:83eR6, T V nnin nnnnu nnn nn *159159* -1 *cooooz* PRODUCTI ON AND USE COF
H GH MOLECULAR WVEEI GHT ALI PHATI C POLYCARBONATES FI ELD OF THE | NVENTI ON 5 The

present invention relates to highsnol écul ar wei ght ali phat nat es
and a process for their manufacture. SUMVARY OF THE INVE!\I'MIIWW ’Immm gs for
the p ; ﬂ hi gh nol ecul ar wei ght aliphatic pol ycarbonat, s 10 .

di scl Hm‘mm“mmm“m “Lcess entails a firsti-stage wherein a | ow nol g%ﬂ% ar wei ght

al i phati c, car bona Olﬁ. ] 8D STgsi re the | ow
nmol ecul ar év?\sg;ioéht alip gt Ig{g MMQ%%EPQF Mé \'%Iﬁ di aryl carbonate

in a melt transesterifi eatof—process 6 o1 ecul ar wei ght

al i phatic polycarbonate. The resulting high nol ecul ar weight aliphatic

pol ycarbonate is 15 suitable for the production of extrudates, filnms and
nol ded articles. BACKGROUND @@M@Mﬁﬂ%r oduction of |ow

nmol ecul a i Aol - ' j j - i ndustri al
scal o as eadatea bR B e Bl e B e e,
t he product iafd a@hodeasMforphacmbmifasdaieght di ol -term nated al i phatic

pol ycar bonates i n honbgeneous phase from chlorinated carbonic acid esters
and aliphatic diols is described for exanple in DE 2 447 349 A. The
production of such polycarbepaieR Y oFMPHRIRRE ary process from

chl orinated carbonic acid Zg—m—a—m ols is described for
exanpl e i n DEpdcésktoi thé phoddctioadfhighanolBnl@ vodlght3gidhdtic plfychrbeifates3d A and

DE 10 027 907 Al for exanple describe the production of such polycarbonates
in a trafsestiaseichqRAC F%@@%am%ﬁﬁa&amﬁﬂbaﬁw@%ﬁ@weﬁm al i phatic
diols. SO AdkiphlIRSSINEARRAS Rl MAGATIAN 48 VIRAL HeGobHAliLfIg Max! mum
wei ght-averagg nolecul ar wei gﬁt MV of the polymers are 15,000 to 20,000 g
nmol e-' . Prefeghtediphatic?pehpdagtoanate is wendgnsed Wih diandusthonate insends f eedst ocl cs

in the prodyction ol yur et hanes are.between 350, and, 3000 g nole'".

Furt her reag’fainﬁ?ft%ﬁ{ctaﬁ%n %‘6\%}35}«?3? 3%‘?}! %ﬁl%p%lﬁ?uﬁgo\yvglétr%lghgg% pol yners t hat
can be obt aiga@gatdnbii ?ha\@exumﬁgfh@g}mbiegmaﬁwbigﬁm@haw@bagéarbwt@1sy al i phatic
pol ycar bonates has not hitherto been described, althou it would be very

usef ul dA acviehle fofthe hrodveier efexibistesdilms pnd mokdsdartides stricture due to
t he use of cheaper nononers to replace aromatic hi gh nol ecul ar wei ght
pol ycar bonat es by corresponding aliphatic raw materials. 10 H gh nol ecul ar

wei ght pol ycar bonat es wi t I'B ACKGIROURDPOFYIGHE DovENTIONOCKkS have up to now
been described only in a few special .cases. Faor exanple, EP 000 060 Al

describes t ReheTadirdion of 107 melephlarsyceh dinl-tamipgied pénhpte pelycarbonates
copol ycar bongt aq'isindﬁﬁri%lmcﬁe %@?e%ﬁ%tg&s%{ g%ﬁ;lr@{uc}’:iﬁ% gﬁ%%lgglleyﬁhgy fs%gwﬂ.x i de

diols are 15 converted to brschlorocar acl r esters extended
via carl@nate groups. These are reacted further with bisphenols to form

pol yal kyl ene_oxi de di ol .bi s-di phenol. carbonates extended. via carbonate

B oups. whi CHRr BerRoHh BoRLEao e BT oA B iE s i th

phosgene and,dy@PhaRk n hombSmBbROPNASE i8M chlorinated carbonic acid esters and
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 M,, of the polymers are 15,000 to 20,000 g mole™. Preferred



