic groups at the carbonate oxygen atom bonds. These aliphatic groups may



25 Wthin the context of the present invention the nol ecul ar weight .or nmean
nol ecul ar wei ght of ol igopolynmers or polyners is always understood to be the
wei ght - aver age nol ecul ar wei ght unless specifically stated otherwyseynTog

al i phatic polycarbonates are identified above and hereinafter as those wth
30 aliphatic groups at the carbonate oxygen atom bonds. These aliphatic
groups may 21 JUN 2006 -5 however be coupled entirely via aromatic

groups/ r adi gahevade RagledeniiRIAAMRIhaic SoOMPRIRER Mi168L4d o Beadcto the
car bonat e oxygen at om bonds. processes for the production of the | ow

mol ecul ar wer@ips amd dipistlyibousd psothy carbboataoayganetemdonids.st st age of the process
according to the invention, there may in principle be used all processes
known in the prior art for the production of polycarbonate diols. Such

processes argy ﬁ@é&éés%ﬁthfe%ocﬁ?éﬁaﬁ)thHeﬂo&hﬁolE&ilMigﬂt alfpRkd cations: DE 1 915
908 A, DE 2 447 349 A, DE 2 446 107 A, DE 10 027 907

Al , EP1018504Awadsaaest BhEFi2g 2722 Bf theg et 84@48Jing (o Hevurventiong these pr ocesses
in which th%LfE),r.odu.ctj g% of Ehﬁ al i phaﬁ(inc gol car bonatfes is carri eg out
wi t hout t he el OHR n‘@f’e‘r‘?@ AP PTOTeatas kpeyn I HEREIqr 4gy fge e RTodyslier ot ul ar
transesteri t } I S i i P i : are
descr bed | §oLE T oBAERAE AR bl s GO BRI L RB R o MIERIE )05 352
A and EP 1 Q@pgliGiénA DR A6 O68 N, ME £ d47 B9 gy, B2 4461 07 he DENVEART 607 t he | ow

nol ecul ar wej g al jpphatic I rhonat e ] xed_in second stage in an
‘inert gas at%%g’h]e{)goﬁ‘{ﬁ’ W@B?f&g%gﬁﬁgafg@a@m&?‘?ghdl f:&‘/d'%ﬂgi- phatic diols
and ar € 160N4eRI&AL st ProdRE&s %Qﬁi&fthégro‘aﬂéﬁdryéfttgﬁﬁﬂﬁﬁﬁﬁg olycarbonatds Pressure
at tenperatures of up to 150 to 320C, 20 preferably 160 to "280C and

parti cul ar | ys parsedpatbiiyhde theask of §Bosgane 22 ferratdThése thelddoiyar yl conponent

thereby forned.is distilled off. At all.tinmes the . pressure is selected so
that the hydPRBPEF WRIRES RN PRGESHRS Witk Pﬁp@a asxﬂfcgesters, such as are

described in DE 1 915 908 A, DE 10 027 907 A1, DE 2 546 534 A, DE 2 523 352
Aand EP 1018 504 A.

15 _

According to the process of the invention, the low molecular weight aliphatic
polycarbonates are mixed in a second stage in an inert gas atmosphere with diaryl
carbonate and optionally aliphatic diols and are condensed in the presence of a
catalyst and under réduced pressure at temperatures of up to 150° to 320°C,

20  preferably 160° to 280°C and particularly preferably between 180° and 220°C,
and the hydroxyaryl component thereby formed is distilled off. At all times the
pressure is selected so that the hydroxyaryl component may be distilled off
without any problem. This pressure may vary from 1000 mbar up to the high
vacuum range, depending on the component that is to be distilled off.

25
The present invention also provides the high molecular weight aliphatic
polycarbonates per se that are obtainable in this way, which are characterized by a
good property profile, namely a good viscoplastic behavior with a weight-average
molecular weight My, of at least 30,000 g mole™, preferably 35,000 g mole™, and .

30  the use of these polycarbonates for the production of extrudates, films and molded

articles, and these extrudates, films and molded articles per se.



wi t hout any problem This pressure may vary from 1000 nbar up to the high
vacuum r ange; dependi ng on the conponent that is to be distilled off. 25 The
present invention also provides the high nolecular weight aliphatic

pol ycarbonates per se that are obtainable in this way, which are
characterized by a good property profi-lee, nanely a good viscoplagﬂth?mm
behavior with a wei ght-average nolecular weight Mv of at |east 30,000 g

mol e, pref eThdtadicabd &iitiehsyphrameteddghd3kpldhatioisepioén iRser betcitdebinat es for
t he production of extrudates, filnms and nolded articles, and these

extrudat es, 8¢1cH Ay ol Hesdersadiiapgassngetlse be cargbiped atpijrarip vgthene r adi cal

definitions, net ers and expl anations. given-.abqgve or reingfter in

general  or i@ SR ARIER SRRt HRSs BidGRLRRR Tt RET BT 4T 1 ) i o
one anot her approjriat®fl theeAd RAINER 2D Q&L ¥ & fRNBES SIS alt Bit@he8ftd anges. They
apply as appropriate to the end products as well as to the precursors and

i nt er mediZat ep®dpets dud fos pagressesas pred e praossagdensel | as process steps. For the
first stage of the process according to the invention suitable aliphatic
diols are those of the fornula (1) 10 wherein HO T-]"OH (1) n is a nunber

between 1 angod@e firflstlbeodMeprdcdsa@rdng tr@e inventian kit eiigialt Wiols 15 to
45, and T denotes a branched or |inear, Ssaturated or unsaturated al kyl or

cycl oal kyl r amgitbese of thenfoannlar(f) 3 to 20 carbon atoms. Preferred are saturated,
linear alkyl diols with 3 to 15 carbon atons, particularly preferably with 3
to 10 carbon atoms, nost 20 particularly preferably with 6 to 10 carbon atons

and espeppally also with 7 to 1Q[Cearjpon at oms.(I)
wherein

n is a number between 1 and 100, preferably 1 to 80 and particularly preferably 1
15 to45, and

T denotes a branched or linear, saturated or unsaturated alkyl or cycloalkyl radical
containing 3 to 20 carbon atoms. Preferred ére saturated, linear alkyl diols with 3
to 15 carbon atoms, particularly preferably with 3 to 10 carbon atoms, most

20  particularly preferably with 6 to 10 carbon atoms and especially also with 7 to 10

carbon atoms.

The following may be mentioned by way of example but not exclusively: 1,7-
heptanediol, 1,8-octanediol, 1,6-hexanediol, 1,5-pentanediol, 1,4-butanediol, 1,3-

25  propanediol, 2-methyl-1,3-propanediol, 3-methyl-1,5-pentanediol, 2-
methylpentanediol, 2,2,4-trimethyl-1,6-hexandediol, 2-ethyl-1,6-hexanediol,
2,3,5-trimethyl-1,6-hexanediol, cyclohexanedimethanol, neopentyl glycol, etc. and
polyethylene glycol,'polypropylene glycol, polybutylene glycol as well as
polyether polyols that have been obtained by copolymerisation of for example

30  ethylene oxide and propylene oxide, or polytetramethylene glycol that has been
obtained by ring-opening polymerisation of tetrahydrofuran (THF), and dihexyl



The foll ow ng may be nentioned by way of exanple but not exclusively: 1,7- ,
hept anedi ol , 1, 8-octanediol, 1,6-hexanediol, 1,5-pentanediol, 1,4-butanediol,
1,3 25 propanediol, 2-nethyl-1,3-propanediol, 3-nethyl-1,5-pentanediol, 2-
met hyl pent anedi ol , 2,2, 4-trimethyl -1, 6- hexandedi ol , 2-ethy|-1,6-? X @g&{ol,
2,3,5-trinethyl -1, 6-hexanedi ol , cycl ohexanedi net hanol , neopentyl EN@ ﬁ etc.
and pol yethylene glycol, polypropylene glycol, polybutylene glycol as well

axampl e’ 30 oFhoh WYEUCHER AR EREPOBE ARGE b AOEA X RII AT [PV co

t hat has beeof valouaidivdd by ring-opening pol ynmerisation of tetrahydrofuran
(THF), and di hexyl -7 21 JUN 2006 ether glycol, trihexyl ether glycol and
tetrahexyl ether glycol as well as m xtures of various diols. There may

R L Tk L

val er ol ac3 ongf) wefhdactoi® (¥eér digls) &icktabl férex@inple@pebl@dtonepvilerdlagbenes, an
initial transesterification of |actones and diols not being necessary. There

may al so be Eseds WeB aaadkiures®f pheodiolstwitlokaciones, gh dnigaltemsesterelicatian obr mul a (1)

10 with dica lic i.d uch _as for exanple: adipic acid, glutaric acid,
succinic acigggﬁgT%ﬁpﬁggéﬁasmggggﬁﬁ%gyesters of the dicarboxylic acids as

well as mxtures of the diols with dicarboxylic acids and/or esters of the
di carboxylic acids, an initial transesterification of dicarboxylic acid and

the diol s nofhereinry aheclesusad yhe adiitignarafents of tho diqledescabed i formiladhes and
di car boxyj | C@g‘_dﬁéar 8 ﬁgféll%?iasa gl%h“a%%gr %‘1@.%ﬁﬂﬁ?&'&ig}r%@é}-igg?@?&&@?‘i'é ol and

m Xt ur es” of exan capro?ac one "are used'in the

process accoadingalbaictadi, efey @nkiten.of 2k dicbieprneilisals wel anixnged af | y
preferably used. Suitable carbonate conponents for the first stage of the
process accotgidigls tathrdicarbexwie meids auglpr eders of fhechiasberatlicacidsi an faytal

carbonat es, ﬁL&Lt@Hﬁceﬁ%ﬁ%?ﬁ?gaﬁdsdxylic acid and the diols not being necessary.

15  Mixtures of various diols, lactones and dicarboxylic acids may also be used.

1,6-hexanediol, 1,5-pentanediol and mixtures of 1,6-hexanediol and caprolactone

are preferably used in the process according to the invention.

20 1,6-hexanediol is particularly preferably used.
Suitable carbonate components for the first stage of the process according to the
invention are diaryl carbonates, dialkyl carbonates, alkylene carbonates,
dioxolanones, alkyldiol bischlorocarbonic acid esters, phosgene or urea.

25  Didryl carbonates and dialkyl carbonates are preferred.

Diphenyl carbonate and dimethyl carbonate are particularly preferred.

As catalysts there may in principle be used all known soluble catalysts for

30 transesterification reactions (homogeneous catalysis), as well as heterogeneous




~ di oxol anones, al kyl di ol bischlorocarbonic acid esters, phosgene or. urea..25
Di aryl carbonates and di al kyl carbonates are preferred. D phenyl carbonate
and di methyl carbonate are particularly preferred. As catalysts theetgy in
- principle be used all known soluble catalysts for 30 transesterification
reacti ons (honmogeneous catalysis), as we§l as heterogeneous 21 JUN 2006 -8
transesterifrcation catalysts. The first stage of the process according to

the inventi eandeStepifiettinadatalygar Thelrsbithgd &f thbrdRefsRO6RIIAS toaRE al yst s.
Particularly suitable for the process according to the invention are

hydr oxi des, ~ Bvsriiereks prefsrably edroethontan dhe presanbonficatelystad or ganonetal | ic
conpounds of netals of main groups I, 11, Ill and IV of the periodic system
of the elenents, of subgroups 11l and IV, as well as the elenents of the

rare earth gpeHRularly sBREB1E €H1RE pfb@@%%%ﬁin&ﬁ tHd invéitionRe hgﬂ‘roﬁﬂﬂsﬁb- 10 The
follow ng may for exanple be nentioned: LiOH Li2C03, K2003, KOH,  NaCH,

KOVe, NaGve, oki§ermypeBsholaa)/gabenatGaadd da@onkGilli@aompTudsdf ndtalanf um

t et raal cohol ates or ter t hal at titaniumtetraal kyls, zi.rgoni um

tetraal cohol Efaé%,gm_f‘lpﬁﬁ&ﬁ? ﬁi}ﬁt@s&sﬂaﬁ Bt _ct’fy%%eﬂ? ?é@?&fﬂ_‘é}“&ﬁ: S H%Soxi de,
dibutyltin mehexVda wal 8dtheRidndntd &F R4 eart BYLY) thipari@Wrabsipolhdd

oxal ates, lead stearates, 15 antinony trioxide, zirconiumtetra-isopropylate,
tin, etc. |nofdadircPlarSnmangdiv.c aci ds such as for exanpl e phosphoric acid,

acetic acid, p-toluenesulfonic acid may furthernore be used as catal ysts.
Furthernore, in the first stage of the process according to the invention

there mayg 26mRouseidg Wy foRENanIE BEfeRtiohdde L | ﬁ?@@ gre R-3
denotes Cl1- CSO1 h?/droxglal Iyyl , -aryl or “ e{?ﬁkyl , (?ﬁp%e%?tdlgiu ar £\’Ithdijm’at hyl am ne,

trietylam neNaQH,iKOMgl BiaOhés, MgOHIMpéiy MefiVpOdxyCali BeO, KOt-Bu,
N ¥ et gt enel ey g ehers, duOlundecal ene oo
1, 3- bi s(N, N- dirrmicarbiatss i SHARARS, ABdyRY] ditHubfe, dibutyltin oxide, dibutyltin
methoxide, bistributyltin oxide, dibutyltin laurate, tin oxalates, lead stearates,
15  antimony trioxide, zirconium tetra-isopropylate, tin, etc. Inorganic or organic
acids such as for example phosphoric acid, acetic acid, p-toluenesulfonic acid may

furthermore be used as catalysts.

Furthermore, in the first stage of the process according to the invention there may
20  be used tertiary amines of the formula RjR;R3N where Ry.3 denotes Ci-Cig-
hydroxyalkyl, -aryl or -alkyl, in particular trimethylamine, triethylamine,
tributylamine, N,N-dimethylcyclohexyla.rnirie, N,N-dimethylethanolamine,1,8-
diazabicyclo-(5.4.0)undec-7-ene, 1,4-diazabicyclo-(2.2.2)octane, 1,2-bis(N,N-
dimethylamino)ethane, 1,3-bis(N,N-dimethylamino)propane and pyridine.
25
There are preferably used the alcoholates, carbonates and hydroxides of sodium,
potassium and magnesium (NaOH, KOH, KOMe, NaOMe, MgOH, MgCQO3), the
alcoholates, alkylates and carbonates of titanium, tin or zirconium (e.g. Ti{OPr)s),
as well as organotin compounds (e.g. bistributyltin oxide), the titanium, tin and
30 zirconiuin tetraalcoholates preferably being used in the case of diols that contain

ester functions and/or in the case of mixtures of diols with lactones.



25 There are preferably used the al cohol ates, carbonates and hydroxi des of .
sodi um  potassi um and magnesi um (NaCH, KOH, KOwve, NaOwe, MOH, MCO3), the
al cohol ates, al kyl ates and carbonates of titanium tin or zirc |m@ﬁ g.
Ti(OPr)4), as well as organotin conpounds (e.g. bistributyltirn'o E t he
titanium tin and 30 zirconiumtetraal cghol ates preferably being used in the
case of diols that contain ester functions and/or in the case of m xtures of

diols wth | Tatomnelystsaie prefralP@seddn BhvouaRIAINNIINS1 86 . 0prefcprtiérybiysed in
anounts of 0.00001 to 2.0 wt.% preferably 0.00005 to 1.3 wm. % and

0
parti cul ar | y0;9080xtoabp ywi¢s eudpatieulerlp prafeedly Gerted.§ wthaefened phéei ¢ diol s

that are useg. Af t of the reaction the catalyst may be left in
t he product,gg%}%gfjggog%fhapﬁrgug?%l i zed or masked. The catalyst is preferably

left in the product. The aliphatic diols that are used as well as the other
raw material s, added chem cals and auxiliary substances that are used shoul d
obvi ousl y5 be Adisr fgread 4 thergaginpghdratalygtiisay be keft inttlayerodhictt srpaptekess
according to_the.inventiqgn be carried. o ont.,i nuously or batchw se. 15
The first stgauera(l)l?est{ﬁremﬁ egg?ée§3t8§’r5{i]isr%&ﬁ§g£yhl§ﬁilﬂ Erﬁlpglh‘:tneed not be
connected as regards apparatus or physically to the second stage of the
process according to the invention, as long as the | ow nol ecul ar wei ght

pol ycar bonat ébe ghphatigrdgols Brah rigaged af well as e other saw snadgrenlafaddee process
according to _the inventiop are,ysed f.or the roducti.on.ot high nol ecul ar
weight al i phabstdicnls A app Hagstipst s 1R g ed BRI ShuSTbaih e rhe
process agcopgésitdet 0 the invention the high nolecular weight aliphatic

pol ycar bonat es are produced fromcomercially obtainable | ow nolecular

wei gt?t al i phatic pol ycarbonates that correspond to the

The first stage of the process according to the invention may be carried out

continuously or batchwise.

15 The first stage of the process according to the invention need not be connected as
regards apparatus or physically to the second stage of the process according to the
invéntion, as Jong as the low molecular weight polycarbonates that are obtained
after the first stage of the process according to the invention are used for the
production of high molecular weight aliphatic polycarbonates.

20 |
In an altemative embodiment of the process according to the invention the high
molecular weight aliphatic polycarbonates are produced from commercially
obtainable low molecular wei ght aliphatic polycarbonates that correspond to the
low molecular'weight aliphatic polycarbonates otherwise produced in the first

25  process stage. Accordingly the present invention also relates to a process for the
production of high molecular weight aliphatic polycarbonates from low molecular
weight aliphatic polycarbonates by a melt transesterification process
corresponding to the second stage of the previously described main process

according to the invention.



| ow nol ecul ar' wei ght aliphatic polycarbonates ot herw se produced in the
first 25 process stage. Accordingly the present invention also relates to a
process for the production of high nolecular weight aliphatic pfigﬁﬁaﬁgnates
fromlow nol ecul ar weight aliphatic polycarbonates by a nelt
transesterification process corresponQHgg to the second stage of the

previ ously described main process according to the invention. 2 1 JUN 2006

-10 The first.stage, of e process accordi,ng to.the invention may be carried
out accordi #&e£&§tﬁ!°&%§8%?§ ?CW‘?‘H%%EE&H%&P ) ecr"f't“}ed;?mi n sol ution,
and hongengedtiling 96 a miklFprBERS Sy P HDRItHoRISBHRAS or i Butldy afd exanpl e but
not exclusively there may be nentioned aqueous al kaline solutions. All

al kal i net al hamsgendoubly we ireaphdseboundarhpthcess. des that are sol ubl e or
di spersible in water may be used as al kali conponents, preferably however
sodi um hydr oxi de, potassi um hydroxi de, magnesi um hydroxi de and/ or cal ci um

hydr oxi des ( SiBi ¥y 6f exafiptd BPHRX LEGudiVeIVaices haf W)Fh%iﬁensa Xtb&$ alkdfthe N€

foll owi ng nay "al so be nméntioned by way” of exahple but not exclusively as
sol vents in tshiatibng. sAll stkatjeneatl adellimlioc essh metd hgdrogides tiidherd sohdri¢ oon:

aromatic hydrocarhons such as tol uene, xylene, ethylbenzene, cunene, 1,2, 4-
trimethyl ben%ésﬁ?éfﬂbﬁ?eg ‘f’?tF’éWé}’%Fé‘f‘? ?’Feaﬁ ] BLS, Eﬂ?ﬁ%i"@}’?‘ﬁ}”ﬁ?{yl benzene, 15

di i sopropyl b%e&iﬁﬂﬁ;ayldf{s/s{igéégﬁoPisgis&enyd%ﬁgfﬁ)?l%[ggér}grgg{ydgﬁ&@mm Qhlns such as

propyl enebenzene, zene or “a-ne ers such as diethyl

et her, di pr dyyhtoxete(elurydif beliciim exidelin wdiersmphepydixtatdser , di i sobutyl ether,
di anyl eh&ers, ani sol e, phenetol or cresol nethyl ether, and ketones such as
di but yl tone, di- tert.-butyl ketone or dianyl ketone, decane, dodecane,

chl or obenzena A RN o Shgr St MeErRiy oy (ORRRIN AR LV GFRIPAS Such &S
trichlor opr opé}ventsﬁmthea&rlsﬂ sngu:eif hisemerocess according to the invention: aromatic

hydrocarbons such as toluene, xylene, ethylbenzene, cumene, 1,2,4-

tnmethylbenzene, mesitylene, tetramethylbenzene, cymene, diethylbenzene,

15  dusopropylbenzene, chlorotoluene, bromobenzene or tetralin, olefins such as
propylenebenzene, allylbenzene or o-methylstyrene, ethers such as diethyl ether,
dipropyl ether, dibutyl ether, diisopropyl ether, diisobuty! ether, diamyl ethers,
anisole, phenetol or cresol methyl ether, and ketones such as dibutyl ketone, di-
tert.-butyl ketone or diamyl ketone, decane, dodecane, tridecane, dimethyloctane,

20  white spirit, halogenated hydrocarbons such as chlorobenzene, dichlorobenzene,
methylene chioride, chloroform, trichloropropane, tetrachloroethane,

chloronaphthalene, ethylcyclohexane, isopropylcyclohexane, decalin, styrene or

indene.
25  Mixtures of various solvents may also be used.

The first stage of the process according to the invention is preferably carried out in

a melt process, particularly preferably free of solvents.

30  The first stage of the process according to the invention may optionally be carried

out in the presence of inert gases. By way of example but not exclusively there



chl or onapht hal ene, et hyl cycl ohexane, i sopropyl cycl ohexane, decalin, styrene
or indene. 25 M xtures of various solvents may al so be used. The first stage
of the process according to the invention is preferablyicarried#qqunm% a
melt process, particularly preferably free of solvents. 30 The first stage of
the process according to the invention_q?y optionally be carried out in the
presence of inert gases. By way of exanple but not exclusively there 21 JUN

or opane, car BN Cetan g kB3 AT b ther HABE ol PRBRe BAIRHE. e

first stage afordohRiephagestrabbotrdgdidortcarionalibxidention is generally carried
out at 5 tenperatures between 0 and 320C, preferably between 10 and 275C and
particularly preferably between 20 and 220C, and at pressures of 1 to 0.001

bar (high v .Ihet.enper at ur nd. pressure ranges y_in.certain

ci r cutot anced Taiey sir PLI AR HieleBe (PRIt MRS arhedihel "
dependi ngs on tdrhgeratuis hatwwes 0AREd GR0TY) phcterabletwéd Lvamdand C ardred. According
to the process of the invention, in the first stage the educts are mxed in

t he presencepaiticalaglytpasiprably betwper 2Erand §26°Gitand sphressureseid] tr@0Gkbared whi | e
15 constantl)(.rqlxi nlgmﬂnder normal pressure over a period of 0.01 to 7 hours,
preferably 0.]6§ '8¢ ours, particularly preferably 0.5 to 5 hours, at a
tenperature of 140 to 260C, preferably 155 to 220C and particularly
preferably 170 to 200C. The al cohol released is then distilled off by

i ncreasi ng t Adetemparatirannd presseramiaszesupalt i C2BAIG, cingnmsaneds| ajscupffen 220C and

Chosen s 801 e 16 ek sRBiH ) AT lotcaf hap U EE ESHBRPATdof 1 it hout - any
probl em Fol LeMpBendshha drd@scRg8$thfedl S reduced so that residues of the
al cohol conponent forned can be renoved w t hout
According to the process of the invention, in the first stage the educts are mixed in
the presence of a catalyst in an inert gas atmosphere, and are heated while
15  constantly mixing under normal pressure over a period of 0.01 to 7 hours,
preferably 0.05 to 6 hours, particularly preferably 0.5 to 5 hours, at a temperature
6f 140° to 260°C, preferably 155° to 220°C and particularly preferably 170° to
200°C. The alcohol released is then distilled off by increasing the temperature
stepwise up to 230°C, preferably up to 220°C and particularly preferably up to
20 210°C. In this connection the temperature 1s chosen so that the released alcohol
can always be distilled off without any problem. Following this the pressure is
reduced so that residues of the alcohol component formed can be removed without
any problem from the reaction mixture, and overall the theoretically possible -
amount of released alcohol component is distilled off. After completion of the
25  reaction the mixture is cooled to 110° - 50°C, preferably 100° - 60°C, particularly
preferably 90° - 70°C, and is then aerated.

The molecular weight of the low molecular weight aliphatic polycarbonates
produced in the first stage of the process according to the invention is adjusted via
30  the ratio of diol to carbonate component. In general quantitative ratios are used

such that polycarbonates are formed having molecular weights of 260 to 20,000 g



any problemfromthe reaction m xture, and overall the theoretically possible
- armount of rel eased al cohol conponent is distilled off. After conpl etion of
the 25 reaction the mxture is cooled to 110 - 50C, preferably 1Pp 4N 6RIE
particularly preferably 90 - 70C, and is then aerated. ' The nol ecul ar wei ght
of the | ow nol ecul ar weight aliphatic pﬁbycarbonates produced in the first
stage of the process according to the in¢éntion is adjusted via 30 the ratio
of diol to carbonate conponent._ |n general quantitative ratiogs are used such

that pol ycar Béar eecferablyrhsiwess 3adg .19 ergiarandaagieudarbs preéuahly 20, 000 g 21

JUN 2006 -12 " I tween 300 and 7,300 g nole's and
particul arl yb%%?%?% P@EB@Q?@E%(HQESO and 3,000 g nole'. The first stage of

the process according to the invention enables | ow nol ecular 5 wei ght
pol ycarbonates of the fornula 11 to be produced containi ng between 7 and
1300 carbon Abefistisiage REtherppdess prcerdnais the irveptien emrbigrdowonoleerlpon at ons and

particul agly bly b 1 300 _car bon atoms, .in which Rl - denotes
al i phat i S b"?fsg%gﬁér”m gﬁ“ﬁf’%ﬁéﬁﬁ%g’ﬁmﬁﬁ;ﬁ@ BepERhERT bR ety Fong n,
preferably beioegborflatdid idtheCRbROPredirally RAFbdRdy didcaladakbordiehehakl y bet ween
4 and 20 10 carbon atons. It is particularly preferred to groduce a

1, 6- hexanedi pirticalagy peaferahin teteeeneldnandifiOcarhcar atomak. ghtwhi¢h R8@enetes 2200 g

mol e"'. 0 HO-,.-R1{- R1l]l~ OH.on 15 .The, di ol addi.ti onal | y .copt ai n ester,
et her, ani dealé?%jc#l{ard%% f?r]tf“@lqgt}?’?g"t’ ¢Brsand ﬁ 'iﬁréorg%%msdﬁl éhevﬁ%laﬁl’ Bgerf%‘}a&fyunct i ons,
such as are géiaknadnian cﬁfb%ﬁﬁk&n@%dqﬂlmm@)a?{e@ér@lﬂ&%ﬁnééﬂdl and@2hexanedi ol ,

and also diols with ether functions, are preferably used. If two or nore
di ol conponeptrbormp®mssed (for exanple nmixtures of various diols or mxtures
of diols with |actones), then two adjacent Rl groups

It is particularly preferred to produce a 1,6-hexanediol carbonate with a mean

molecular weight of 1800 to 2200 g mole™.

@]

L

HO—-R1{-0" ~O—R{=—0OH ()

15  The diols may additionally contain ester, ether, amide and/or nitrile functions.
Diols or diols with ester functions, such as are obtained for example by using
caprolactone and 1,6-hexanediol, and also diols with ether functions, are
preferably used. If two or more diol components are used (for example mixtures

/ of various diols or mixtures of diols with lactones), then two adj acent R1 groups

20 ina molecule may be completely different (random distribution).

For the synthesis of the high molecular weight aliphatic polycarbonates via the
second stage of the melt transesterification, besides the low molecular weight
aliphatic polycarbonates that can be produced according to the first process stage

25  there may optionally be used aliphatic diols.

Suitable aliphatic diols for use in the second stage of the process according to the

invention are those of the formula (I)



20 in a nolecule may be conpletely different (randomdistribution). For the
synt hesi s of the high nol ecul ar weight aliphatic polycarbonates via the
second stage of the nmelt transesterification, besides the |ow nolec

wei ght aliphatic polycarbonates that.can be produced accordlngltoﬂﬁh@‘@lrst
process stage 25 there may optionally be used aliphatic diols. Suitable
aliphatic diols for use in the second stage of the process according to the
invention are those of the formula (I) -13 HOT-],0Hd (1) wherein 5 nis a
nunmber between | and 100, prEf@TahOH 1 to 8Qyand particularly preferably 1-
to 45, and 21 JUN 1006 wherein T denotes a branched or linear, saturated or
unsaturated al kyl or cycloal kyl radical with 2 to 40 carbon atons,

preferabl\% Sghurat ed linear alkyl 10 diols with 3 to 15 carbon atons,
partlculaﬂly preferably with 3 to 10 carbon atons, nost particularly

pr ef ersablyiswi dufatr berwken ¢andano agreféﬁabwlﬁtcegms‘d ﬁérhb’umﬂ referh®ly0  carbon
atons, as well as a radical (VIIl) AI-CGA-OA" (VI 5 wherein Al denotes
br anched or45h ffear, saturated or unsaturated al kyl or cycl oal kyl radicals

with 2 to 40 carbon atons and -O-Ar-O denotes an aromatic radical with 12
to 24 carbon atons derived froma bisphenol, preferably bisphenol A

bi sphenol wheiror ditenenahci¥dd o%@ingﬁ‘esaft@a{e@% ﬂﬁsa‘i’{ﬁ'ﬁteﬁ%ﬂ@@{f' oned by way of

exanpl e but not exclusively: 1,7- heptanediol, 1,8-octanediol,

1, 6- hexaneyhladlkyl tadie g enithath b Gt arbdn atoblﬁl}ﬁn&thbrby satdragsd linear alkyl
10  diols with 3 to 15 carbon atoms, particularly preferably with 3 to 10 carbon atoms,
most particularly preferably with 6 to 10 carbon atoms and especially with 7 to 10 -

carbon atoms, as well as a radical (VIII)

Al-O-Ar-O-Al (VI
15 ,
wherein Al denotes branched or linear, saturated o£ unsaturated alkyl or
cycloalkyl radicals with 2 to 40 carbon atoms and -O-Ar-O- denotes an aromatic
radical with 12 to 24 carbon atoms derived from a bisphenol, preferably

bisphenol A, bisphenol TMC or bisphenol M.
20

The following may be mentioned by way of example but not exclusively: 1,7-
heptanediol, 1,8-octanediol, 1,6-hexanediol, 1,5-pentanediol, 1,4-butanediol, 1,3-
propanediol, 2-methyl-1,3-propanediol, 3-methyl-1,5-pentanediol, 2-
methylpentanediol, 2,2,4-trimethyl-1,6-hexandediol, 2,3,5-trimethyl-1,6- |
25  hexanediol, cyclohexane-dimethanol, neopentyl glycol, dodecanediol, perhydro-
bisphenol A, spiro-undecane diols, ethoxylated or propoxylated bisphenols with
aliphatic polyether polyols of different chain lengths as terminal groups, such as
fc;r E;(ample Dianole®, Newpole® and ethoxylated BP-TMC, ethoxylated or
propoxylated resorcinols, hydroquinones, pyrocatechols with aliphatic polyether
30  polyols of different chain lengths as terminal groups, polypropylene glycol,

polybutylene glycol as well as polyether polyols that have been obtained by



~propanediol, 2-nmethyl- 1,3 -prop anediol, 3-nethyl-1,5-pentanediol, 2-

nmet hyl pent anedi ol , 2,2,4-trinmethyl -1, 6-hexandediol, 2,3,5-trinmethyl-1,6 25
hexanedi ol , cycl ohexane-di met hanol, neopentyl glycol, dadecanedi ol, perhydro-
.bi sphenol A, spiro-undecane diols, ethoxylated or .propoxylated bi

with aliphatic polyether polyols of diffgerent chain |lengths as zirnln
groups, such as for anple Dianole(r), Newpole(r) and ethoxylated BP- TN,

et hoxyl ated qu yc] &%ﬁﬁ Cfbg,ﬂ%% hols with
al i phatic poI0 t her % dﬁ T @?é@gﬁgwghalﬁi ngt ﬁgﬂ%éﬁﬁ%? nal groups,
pol ypr opyl enanbéxpd ahd tetqahbwilathpt ehyeolg ke ak wall asmhiktuass gfolayietihidiolpol yol s t hat

have been obtained by -14 21 JUN 2006 copol yneri sation of for exanple
et hyl ene oxi de and propyl ene oxide di hexyl, trihexyl and tetrahexyl ether

gl ycol, etc. I [ rnore be
used addltlon pro%ﬁtﬁgagwgb d|o gamﬁaﬁbﬁﬂﬁ?%ﬁg?&ngggﬁﬁhEE§1 #g%&guch as
for exanplse chplspuettaetfia, exmlplfr@bmiﬁcm&; velemlactas, vl las agllnasxhitngss of t he
diols with lactones,. an initial trans esteri fication of |actones and diols
not being nebedios yith faciqnes.payinitiakpansester Geption i 1acsnes Pad dils nIbedl s wi t h
dicarboxyllcéﬁg %3such as 10 for exanple adipic acid, glutaric acid,
succi ni ¢ aci mal oni ¢ acid, hydroxypivalic acid, etc., or esters of the

di carboxylic acids as well as m xtures of diols with dicarboxylic acids
and/ or esters_of the dicarboxylic acids, in which connection an initial
transest erifi CEI B3y Gboéﬁedlé?fbéﬁmlwprﬁé}lﬁs shdiotsnwitlydigpeboxyliagidpacBasar y but

s DOSSlﬂ@' e. fofgﬁﬁgﬁ H:tééﬁd E) 'sﬂgﬁﬁ% a"é{hdn{}\@-[ Qééﬁﬁ'l%( T )L?Kp‘%\%hg

neopent yl € nen i’on exanpl-e

excl usi vel y a‘Em? el Io@feﬁttetscbfdh@dlﬁambﬁyluﬁa‘tﬁﬂsla@ vsenc:ts Axt@evundiotshaith referred to
the l'ow nol ecul ar weight aliphatic p carbonates, the sumtotal of added
al i phatic di cliearbewylicamds apl/et esters o\megi;@arhw 162C1d8, WoVRiEh CORIFAHRR AR n t he

reSUILiNg © eaGhPRILENER oFdicHAIRL Eoifund WY Bl b HiRBE AR O 1O 99:9

nole % prefera
possible. Poly(neopentyl glycol adipate) and hydroxypivalic acid neopentyl

15 glycol ester mﬁy be mentioned by way of example but not exclusively.

The aliphatic diols are used in such an amount that, referred to the low molecular
weight aliphatic polycarbonates, the sum total of added aliphatic diols and low
molecular weight aliphatic polycarbonates in the resulting reaction mixture 1s

20 100 mole %. There may thus be used 0 to 99.9 mole %, preferably 20 to
90 mole % and particularly preferably 28 to 85 mole % of aliphatic diols, referred
to the sum total of added aliphatic diols and low molecular weight aliphatic

polycarbonates.

25  Mixtures of various diols, lactones and dicarboxylic acids and their addition
products may also be employed. In this connection the addéd aliphatic diol or the
mixtures of various diols, lactones and dicarboxylic acids may be identical or
different from the aliphatic diol used in the first stage and from the mixtures of
various diols, lactones and dicarboxylic acids that are used.

30

Diaryl carbonates are indispensably used for the synthesis of the high molecular



90 nole % and particularly preferably 28 to 85 nole % of aliphatic diols,
referred to the sumtotal of added aliphatic diols and | ow nol ecul ar wei ght
aliphatic polycarbonates. 25 M xtures of various diols, |actones and

di carboxylic acids and their addition products rmay al so be enpl gﬁyeﬁi. In this
connection the added aliphatic diol or_the mxtures of various b @N 2006

| act ones and di carboxylic acids may be identical or different fromthe

al i phatic digl.: i g ] i ous
Gols 1 act ot Eptfic BOfcuttohkeSkAe R bR IR sl 8 Sedpa SHBE 1ot e
ar e i ndi spensatieyproteedadcorditd® thy iiveatos Diarylhariongtes iwtirGohtekt ofithe 21 JUN
2006 wei ght aliphatic polycarbonates via the nelt transesterification in the
second st agePres¢niimeengpn aestiosceashainerid diesees ofifbefrmate B aryl carbonates in
the context of the present invention are those carbonic acid diesters of the
formula (111) O I ti 5 and formula (1V), an which R, R and R' independently
of one another denote H, optionally branched Cr-C34-alkyllcycloal kyl,

C7- C34- al karyl or C6- aryl , % for exagraphe diphenyl carbonate,

but yl phenyl - phenyl cg N i car bonat e,

i sobut yl phenyl - phenyl onaQe, di - pheny! (H&)y bonat e,

tert.-butyl phenyl - phenyT car bonat e, ’-bytyl phenyl carbonate, 15

n- pent yl phenyl - phenyl carbonate, di-(h-pentyl ghenyl) carbonate, '

n- hexyl phenyl - phenyl carbonate, di-(n-hexyl phenyl) carbonate,

5 and formula (IV),

R" » R O
O‘-H'—-O

R Rll

(V)
Rl

in which R, R'and R" indepcndently of one another denote H, optionally branched
C;-Cas-alkyl/cycloalkyl, C7-Cas-alkaryl or C¢-Cag-aryl,

10  for example
diphenyl carbonate,
butylphenyl-phenyl carbonate, di-butylphenyl carbonate,
1sobutylphenyl-phenyl carbonate, di-isobutylphenyl carbonate,
tert.-butylphenyl-phenyl carbonate, di-tert.-butylphenyl carbonate,

15  n-pentylphenyl-phenyl carbonate, di-(n-pentylphenyl) carbonate,
n-hexylphenyl-phenyl carbonate, di-(n-hexylphenyl) carbonate,
cyclohexylphenyl-phenyl carbonate, di-cyclohexylphenyl carbonate,
phenylphenol-phenyl carbonate, di-phenylphenol carbonate,
isooctylphenyl-phenyl carbonate, di-isooctylphenyl carbonate,

20  n-nonylphenyl-phenyl carbonate, di-(n-nonylphenyl) carbonate,
cumylphenyl-phenyl carbonate, di-cumylphenyl carbonate,



cycl ohexyl phenyl - phenyl carbonate, di-cycl ohexyl phenyl carbonate,

phenyl phenol - phenyl carbonate, di-phenyl phenol carbonate,

i sooctyl phenyl - phenyl carbonate, di-isooctyl phenyl carbonate, 20

n- nonyl phenyl - phenyl carbonate, di-(n-nonyl phenyl) carbbnate,

cunyl phenyl - phenyl carbonate, di-cunyl phenyl carbonate, -16 21 JUN 2008
napht hyl phenyl - phenyl carbonate, di-naph®hyl phenyl carbonate,

di -tert.-butyl phenyl -phenyl carbonate, di-(di-tert.-butylphenyl) carbonate,
di cuny| phenyhagiftiedpheny hphanyhearbontite, (ditngpirthylphemy) Icarbonatbonat e,

4- phenoxypheny] - phenyl. carhonate,, di-(4: n enyl ), carbonate, 5

3- pent adecyl g%igﬁty pygﬁé‘lﬁg}ﬁ-p?gpgloﬁlg%{ated ﬁl?@gﬁﬁgﬁgﬂ%ﬂc@ﬁa‘wwt% ar bonat e,
trityl phenyl dRigRWheSALIMRAM @rbdHatd Hi-tdidRREPNdnyEAdBate, preferably

di phenyl carbonafe, 10 tert.-butyl phenyl - phenyl” ‘car bonat e,

di . -t ert. - bufyphphetyphenydpbomd cerbongthediy(k aihenot ypbheyly tartbendignat e,

di - phenyl phenol carbonate, . cunyl phenyl - phenyl . c onat e, . di - cunyl phenyl

car bonat eso pg'ﬁpga?%'ﬁ)ﬂ%nﬁlf@?e@V%&W%ﬂé’%?elﬁé‘?eﬁ%ﬁ?@s gagbenate, jUN 2006 The
carboni c aci gjdh I ¥ i +. 0.60 to 1.00, preferably 1
: 0.70 to 191’(916)&%%68@ p%gﬂlﬁgﬁ%ggﬁey&p@éi@ﬁég Ilglgﬂi&nat% 75 to 1 : 0.95, referred
to the sumtotal of the aliphatic diols and | ow nol ecul ar wei ght aliphatic
pol ycar bonat es. M&xtures of the aforenentioned carbonic acid diesters nmay
al so be usedP™ %Y the synthesis of the high mol ecul ar weight aliphatic
pol ycar bonat ggpthalcebBRde, be used as catalysts in the second stage of the

process according to the 1nvention all soluble catal ysts known for

t ransest Bt i f ieclabiyiphespleplicnnbearboaratg dndeatisbutylphenyl carbonate,

; phenylphenol-phenyl carbonate, di-phenylphenol carbonate,
cumylphenyl-phenyl carbonate, di-cumylphenyl carbonate,

particularly preferably diphenyl carbonate.

15
The carbonic acid diesters are used in a ratioof 1 : 0.60 to 1.00, preferably 1 : 0.70
to 1:0.98, particularly preferably 1: 0.75to 1 : 0.95, referred to the sum total of
the aliphatic diols and low molecular weight aliphatic polycarbonates. Mixtures
| of the aforementioned carbonic acid diesters may also be used.
20

For the synthesis of the high molecular weight aliphatic polycarbonates there may
) be used as catalysts in the second stage of the process according to the invention
i all soluble catalysts known for transesterification reactions (homogeneous
catalysis), as well as heterogeneous transesterification catalysts. The second stage
25  of the process according to the invention is preferably carried out in the presence

of catalysts.

Particularly suitable for the process according to the invention are hydroxides,
oxides, metal alcoholates, carbonates and organometallic compounds of metals of
30  main groups I, II, III, IV and V of the periodic system of the elements, of sub-

groups II, IIT and IV, as well as elements from the group of rare earth elements, in



catalysis), as well as heterogeneous transesterification catalysts. The
second stage 25 of the process according to the invention is preferably
carried out in the presence of catalysts. Particularly suitable for the
process according to the invention are hydroxi des, oxides, netal

al cohol ates, carbonates and organonetal lic conpounds of netals cf]§@¥ﬂghn
groups 1,11, 111, 1V and V of the periadihc system of the el enents, "0 b-
groups Il, Ill and IV, as well as elenments fromthe group of rare earth

el ements, 1 nNuydi rd eull ORPQUNgS Ti, Zr, Pb, Sn, Zn, Bi,
Cc and Sb. Tﬁgéﬁgﬁ%gﬁﬁﬁggﬁgsfgg éégﬁf%%§§’§$ way é?iexanple: Li OH, Li2CGC8,
K2COB, KOH, TiNa®hllowiyimayNeGiventiddedbly @4y, of€atnpBaDOK(LLBM;, Ki@4, titani um

oct anoat o5, RGHEFOH: K NaRUE UGN Br« Cr0 e Gk Shgu FiTeisiBimoni de,

bi stributylt it&ra%i@oﬂgl’ate%%? ter?pﬁ'@l} t€s ’ziru)rﬂﬁl%gtgﬁm&ﬂl?)ﬁégg ﬂh%’ctaﬂb@t@é 2- et

yl hexanoat e, zirconium e exdnoat e, brsmut yl'hexanodt e,

ceri um 2- gt hylihexandéterate, dibdtylst eikdat dbutyhintmamhoyide,bisxibdgltiz oxidgninum
tetra-isopropylate, .etc. Furthernore _inorganic or organic acids nmay be used
as cat al yst s oxalgks, is2 ey lisxarente 2iny- HisyHsancate girgomgiedi ¢ aci d,

-tol | f.on} ' i ] f wh Rl -3
fenot os. ci- CIOVHRAFALS) S 2 b RRRa o e M e 11 the

second st age shrdi¢dantpfi@pesdxiieCardnign teratidepropylee] éoN Futtherprei cul ar
trimethylamne, trietylamne, 15 tributylam ne, N, N-di nethyl cycl ohexyl am ne,
N, N- di net hy| sRATEHEF ShPiganiC RCRls mAyhetsed g Faalystssugh an fuexamplte,

1, 4-di azghi c 2. 2).0ct -1 2-0] N di-net hyl ami no) et hane,
1, 3-bi s( ?IBN- éﬁhﬁ%}r}?é‘%)dh%cjeg?%%lgh%%gﬁ%&%yrf%f: gzélH?Ammni um or phosphoni um
conpounds may al so be used in the second stage of 20 the process accordi ng
to the invention. Ammoni um or_ phosphaoni_ um conpounds within_the context of the
i nventi on ar dertiary amines of the formula R;R;R3N where R;.3 denotes C;-Cso-

hydroxyalkyl, -aryl or -alkyl may furthermore be used in the second stage of the

process according to the invention, in particular trimethylamine, triethylamine,

15  tributylamine, N,N-dimethylcyclohexylamine, N,N-dimethylethanolamine, 1,8-
diazabicyclo-(5.4.0)undec-7-ene, 1,4-diazabicyclo(2.2.2)octane, 1,2-bis(IN,N-

dimethylamino)ethane, 1,3-bis(N,N-dimethylamino)propane and pyndine.

Ammonium or phosphonium compounds may also be used in the second stage of

20  the process according to the invention.

Ammonium or phosphonium compounds within the context of the invention are

those of the formulae (V) and (VI),



—t—

t hose of the formulae (V) and (VI), -

18 -

21 JUN 2006 R4 X-

R-Pt_R3 R2 R4

TRFR3J (VI) R2 wherein R1-0 may be the sane or different Cl-d o-al kyls,

C6- C30- aryl s,

»C6-C,4-ary|s, particularly preferably nethyl
ani on such as hydroxide, sulfate, 5 hydr?gen S
carbonate, a halide, preferably chloride,

OR, wherein R may be C6-C, 4-aryl
Preferred catal ysts are:
t et r amet hyl anmoni um acet at e,
t et ranet hyl ammoni um t et r aphenyl
di et hyl di phenyl amroni um hydr oxf
t et raphenyl phosphoni um chl ori de
t et raphenyl phosphoni um phenol at
tin or zirconium(e.g. Ti(OPr)
as organotin conpounds.

wel |

10

15

20

C7-C o- aral kyls or C5-C6-cycl oal kyl s,

bor anat e,

R2

R4

R2

by

| |
R1—|‘ij-'.—R3

or C -C, 2- aralkyl
10 tetranethylannnnlun1hydrOX|de
t et ramet hyl anmoni um f | uori de,
t et ranet hyl ammoni um phenol at e,
e, raetyyl ammoni um hydr oxi de,
, tet&%phenylpﬁ6sphon|un1hydrOX|de
, 20 the al caghol ates and oxides of titanium

&Rhml?mﬁaii

—

—

preferably methyl or
or phenylﬂ and X' may be an

ul fate, hydrogen ﬁﬁ;ﬁﬂgﬁ#ﬁi
a

an al cohol ate of
preferably phenyl .

15

19 - 21 \WI\) 2006 oxi de), as

X-
(V1)

wherein R' may be the same or different C;-Cyo-alkyls, Cs-Cjg-aryls, C7-Cyo-

aralkyls or Cs-Cg-cycloalkyls, preferably methyl or C¢-Cy4-aryls, particularly

preferably methyl or phenyl, and X" may be an anion such as hydroxide, sulfate,

hydrogen sulfate, hydrogen carbonate, carbonate, a halide, preferably chloride, or

an alcoholate of the formula OR, wherein‘R may be Cg-Cy4-aryl or C5-Cjz-aralkyl,

preferably phenyl.

Preferred catalysts are:
tetramethylammonium hydroxide,
tetramethylammonium acetate,
tetramethylammonium fluonide,
tetramethylammonium tetrapheny! boranate,
tetramethylammonium phenolate,
dimethyldiphenylammonium hydroxide,
tetracthylammonium hydroxide,
tetraphenylphosphonium chloride,
tetraphenylphosphonium hydroxide,
tetraphenylphosphonium phenolate,

the alcoholates and oxides of titanium, tin or zirconium (e.g. Ti(OPr)4, dibutyltin



Dibutyltin oxide is particularly preferably used. 5 After the conpletion of
the reaction the catalyst nay be left in the product.or separated,

neutrali sed or nasked. The catalyst is preferably left in the product. The
catalysts are preferably used in anouats of 0.0001 to 0.8 nole %1 ¥ gyged to
the sumtotal of aliphatic diols and | ow nol ecul ar wei ght aliphatic

pol ycar bogaides as wkfl ag@(igéﬁgﬁﬁicgﬁbgﬁﬂdé. preferably in anmounts of 0.01 to 0.6
nole % The process according to the invention enables aliphatic :
pol ycarbonates to be produced having a wei ght-averaged nol ecul ar wei ght Mwv

of at |east, 30,000.g . nol d" ui | froamthe repeating unit of the fornula
(V1) OT%ut@’mni9X1‘gﬂ5lsmg}°éiaﬁgrpr#§m§?¥|ﬁ??ﬂer between | and 100, preferably |

to 80 and particularly preferably 1 to 45, and wherein T denotes a branched
or linear, saturated or unsaturated al kyl or 20 cycloal kyl radical with 2 to

40 car bon Afteanie cqmisittsase the s@kctioRtlREatalyse afay delytt in Ge@rsdust bh 3 to 15 carbon
atonms, particularly preferably with 3 to 10 carbon atons, nost particularly
pr ef er abl yeparatgdaautraispd o mpaskedat Brrscasaipist éspuskdrably yefnint the pradsctio  car bon
atons, as well as a radical (M1Il) 25 AI-OC-Ar-OA (VIIl) wherein Al denotes
branched or l|inear, saturated or unsaturated al kyl or cycloal kyl radicals

With 2 to T caedlPedare pesteraBRlise@ifmbunts 6NODESI A0 8LUBY) Gefedld fqdi cal with
12 to 24 carbon atons derived froma bi sphenol, preferably bisphenol A,

bi sphenol tivSusrtotel efsiphatic divlseaddyw aaecularweiglttatiphatihpolperryoratesyol ecul e. 5
21 JUNG2008, The, nol Year bongs es..01.3i BARbR £y 6l B Ocess according to the

The process according to the invention enables aliphatic polycarbonates to be
produced having a weight-averaged molecular weight M,, of at least 30,000 g

mole™, built up from the repeating unit of the formula (VII)

/PL 1,
O—T—0—F (VD

wherein n is 2 number between 1 and 100, preferably 1 to 80 and particularly |

15
preferably 1 to 45, and

wherein T denotes a branched or linear, saturated or unsaturated alky! or

20 cycloalkyl radical with 2 to 40 carbon atoms, preferably saturated linear alkyl
diols with 3 to 15 carbon atoms, particularly preferably with 3 to 10 carbon atoms,
most particularly preferably with 6 to 10 carbon atoms and especially with 7 to 10 -

carbon atoms, as well as a radical (VIII)
25 ¥ Al-0-Ar-O-Al (VIID)

wherein Al denotes branched or linear, saturated or unsaturated alkyl or

cycloalkyl radicals with 2 to 40 carbon atoms and -O-Ar-O- denotes an aromatic



intentionally be branched in a controlled way by using small anounts of
~branchi ng agents. Exanpl es of suitable branching agents are: 10
phl oroglucinol, 4,6-dinethyl-2,4,6-tri-(4-hydroxyphenyl)heptane,
- 1,3,5-tri-(4-hydroxyphenyl)benzene, 1, 1, 1 -tri1(4-hydroxyphgpyhafEﬁﬁne,
tri-(4-hydroxyphenyl)phenyl nethane, 15 _»5q._ .
2,2-bis-[4, 4-bis-(4-hydroxyphenyl)cycl ohexyl ] pr opane,

2, 4- bi s- (4- hygdy: [ I P Ss(2- -5 -nethyl b
enzyl I)S4( met )rgy lgﬂéﬁ%e@%??%ﬁ%%@gg%&% 131’@19@1 ( gf,sﬁl?e&g ﬁ)?gér(tgéa;% enyl ;Tgr o%ane,
hexa- (4- ( 4- hysisphay 26 hydpheaf B or Biphsol oMt ho-t erephthal ic acid ester, 20
tetra- (4- hydroxyphenyl ) net hane,

tetra- (4-(4-hydroxyphenylisopropyl)phenoxy) met hane, isatin bi scresol ,

pent aeryt hri t,0l 4- di hydr benzaic acid, 25 trinmesic acid, cyanuric
aci d, 1,4-bﬁgmfﬁ3%2*?§+%§@P3§%?§Vﬁﬁ%ﬁvﬁ¥ t hyl ) benzene and a,
a'a"-triss(4-hydroxyphenyl)-1,3,4-triisopropenyl benzene.

1,1, 1-tri-(4-hydroxyphenyl)ethane and isatin biscresol are particularly
preferred. 30Epebeahoaaich pbiginableriysherprochss agsderdihgAd thminvapipropey at e st age of

th y clee. Z.1.JUN 2006. -21 | h i { st i th ducti f
the ow ot edbieBioUY GREMEFRERiR A onisled v by iineS i 3RS Pt he second
stage in the yiRlchide 23886 EREmbics 3F bidtibfetrahding agents are:

10 phloroglucinol,
4,6-dimethyl-2,4,6-tri-(4-hydroxyphenyl)heptane,
1,3,5-tri-(4-hydroxyphenyl)benzene,
1,1,1-tri~(4-hydroxyphenyl)ethane,
tri-(4-hydroxyphenyl)phenylmethane,

15 2,2-bis-[4,4-bis-(4-hydroxyphenyl)cyclohexyl]propane,
2,4-bis-(4-hydroxyphenylisopropyl)phenol,
2,6-bis-(2-hydroxy-5'-methylbenzyl)-4-methylphenol,
2-(4-hydroxypheny1)—2-(2,4-dihydroxyphenyl);ﬁropane,
hexa-(4-(4-hydroxyphenylisopropyl)phenyl)ortho-terephthalic acid ester,

20  tetra-(4-hydroxyphenyl)methane,
tetra-(4-(4-hydroxyphenylisopropyl)phenoxy)methane,
1satin biscresol,
pentaerythritol,
2,4-dihydroxybenzoic acid,

25  trimesic acid,
cyanuric acid,
1,4-bis-(4',4"-dihydroxytriphenyl)methyl)benzene and
a, o'a"-tris-(4-hydroxyphenyl)-1,3,4-tnisopropenylbenzene.
1,1,1-tri-(4-hydroxyphenyl)ethane and isatin biscresol are particularly preferred.

30

These branching agents may be added at any appropriate stage of the process, i.e.



production of the high nolecular weight aliphatic pol ycarbonates. 5 The
branchi ng agents that are optionally co-used in an anount of 0.02 to 3.6 nole
% preferably 0.05 to 2.5 nole % referred to the sumtotal of aliphatic
~diols and | ow nol ecul ar wei ght aliphatic pol ycarbonates, are p qum@y

enpl oyed together wth the aliphatic d'zil-s and the Iow_ nmol ecul ar
al i phatic polycarbonates in the second“stage. 10 The ali phatic

pol ycar bonat es a rdin ot nve ntai.n chain. termnators. The
cor r espondi nﬂlt@ﬁgcﬁ F%Fﬁ‘?hjﬁtpé? ucgpgoghgaﬂwlrﬂ%/lg?ﬁngslgpp RIgEC 335 214 A (U. S
Patent s 4, 97441933 baRHAeOasOV é’s&% thd &cbﬁ@btﬁgfoﬁﬁhgﬂ}&t\’tﬂlﬁgg@nﬁd’aﬁon'f@rctﬁé por at ed
herein by refefence) and DE 3 007 nophenol s as well as

monocar boxyl prodactiehsofithg high melacilameeightalipghgtiopolgrabphaethout not excl usi vel y
as suitable chain term nators. Suitable nonophenols are phenol al kyl phenol s

such as cresols, p-tert.-butyl phenol, p-n-octyl phenol, |so octyl phenol ,
p-n- nony{ phepel, ﬁ@ﬁll & RANHRREBRLI HRLedsHEh A, gpch as
p- chl orophenoF1 ' N gh %ropﬁﬂe% pybrom)phenol O 2 4 6- tr| br onophenol ,

and/or their 3250n0ie>8fu,upre&:rabH3] 80610 8¢5 raoke %; tefarted- tbﬂtqdmhmﬂlofmlpMEnol t he

| atter being rticul arl refer Sult bl e nonocar boxylic acids are
benzoi ¢ aci d9 Oi mlﬁé’ﬁ%e&‘ﬁ%‘i"%&aﬁﬂ’mﬁgp 305 %‘i‘?&?searedgﬁé by gppyed af ter the

second stagetaﬁeﬂfe%nmrtﬂgagﬁmaeaﬁﬁgmhe%\;ﬂf‘o]eaaymél%neaplépggﬁ possible to add

the chain terminators at any point in the reaction y at the start
of the reacpbyoarbamded inahasktbhd stageray be split into several portions. The
anmount of chain 30 termnators nay be 0.4 to 17 nole % preferably 1.3 to 8.6
nol e %(}%ferred to the sumtotal of aliphatic diols and | ow nol ecul ar

wei ght al | phay E%h]?t?:it%ﬁ)% eﬁl ORBhERY accofding dlg'}h\?'e%gng{l]a? BREANEha, age of the

process accor di ng to nvention may~be carrie
terminators. The corresponding chain terminators are known infer alia from EP

335214 A (U.S. Patents 4,977,233 and 5,091,482 its indicated equivalents are
incorporated herein by reference) and DE 3 007 934 A. Monophenols as well as

15  monocarboxylic acids may be mentioned by way of example but not exclusively
as suitable chain terminators. Suitable monophenols are phenol, alkylphenols
such as cresols, p-tert.-butylphenol, p-n-octylphenol, p-iso-octylphenol, p-n-
nonylpheno! and p-iso-nonylphenol, halogenated phenols such as p-chlorophenol,
2,4-dichlorophenol, p-bromophenol and 2,4,6-tribromophenol, and/or their

20  mixtures.

Preferred are p-tert.-butylphenol or phenol, the latter being particularly preferred.

Suitable monocarboxylic acids are benzoic acid, alkylbenzoic acids and

25 halogenated benzoic acids.

After the second stage of the process according to the invention it is possible to

add the chain terminators at any point in the reaction, preferably at the start of the

reaction, and the addition may be split into several portions. The amount of chain
30 terminators may be 0.4 to 17 mole %, preferably 1.3 to 8.6 mole % (referred to the

sum total of aliphatic diols and low molecular weight aliphatic polycarbonates).



~continuously or batchw se. .5 The second stage of the process according to the
i nvention need not be physically connected to the first stage of the process
according to the invention as regards apparatus as long as the | ow nol ecul ar
- wei ght polycarbonates that are obtainable by the. first stage of the process
according to the invention are used foroshe production of t hel high bl ecul ar
wei ght aliphatic polycarbonates. 10 The second stage of the process according
to the invention is generally carried out at tenperatures of 150 to 320C,
preferably 160 to 280C and particularly preferably 180 to 220C, and at
pressur es of The i@mond stafe 60the pascefhaghrdigciouhy invehtidimag deeadiedtomge of t he
process according tqQ the invention is carried out for exanple in such a way
that a nixtu?gnﬁgoF WORPHERYS&r wei ght al i phati c pol ycarbonate and optional |y
aliphatic diol and diaryl carbonate is nelted in an. inert gas atnosphere in
the presence of a catalyst at tenperatures of 75 to 225C, preferably 105 to
235C, parii clhasdcpnpsageohideprdc2Os d@odldi Yo thadeention nedd itd bppRgsedlly and for
0.1 to 5 hours. Condensation is then carried out by reducing the pressure
and rai si ng tHEeEEiiRMsirslestags of dlae progess @ccosdingde His ipveargipn.as pegseds

particularly | - : hat is
formed is di %@{aﬁtg%%glf) %{g gl?'%g 1%‘%?2@3?@%&%%@%%%{%h%#qﬁ@ﬁ%br%xyar yl
conponent mapy ke flissdtadd afdhepiocvdstabesrtiingny th ipbémtion 226 uddiefopthley car bonat es
obt ai ned have nean meight;average nol ecul_ar mekghts M of 20,000 to 500, 000
g nol e', prePEdipien oithe bighmpolseidaroneht shphatg pelearpenatescul arly preferably
30, 000 tgo 200,000 g nole-". 30 Auxiliary substances and rei nforcing agents
may be added to the aliphatic polycarbonates according to the invention in

order to altg&hetd@npsrpent irkprodeys dcblding ®3he Zilvediibh B0RBeraflyhiried oyt
subst'ances and reinforcing agents include inter alia: thernal stabilizers
at temperatures of 150° 1o 320°C, preferably 160° to 280°C and particularly

preferably 180° to 220°C, and at pressures of 1 bar to 0.001 bar (high vacuum).

15  The second stage of the process according to the invention is carried out for
example in such a way that a mixture of low molecular weight aliphatic
polycarbonate and optionally aliphatic diol and diaryl carbonate is mélted in an
inert gas atmosphere in the presence of a catalyst at temperatures of 75° to 225°C,
preferably 105° to 235°C, particularly preferably 120° to 190°C, under normal

20  pressure and for 0.1 to 5 hours. Condensation is then carried out by reducing the
pressure and raising the temperature to 150° - 320°C, preferably 160° - 280°C,
particularly -preferably 180° - 220°C, and the hydroxyaryl component that is
formed is distilled off. The pressure is selected so that the hydroxyaryl
component may be distilled off without any problem.

25
The polycarbonates obtained have mean weight-average molecular weights M,, of
20,000 to 500,000 g mole”, preferably 25,000 to 300,000 g mole™ and particularly
preferably 30,000 to 200,000 g mole”.

30  Auxiliary substances and reinforcing agents may be added to the aliphatic

polycarbonates according to the invention in order to alter the properties. Suitable



~and Wstabilisers, flow auxiliaries, nold rel ease agents, flaneproofing
agents, pignents, finely comm nuted mnerals, fiberous substances, e.g.

al kyl and aryl phosphites, phosphates, phosphanes, |ow,nol ecul ar wei ght
carboxylic acid esters, 5 hal ogenated conpounds, salts, chalk, quartz flour,
gl ass fibers and carbon fibers, pi gnent®y and conbi nati ons theréQUUNgmﬁh
conpounds are described for exanple in WD 99/55772, pp. 15-25, and

"Plastics AdCﬂu&.ﬂ}é??subsanc%atﬁfnfﬁeﬁg'ﬂgentMﬁcﬁtﬁfe’mﬁéﬁﬂﬁﬁr thgﬂlli’il's%ﬁfz%r51983 10
The aliphatic pol ycarbonates obtainable by the process according to the

i nvention mneanddév ptabdssseﬂowraukﬂmnas uaild velgase rag@ﬂs;\fmntapmmﬂngr@ehisner y, for
i nes, into_s nol ded

exanple in extrude n ectl n- nol_di
articl ess, (ﬂlgmg%a,r%egy 9 ’§‘H§é‘l‘1§ ?“Fﬁgtsé?]}é:é’ér&g ﬁWg aI S0
provides for gﬁﬂgg?l’g&@ ;ﬁ']cos bhc%? 1B H6R ﬁt c;ﬁ‘ﬂé%ﬁfc atcplg esters

correspondin art ng to tﬁe i NV ntlon or t pr dducti on
of nol ded 5ar tﬁa’ncbmataahdompbmnﬂiasaﬂats chalk, paartd fteuraglaspfibeabndicdrben @bersfi |l s and
sheets, as well as the correspondi ng mol ded articl es, preferably opti cal
articles, pr daa@é@sw%ﬁ?mh@aam}h@rppé by empobristas decabedicig empiene

| nventi on. q{lgvgér@/]er 72 Opﬁ r1'552_f>“§1‘?c1 [hiudes kﬁﬁmfv% ‘ﬁ?{‘z’i"'ﬁgghte}“’h%&‘ﬁ“t however

being restric panel's, extr 1on filnms for

di spl ays or aMGﬁhtHﬁnﬁﬁ&ﬂbﬁshaﬂﬂQﬂduct|on of Ilght per neabl e pl at es,
production of traffic Iight housings or vehicle nunber plates, production of
preci si on injection nol ded parts, optical 25 applications such as optical

storage npdi ar qf? hBYPPoly%b?rPaﬁ&d&ﬁ%héﬂ‘eB the'p%%%é Lé ?&1?1 Lot %x?e nfibh! ¢! es,

applications 1n e sect | ant T'ectri cal

and el ect r onimay be|picpessed in the ubwd] vmtyhﬁbom&ﬁﬁoﬁa]mthohﬁlei’y}rfor eoa&mbd: #m 1. Safety
panel s, which as is kngwn, are reqU|red i n. mny areas_ of housings, 30
vehi cl es and SiFEeTar injedionapplding maghings, e 8ligblemolded atiiclsserfont foil s,

especial ly skiyabid fiims or sheets.

15  The present invention also provides for the use of the aliphatic polycarbonates
and/or the corresponding molded articles according to the invention for the
production of molded articles and extrudates, in particular optical aﬂicies, films
and sheets, as well as the corresponding molded articles, preferably optical
articles, produced from the aliphatic polycarbonates according to the invention.

20
Examples of this use include the following, without however being restricted
thereto: safety panels, extrusion and solution films for displays or electric motors,
production of light-permeable plates, production of traffic light housings or
vehicle number plates, production of precision injection-molded parts, optical

25  applications such as optical storage media (CD, DVD, MD), production of
lamps/lights, sports articles, applications in the automobile sector, domestic

appliances and electrical and electronics equipment, or for other uses such as for

example:
1. Safety panels, which as is known are required in many areas of housings,
30 vehicles and aircraft, as well as helmet shields

2. Production of foils, especially ski foils.



-24 Z 1. JUN Zoos 3. Production of nolded articles (see for exanple US patent
A 2 964 794), for exanple 1- to 5-gallon water containers. 4. Production of
| i ght - per neabl e panels, in particular holl ow chanber panels, for exanple for
coverjing buil dings such as railways, greenhouses and 5 Iightin?
installations. 5. Production of opticalgata storage nedia. 6. b#gﬁﬁﬂwion of
traffic light housings or vehicle nunber plates. 7. Production of foams (see
for exanpl e PE-B prddddi il mofded BRI Ay e)tmﬁm@mzﬁ&ﬁﬁtb@%a%@(see For
exanple DE-B 1 137 167 and 10 DE-A 1 785 137). 9. transl ucent” pl astics
material s with a farazssmpiedr¢o Gegallentvafayrcohtagiers. t echnol ogy purposes (see for
exanple DE-A 1 55 20). 10. 'As translucept. plastics terials containing
bari um sul f aTe, t?l{(’%ﬁ?%ﬂﬂ Ofgf%%pﬂﬁn%ﬂt? R iml?}ﬂ?rc}}ﬂrﬁg’@"%é R§F PRSSNi ¢

pol ynmeric acryl at g, rLUbbefSor dXetiEEbA1894s 443 s o e production
of Iight-perneablergnagﬁfiaﬁt-gcagter?% Sﬁnlégggpartégégé%n%ro uction of

preci si orb i nj ecti bhpghting idstdllstiomls] parts, such as for exanple [|ens nountings.
For this pu:Tgose ﬁol ycarbopat es are used that contain glass fibers, which
optional |y mdy addiadugien ‘i’{j]ol}f’&ﬁ]t%t%StQ{?@thneﬁl& 10 wt. % 20 of MvS2, referred to
the total wegght. { i i r ts, in particular

| enses for %’hot 0513%18 Iﬁ%&%ﬁ;ﬁ%ﬁggﬁ g%la&##g%%tgﬁﬁ?%gﬂ@%&p@g{s. exanple DE-A 2 701
173). 13. As7li ghPrdduatiendSfobme (@erfor &famplé DERRNL03QW0T). as | i ght-conducting

cables (see 25 for exanple_ EP-Al 0089 801). 14. As_electrical insulation
materials fof- el eETqdueton plfalrss andithrends fyeq donrxauiphRE-B 1 137 167 and

10 _ DE-A1785137).

9. As translucent plastics materials with a glass fibre content for light
technology purposes (see for example DE-A 1 554 020).

10.  As translucent plastics materials containing baﬁum sulfate, titanium
dioxide and/or zirconium oxide and/or organic polymeric acrylate rubbers

15 (EP-A 634 445, EP-A 269324) for the production of light-permeable and
light-scattering molded parts.

11.  Production of precision injection-molded small parts, such as for exaniple
lens mountings. For this purpose polycarbonates are used that contain
glass fibers, which optionally may additionally contain about 1 - 10 wt.%

20 - of MoS,, referred to the total weight.

12.  Production of optical instrument parts, in particular lenses for
photographic cameras and film cameras (see for example DE-A
2701 173).

13.  Aslight-transmission carriers, in particular as light-conducting cables (see

25 for example EP-A1 0 089 801).

14.  As electrical insulation materials for electrical leads and for plug housings
as well as plug-and-socket connectors.

15.  Production of mobile telephone housings having improved resistance to
perfume, shaving water and sweat.

30 16.  Network interface devices.

17.  As carrier material for organic photoconductors.



as well as plug-and-socket connectors. 15. Production of nobile tel ephone
~ housi ngs having inproved resistance to perfune, shaving water and sweat. 30
16. Network interface devices. 17. As carrier material for organic
. phot oconductors. -25 21 JUN 2006 18. Production of Ianps/llghti&e@
headl anps, scattered |ight panels or internal |enses. 19. For N6
applications, e.g. oxygenators, dlaIyS|s equi pnent. 20. For foodstuff

appl i cations,e. g | esey. ut e a ocol at 21 For
appl i cati ons P é‘p@ﬁilg%g { gmﬁeea?ig ht% &ﬂ”@nl{gﬁt P‘Eféell and
| ubricants may ocgmémapléﬁgbsas for exanpl e bunpers, optionally in the form of

suitabl e blends with ABS or suitable rubbers. 22. For sports articles, such-
as for exanpﬂ@ s| &loomegsbapplicatis, %Ed&(ygamt@m Q’hgb’sw eagipnint. househol d

ticles, K 0 h 24. F
Pousi ngs, 1 oPOcxagl bbbl PPIEH e & BT oNeRtls RAESocoISs Mg S ngs for

eI ectric googlybr UFQe SpARAtOR ihhy &ltSmoBile sebiRNARMY EfttaddRa M ﬁl@ls%ﬁh' ne
"bul | seyes” with inproved resistance to detergents. 15 27. Protective

goggl es, optical dfmncenfsumy cgicasswﬂl as2Br exzamgle bompersngstidnally ki theHferm
appliances with | res n 0 ki tlgl nti trmspher es, in particular
oi | vapours. 29. g@“h@e’fi Ry ta 30. Chip boxes and chip

carriers. 20531. lﬁa& s;%rﬂeaﬁ'tlé’leé?lsh&?atsi 8P Exanpi€ 1o bOres 8X aRhSe fk@hlngbeedi ng
doors or aninmal cages.
23.  For household articles, for example kitchen sink units and letter box
10 housings.
24.  For housings, for example electrical distribution cabinets.
25.  Housings for electric toothbrushes and hairdryers.
26.  Transparent washing machine “bullseyes” with improved resistance to
detergents.
15 27.  Protective goggles, optical correction glasses.
28.  Lamp coverings for kitchen appliances with improved resistance to kitchen
atmospheres, in particular oil vapours.
29.  Packaging films for medicaments.
30.  Chip boxes and chip carriers.
20 31.  For other applications, such as for example stall-feeding doors or animal

cages.

EXAMPLES
The following 'examples‘ are intended to illustrate the present invention but do not

25  restrict the latter in any way.

The relative solution viscosity was determined in dichloromethane at a

concentration of 5 g/l at 25°C.

30  All data relating to the hydroxyl numbers (OH no.) refer to mg KOH/g of
substance. They were measured according to DIN EN ISO 4629.



EXAMPLES The followi ng' exanples are intended to illustrate the present
~invention but do not 25 restrict the latter in any way. The rel ative
solution viscosity was determ ned in dichloronethane at a concentration of 5
g/1 at 25C. 30 Al data relating to the hydroxyl nunmbers (OH no.) refer to ng
KOH g of substance. They were neasured according to DIN EN | SO ??é@ 7 6 21
JUN 2006 The M. is determ ned using a-g2®lution of 5 g of polyne P‘ E litre
of nethylene <chloride via a gel perneation chromatography neasurenment wth
connected scattered |ight detection. 5 Conparison Exanple 1 The aimis to
produce a hi %h mol ecul ar_wei ght aliphatic 1, 6-hexanedi oi polycarbonate
accor di ng t olIBEMI i9detegnmed poing@.solitign o6 5 @rofmellyhergfer 1, 1renafinetbylient , 84. 00 g

(0.71 nole) of diet.hyl carbonate . and 0.0 of 21 %sodiumethylate are
wei ghed oot {HPRE Ehisef BRRACLEpriRo by fudtp b R BRI The vessel
is freed frogagteRsigheddisctidrygen by application of a vacuum and flushing
wth nitrogen (three times) and the mxture 15 is heated and stirred at 100 -

130C for B0 minutes under nitrogen. The ethanol forned is distilled off. The
tenperature bs then rajsed,to 200C and a vacuum of 40 nbar is applied. After
3 hours 0. ZOMMrofornate is added and the nixture is stirred
for a further 3 hours at 250C under a high vacuum After conpletion of the

reaction a white, non-transparent polycarbonate is obtained with 20 an OH
nunber of 2 Z%helaim sdaprodukce e bighrmelecyght weighP&iphatic §,trinx@hediokl ati ve sol ution

viscosity 1. Sglgréarbonate according to DE 1 031 512.

10
80.00 g (0.67 mole) of 1,6-hexanediol, 84.00 g (0.71 mole) of diethyl carbonate
and 0.03 g of 21% sodium ethylate are weighed oth into a stirred vessel with a
distillation attachment. The vessel is freed from atmospheric oxygen by
application of a vacuum and flushing with nitrogen (three times) and the mixture

15  is heated and stirred at 100° - 130°C for 30 minutes under nitrogen. The ethanol
formed is distilled off. The temperature is then raised to 200°C and a vacuum of
40 mbar is applied. After 3 hours 0.20 g of phenyl chloroformate is added and the
mixture 1s stirred for a further 3 hours at 250°C under a high vacuum. After
completion of the reaction a white, non-transparent polycarbonate is obtained with

20  an OH number of 2 and a mean molecular weight of 25,420 g mole™ (relative

solution viscosity 1.30).

The synthesis of a corresponding viscoplastic polycarbonate with a higher relative

viscosity is not possible in this way.

25
Comparison Example 2
The aim is to produce a high molecular weight aliphatic 1,6-hexanediol perhydro-
bisphenol A polycarbonate according to DE 1 031 512.

30

59.60 g (0.50 mole) of 1,6-hexanediol, 23.1 g (0.10 mole) of perhydro-bisphenol



The synthesis of a corresponding viscoplastic polycarbonate with a higher
relative viscosity is not possible in this way. 25 Conparison Exanple 2 The
aimis to produce a high nolecular weight aliphatic 1, 6-hexanedi ol perhydro-
- bi sphenol A pol ycarbonate according to DE 1031512. 30 59.60 g (07 50unomg) of
1, 6- hexanediol, 23.1 g (0.10 nole) of perhydro-bisphenol -27 21 JUN 2006 A
84.85 g (0.71 nole) of diethyl carbonate and 0.03 g of 21 % sodi um et hyl ate

are wei ghedAQ84.851t(0.7a rhdle) 6deMeScaebonatd dhda.08 §bif bl Gl dodiunatihgt@at . The
vessel is freed from atnospheric ox%gen by application of a vacuum and

f1ushi ng wi t Weighed egleinto ¢ stireslevessahnath adigilfationmitaelunenti Thheassehisdregdstirred

at 100 - 130¢ fo 1.nut nder _nitr n...The hanaol f.orned is

i stilled of FormmsseisEsfdrby Prffaibn PRl R SbeAR I O MR of 40
nbar is appl thfbe tihdsPEnBthB ik fur®isdfea@d ahd siheny 100hL QR @ Fdraloaminateadded and
the mxture is stirred for a further 3 hours at 250C under a high vacuum

Af t er condl ethdss ngfogene The sbhenelrformed isrsydiednfl. Thedempératuge ispthe ned with an

OH nunber of _l.e 13. and a | ecul ar i,ght 6532 g nol e"
(rel'ative softtaigh 2003 au £ et ¥oanBerd oy 2Xhst SuRts a0 gtai ng
vi scopl ast i cppé&lyy elbRIGR e W ddded@akt] BB fixfued Blsti¥Rd fl SRPEkE ¥ hand at hus
nol ecul ar weli ght is not possible in this way. 15 Exanple 1 The aimis to

produce a hi gr0%ohralenk rghwaicyim. Alfiephempletion 6f thexasntidnal transpdrgntar bonat e. 20
94.14 g (0.8 le). of, 1, 6-hexanedi ol .. 158. 04 .9 (.Q. 74 nole) of di phenyl
car bonat e anHngi}l%t)Zf_s ﬁgg’f#egi‘%‘ﬁt #H @E[ltrwli't?eﬁfﬂ?ﬁ ﬁ‘gn égtfnaélrﬁ?ﬁé‘é“@ﬁfﬁfiﬁt o a stirred
vessel W@ h @efnsbi b4Btd BRI kaAsVERIutiohRessispel12).s freed from at nospheric
oxygen by ' :

The synthesis of a corresponding viscoplastic polycarbonate with a higher relative

viscosity and thus molecular weight is not possible in this way.

15 Examplel

The aim is to produce a high molecular weight aliphatic 1,6-hexanediol

polycarbonate.

20  94.14 g (0.8 mole) of 1,6-hexanediol, 158.04 g (0.74 mole) of dipheny] carbonate
"and 0.64 g of bis(tributyltin) oxide are weighed out into a stirred vessel with a
distillation attachment. The vessel 1s freed from atmospheric oxygen by
application of a vacuum and ﬂushﬁng with nitrogen (three times) and the mixture
1s heated and stirred at 180° - 185°C for one hour under mitrogen. The phenol

25  distillation starts at approximately 181°C. The temperature is raised stepwise to
210°C so that the phénol can be constantly distilled off without any problem. As
soon as the reaction temperature falls a vacuum is applied, which is slowly raised
to 0.01 mbar so that last residues of phenol can also be removed from the reaction
mixture. The overall reaction time was 16 hours. The reaction mixture was

30 cooled to 80°C and only then aerated. The OH number was measured and found

to be 56 mg KOH/g.



application of a vacuum and flushing with nitrogen (three tines) and the

m xture 1is heated and stirred at 180 - 185C for one hour under nitrogen. The
phenol 25 distillation starts at approxinately 181C. The tenperature is

- raised stepwise to 210C so that the phenol can be constantly diZdtjUN mgg of f
wi t hout any problem As soon as the repgtion tenperature falls a vacuumis
applied, which is slowy raised to 0.01 nbar so that |ast residues of phenol
can al so be removed fromthe reaction mxture. The overall reaction tinme was
16 hours. The reaction mxture was 30 cooled to 80C and only then aerated.
The OH nunbelBowsg n’éa@umalyatmddmcduhdxamcdiobpolwearbgna(@mﬂ.nozf SBUN 1005 -28

ey 32 o F8 B S O P et BBt A 20 s 80 P8 § 5 h0a
nol e) of di b;%}ebbralbwﬁ&?oﬁe@ aBl bRk &Htmtbrats@irﬁd%ssrer @rﬂh‘é"tﬁ&ﬁlaﬂ%t h a

distillation 5 attachnment. The vessel is freed from at nospheric oxygen by
appl i cat iSon afachmestc Ulthe vesst] {4 focedi fgn winidsphetic m:gs@en(btympphcattlonmﬁ)a and the

mxture is nelted at ature is raised to 190 m xture
is stirred fHU8H Wrﬂlﬁsg@g Wpﬂ'bmtrpg @FI&F Gimes) %nd%ﬁfm?‘@ﬂ%@éﬁgf é%gloeand t he
pressure is ’Fﬁ@ﬁrﬂp@%ﬁx@% R ed Q9 lﬂ@’i‘l& %nd:’/%ﬁ b Rrus0isBHRE 85 60TRE éﬂ&epﬂi formed is

distilled off over 60 m nutes. cuumi1s then inproved stepwi se to 50
nbar within @Mhperaturt ésnat rétmaed tohkﬁOﬁ@add theeprpmuai mrtberr]lower@i toTIO® mpsa@ssure i s

reduced to 10. w thin_90 tes i ncrease in_the head

t enper at ure, V. Hgla:iﬂ@ﬂultqs T%Bﬁi’ F%O %ﬁldﬁgﬂm 18? "f"ﬁ?g@]g}m‘g@s Futes at 190C,
The m xtyy e | r f nder a
hi gh vactqjm b%u ?’?eﬂe}ﬁ g‘??:%dghage?r’fé&[}?gglﬁéﬁg{h}%?gﬂﬁg‘g&ﬁgl\}lﬁhut l<i';118(%gal&rjrean

nmol ecul ar wetegmeramiremuﬁoa‘}g predsere’is asdd caitod mbarbeithin 90 rematesvathoht

(relative solutjion viscosjty 1.540 20 The ai s to prqduce a
hi gh mol ecul & Wgieattindhs peas;ieapara r?\éﬂ?&ﬁ%&'ﬁ Sil?rb}séﬁmmuedr?oraﬁm}lef 90

minutes at 190°C. The mixture is finally distilled for a further 20 minutes at
190°C under a high vacuum. A white, viscoplastic product is obtained having a
15  mean molecular weight of 50,600 g mole™ and an OH number of less than 1

(relative solution viscosity 1.540).

Example 2

20  The aim is to produce a high molecular weight aliphatic 1,6-hexanediol/Dianol-

220%® polycarbonate.

94.14 g (0.8 mole) of 1,6-hexanediol, 158.04 g (0.74 mole) of diphenyl carbonate
and 0.64 g of bis(tributyltin) oxide are weighed out into a stirred vesse] with a

25  distillation attachment. The vessel is freed from atmospheric oxygen by
application of a vacuum and flushing with nitrogen (three times) and the mixture
is heated and stirred at 180° - 185°C for one hour under nitrogen. The phenol
distillation starts at approximately 181°C. The temperature is raised stepwise to
210°C so that the phenol can be constantly distilled off without any problem. As

30  soon as the reaction temperature falls a vacuum is applied, which is slowly raised

to 0.01 mbar so that last residues of phenol can also be removed from the reaction



220(r) polycarbonate. 94.14 g (0.8 nole) of 1, 6-hexanediol, 158.04 g (0.74
nol e) of di phenyl carbonate and 0.64 g of bis(tributyltin) oxide are wei ghed
out into a stirred vessel with a 25 distillation attachment. The vessel is
freed from atnospheric oxygen by application of a vacuum and fl gghj UWgZﬂgB‘ th
nitrogen (three tinmes) and the m xture_ops heated and stirred at 180 - 18

for one hour under nitrogen. The phenol distillation starts at approxi mately

181C. The teferal Up. {8 SB0WS 96 biurs? A€ 8RBA APEwRENOl can be

constantly disti out any pr soon e reaction
tenperature ktabled taB0 arandnonlytieppeiacd, Thei @H numbst aab yneaaireé@and foand. 01 nbar
so that |ast resi dues of phenol can also be renoved fromthe reaction 21 JUN
2006 -29 ni xtube36 Mgl gal | reaction tine was 16 hours. The reaction

m xture was cooled to 80C and only then aerated. The CH nunber was neasured
and found to be 56 ng KOH' g. 5 17.63 g of previously produced hexanedi ol

pol ycar bofat &7(68H re\+10 &dﬁ@&ﬁhexﬁﬂé&dl polybartiongte((@H0A4.2= 58 2009sf di phenyl
car bonat e, 17.54 0504 m)l e) of Dianol -220(r and 0122 % (4.8 x 10-5
I

nmol e) of di bmcg)c)s 6@(@«9%2@mhﬁuo@ﬂdmiw@yﬂtcarbqn@t@,é éégr(pé)é%m ofwith a

distillati tt . | f h b
appl | cat 1 on SEOTZAT A ANl 2 IR LY et erbialin BEpaE YebPRENs “and ¢ he
m xture is mehhqdtitled Yel6h wﬂiﬁadﬁs@lmmﬁasﬁwcﬁmeﬁt r”PHeS\f‘e@sél(?s A8Qroand the mixture

is stirred for 60 mnutes. The tenperature is next reduced to 160C and the
pressure is wmmospheweoxgen byrpplicatian O\ﬁ/atvmuurmamdrﬂmln$W1ﬂﬁlwrogme(ﬁm¢efor med is

distilled off. over m.nutes. Follo s, the vacuum ved
st epwi se?Qo sEethd \%FIIIH?‘W"@@ Wlm%ig%% ’Etmterpﬁgraﬂgaép ’iaé‘r‘?éé? ﬁ@; 15 rising.
The pressur e 4h§ fSHHERE if Qirfdd fHPé('j mifnftéd. MR e BULEE (9N dN AlucaMp | ncrease in
t he head tenperature, and distillation i1s continued for a further 90 m nutes
at  190C. Thd6AiCtnrt theipseskungas then dowsered tetOF mbamawithint30enin®EEsnilhet es at 190C
under a phenol formed is distilled off over 60 minutes. Following this the vacuum is

improved stepwise to 50 mbar within 90 minutes without the head temperature

15  rsing. The pressure is reduced to 10 mbar within 90 minutes without any increase

in the head temperature, and distillation 1s continued for a further 90 minutes at

190°C. The mixture is finally distilled for a further 20 minutes at 190°C under a

high vacuum. A transparent viscoplastic product is obtained having a mean

molecular weight of 55,200 g mole™ and an OH number of less than 2 (relative

20  solution viscosity 1.514).

) Example 3

The aim is to produce a high molecular weight aliphatic 1,6-héxanediol perhydro-

25  bisphenol A polycarbonate.

94.14 g (0.8 mole) of 1,6-hexanediol, 158.04 g (0.74 mole) of diphenyl carbonate
and 0.64 g of bis(tributyltin) oxide are weighed out into a stirred vessel with a
distillation attachment. The vessel is freed from atmospheric oxygen by

30  application of a vacuum and flushing with nitrogen (three times) and the mixture

is heated and stirred at 180° - 185°C for one hour under nitrogen. The phenol



P

hi gh vacuum. A transparent viscoplastic product is obtained having a nean

nol ecul ar wei ght of 55,200 g nole-' and an OH nunber of less than 2 (relative
20 solution viscosity 1.514). Exanple 3 The aimis to produce a high

nol ecul ar wei ght aliphatic 1, 6-hexanedi ol perhydro- 25 bi sphenol Z@ U

pol ycarbonate. 94.14 g (0.8 nole) of 1,gghexanediol, 158.04 g (O 4, H[Z[U@) of
di phenyl carbonate and 0.64 g of bis(tributyltin) oxide are weighed out into
a stirred ve t eed from
t ospher | o CRola S et YA et £ tr ogen
(three tines}lGhiso thet thie yhetiod can Ise bmstaady dixtilisd bffveithait aﬁﬁﬁroblelﬁ5@sf0r one
hour under nitrogen. The phenol -30 21 JUN 2006 distillation starts at

appr oxi mat el §eoneEche rEagtiqrelypprEature &2ljse Yaspwmds apRisdi ‘é’hmbds slowdraisedt hat t he
phenol can b t n as the
reaction temﬁ))egg[| E&rbgp%%ﬁagiagﬂ\?%gﬁ%m iP ée%m PRHEO%%?IH I\i?srea%g%sed to

0. 01 nbars SOn’hk‘t&fe.|'H‘&tovl’e%1irdhkﬂﬁ)n(1fm@ﬁ§@% h@@@ EIhS@eab&oxli ﬁ{mmesiwﬁg om t he
reaction 5 m xture. The overall reaction tine was 16 hours. The reaction

m xture was ceded BBQ°E ®donhhthen aprptedhdie 481 avmber waemepsunedhanst fowad neasur ed
and found t g. 51.41 g of previously produced hexanedi ol

pol ycar bonat gc’l%d—?sg]g%ﬁ%‘{ 0.028 10 nole), 22.92 g (0.107 nole) of diphenyl
carbonate, 17.31 g (0.072 nole) of perhydro bi sphenol A and 0.0203 g (8.0 X
10-5 nole) of dibutyltin oxide are weighed out into a stirred vessel with a

di still ati onShtH &afmestiousinproguesddiexprediql @elycarosatedOfbapied. ©- Béygen by

mxture 18 oS 5 VA0 el R el At B L S O SR L e

mxture i s shedhyed-Hisghel Aand0ER03 BH8.0beNPTmald) bE dibatyIgX bxidedused to 160C
and the pressure is then lowered to 100 nbar within 30 m nutes., The
weighed out into a stirred vessel with a distillation attachment. The vessel is freed

from atmospheric oxygen by application of a vacuum and flushing with nitrogen
(three times) and the mixture is melted at 150°C. The temperature is raised to

15 190°C and the mixture is stirred for 60 minutes. The temperature is next reduced
to 160°C and the pressure is then lowered to 100 mbar within 30 minutes. The
phenol formed 1s distilled off over 60 minutes. Following this the vacuum is .
improved stepwise to 50 mbar within 90 minutes without the head temperature
nsing. The pressure is reduced to 10 mbar within 90 minutes without any increase

20  in the head temperature, and distillation is continued for a further 90 minutes at
190°C. The muxture 1s finally distilled for a further 20 minutes at 190°C under a
high vacuum. A transparent viscoplasﬁc product is obtained having a mean
molecular weight of 46,600 g mole” and an OH number of less than 2 (relative
solution viscosity 1.481).

25
Although the invention has been described in detail in the foregoing for the purpose
of illustration, it is to be understood that such detail is solely for that purpose and that
variations can be made therein by those skilled in the art without departing from the

spirit and scope of the invention except as it may be limited by the claims.




phenol formed is distilled off over 60 mnutes. Follow ng this the vacuumis
i nproved stepwi se to 50 mbar within 90 mnutes w thout the head t enperat ure
rising. The pressure is reduced to 0 nmbar within 90 m nutes qQut any
increase 20 in the head tenper aturg and distillation is cont| nu d fU8r2086
further. 90 m nutes at 190C. The m xture is finally distilled for a further
20 ni AVHALISELABMEDIS e a  hi gh vacuum A transparent vi scopl astic product
i s obtained having a mean :nol ecul ar wei ght of 46,600 g nole'' and an CH
nurrber of less than 2 (relative solution viscosity 1.481). 25 Although the
i nventli on Kagroprse ot gscprodistion f depadydartionate tventhininggasi lgst fooe aliphetipur pose  of
illustrati 0 u I or that

pur pose ang&ﬁ&gonh%a%l?a% on gl% Brohg:?ﬁg[ %efrag'i ﬁi%tggul%%g%egﬁgl%ﬁf e%j in the art
wi t hout depelytarbogate by meacheg alsppatrqcholanﬁthsﬁmpela(ﬁ) the invention except as it
may be limted by the clall_fr@ 3L VWHAT I CLAIIVED 'S: 21 JUN 2006 1. - A
process for the production z; éHI ycarb ate containing at |east one

al i phatic wperbmcmrabd)rfahe defiedkas moﬁspmulm(wg[) (vii)h ﬂfa@ﬂhﬁﬁdoﬂ@eﬁ ot @iyl ecul ar

wei ght ali tic ) onat re tic of the formula

(1) H [OTQTQ 36‘5)‘30 éﬁ %Pﬂ“%ﬁ‘s%“’ %%?’F%J%*R’QE atjc p ya?r aéF‘(“\?H) with

di aryl car baaa@u edberatedinal eyt umast&ﬁnaﬁ@ﬁpraaes fol foym & MEheRSlbdidhr tRgeht Ow nol ecul ar
carbopate with. diary onate in a nelt

wei ght ali
transest er ELFH%E%‘{ P HC%P%@S aing ?dYeﬁﬁhéfaYﬁr"gqﬁ ’ﬁ‘blF%&El WrighieMy i atdF"rsbhatl c
pol ycar bonag,eoonpmbled, cempkigRnaved agies Joatceaitgas forabliymM  of at |east 30, 000

g mole"', conprising structural units conformng to formula (VI1) OO t*
(VIl1) wherein n is a nypber between 1 and 100 and

*/PLO T——0—— (VI

wherein n is a number between 1 and 100 and

T independently of one another denotes a branched or linear, saturated or unsaturated
alkyl radical with 2 to 40 carbon atoms,

whereby the second stage (ii) is carried out in such a way that a mixture of low
molecular weight aliphatic polycarbonate and diaryl carbonate is melted in an inert gas
atmosphere in the presence of a catalyst at temperatures of 105 °C to 235 °C under
normal pressure and for 0.1 to 5 hours, the subsequent condensation is then carried out
by reducing the pressure and raising the temperature to 160 °C — 280 °C and the
hydroxyaryl component that is formed is distilled off.

2. The process according to Claim 1, wherein the melt transesterification is carried out in

the presence of a catalyst.
3. The process according to Claim 2, wherein the catalyst is dibutyltin oxide.

4, The process according to Claim 1, wherein the melt transesterification is carried out in

the presence of at least one alphatic diol.

5. An aliphatic polycarbonate having a weight-average molecular weight M,, of at least

30,000 g mole™, comprising structural units conforming to formula (VII)

8]

x{j\o“‘r*———*o—k* (VID



T i ndependently of one another denotes a branched or |inear, saturated or
unsaturated alkyl radical with 2 to 40 carbon atons, whereby the second
stage (ii) is carried out in such a way that a m xture of |ow | ecul ar

wei ght al i phatic pol ycarbonate and diaryl carbonate is nelted igqaﬂﬂﬁﬂ&&t gas
atnosphere in the presence of a catalyyst at tenperatures of 105 Cto 235 C
under normal pressure and for 0.1 to 5 hours, the subsequent condensation is
then carried out by reducing the pressure and raising the tenperature to 160
C - 280 C and the hydroxyaryl conmponent that is fornmed is distilled off. 2.
The process according to Claim1l, wherein the nelt transesterificationis

carried out in the presence of a catalyst. 3. The process according to Caim
2, wherein the,catal

st is dibutyltin jde, 4. The process according to
Claim1, WherE’PF{"{%}/SM‘F“SWbﬁ%"é’é{lé@flﬁﬁgﬁ%n is carried out in the presence
of at |east one al phatic diol. 5. An aliphatic polycarbonate having a
wei ght - average nol ecul ar weight M of at least 30,000 g nole', conprising
structural unilt ;dependentisi off dne drothan| denoids |9 bedrichgd 2t liMehk, 2QBfrate@ Drwher ei n n

is a nunber between n 00.and T.independently of ope .anoiher denotes a
br anched or IPW\égF?teééﬁﬂfé"gaéﬁl&l %F&é‘?aﬁﬁ?%awgr%r aragical go 810t o 40
car bon at ons, a radical conforming to (Vi) A-OCA-CGAl (VIIl) wherein A

denotes branched or linear, saturated or unsaturated alkyl radicals wth 2
to 40 carbon atons and -O- Ar-O denotes an aromatic radical with 12 to 24

carbon atons. 6. The aliph t%g %Lycar bonat epared by the process of Claim
1. 7. The aliphatic pol‘@é FdoRz pr epar ed he process of Caim 2.

wherein Al denotes branched or linear, saturated or unsaturated alkyl radicals

with 2 to 40 carbon atoms and -O-Ar-O- denotes an aromatic radical with 12 to

24 carbon atoms.

6. The aliphatic polycarbonate prepared by the process of Claim 1.
7. The aliphatic polycarbonate prepared by the process of Claim 2.
8. A molded article comprising the aliphatic polycarbonate of Claim 6.

9. A process for the production of a polycarbonate containing at least one aliphatic
polycarbonate block, comprising (i) producing a low molecular weight aliphatic
polycarbonate and (ii) condensing the low molecular weight. aliphatic
polycarbonate with diaryl carbonate in a melt transesterification process to form
a high molecular weight aliphatic polycarbonate having a weight-average
molecular weight M,, of at least 30,000 g mole™, comprising structural units

" conforming to formula (VII)
§




8. A nolded article conprising the aliphatic polycarbonate of Claim6. 9. A
process for the production of a polycarbonate containing at |east one

al i phatic polycarbonate block, conprising (i) producing a | ow nol ecul ar

wei ght aliphatic polycarbonate and (ii) condensing the | ow nol ecql;ajUNV\E'g&ght.
ali phatic polycarbonate with diaryl arbonate inamlt transesterification
process to form a high nol ecul ar wei'ét al i phatic pol ycarbonate having a
wei ght - average nol ecul ar wei ght Mwv of at |east 30,000 g nole', conprising
structural unit conf orm o, foroul 1) 10T O_ (VU Z 1 JUN 2006
-33- wherein nwﬁgregrhﬁmnr%éﬁawgﬁniua&ﬁééq and T denotes a radical
conformng to (MI1l) AI-OAr-CGA (VIIl) wherein Al denotes branched or

| i near, saturated or unsaturated alkyl radicals wth 2 to 40 carbon atons
and - O Ar- O d&mdeneiss aradigabeenfprning® CdMwi th 12 to 24 carbon at ons.

Al1-0-Ar-0-Al (VII)

wherein Al denotes branched or linear, saturated or unsaturated alkyl radicals
with 2 to 40 carbon atoms and -O-Ar-O- denotes an aromatic radical with 12 to

24 carbon atoms.