.. polycarbonates. Polynmers with nmaxi mum nean nol ecul ar wei ghts of 250, 000 g

20 nole 1 are obtained by this conplicated three-stage process. A

di sadvantage is the fact that the.aliphatic starting caonpounds are

- restricted to polyal kyl ene oxide diols. Furthernore it is not possible to
produce high nol ecul ar wei ght, purely abi.phatic pol ycarbonates in this way.
25 US 3 161 615 described the production of high nolecul ar wei ght

1, 6- hexanedi b G AROKYSATON ARSI ial Mbe As FddiSiocRd iBRh&ploatedBH scul ar wei ght

1, 6- hexanedi ol polycarbonate is forned by reacting 1, 6- hexanediol wth
phosgene i n poyyirethaess artibetwesnBiGand Pallycaobonat e t hen bei ng react ed
further with bi sphenol A and phosgene. However, it is not possible to
produce high nol ecul ar weight, 30 purely aliphatic polycarbonates in this
way either. i f : i t he fact
t hat the useFuggéBﬁcgggoeiﬁgM?g?&?%loﬂlfs&P ?a?gblélgigﬁcg%%gﬁtf gls}ferfg:rrlE gﬁl Eli f}?ecult and
conpl i cated dwaineyinrthsgery td foun hiph maesilaewalghe psedeslyphraiisks and hi gh
material costs due to corrosi.on. DE, 1 031 512 describ t he praduction of
i gh ol ecurBRYRERIES B BHAVIPE D B LERhet altoieh ToroRgrbergry B eacti on
of “for exanieackefnRENRQHERLrBRnS e iiabRA BN R BE1 @b kal bf cat al ysi's
to yield high nolecular weight aliphatic polycarbonates, a base-bi ndi ng
subst ance sudleapss aomexsivopeplaghanyiatic highrwplscwtat weightpollyearheltiees o t he
reaction in tohesol i gom?lr rﬁn%ﬁ’*’ At 10, di sadvant age has proved to be the fact
that, after ThE 1?10&9 153 }p% ¥ i efjﬁg' catal yst, the transesterification can

be contipgued only to a limted extent. Fromthe applicants' own experinents
it is luiown that the achievable nolecular weight is |imted to

appr oxi mat eljighgndeonly weikkt polydddheamates withhadipheliy pelyearhenase hiogkyhave

vi scopl ast i raoperties. only.above this | ecul ar- wei ght r , the 15
producti on gt}potr?‘ilg’é”d%%eﬁidﬁg%f%g ‘% N caattré L lggcag?:st':ol:ro&ieﬁgm?lg’ fgﬁiogia\p())r%gcess i's
not descri bedl dddeeibps M@ pedduetion bf high ndredigarud éiphiviil gdilierlconear al i phati c

pol ycarbonates fromcyclic aliphatic_carbonates is_described in EP 0 236
862 A2. CyclRUY@rhqmtssi én this ease yh Brodecudar v esghityprbralladens axide Pl bpeni ng
sol ut 1 0nspol IELA &AL IR B S BERIHTIHobg GBI Udetlisd vitabolfief O exanpl e
butyllithium in the presence of aprotic drganic solvents to torm

pol ycar bonat@supsPdlheseas readidd funthecwithbisphergilt ® fofmpplytadiyl@@, GAde gohol e ~
bat ch pr oducit-GiPHREo GRoTalRs EHiSRUREGE CRCTHG CHuReaN LR b OB BBa
exot herm ¢ pgliydTBKdsg BbiQRryPrREssties b &dBi§iHeRb 8o BimAldIPS&Rber i C
oxygen and noi s‘?glres and atryPerrpSesr at u@gggolf -50 fﬂo 0C. Themra%nge of

commer ci al | ypodycibcaiates. Epbiniars withpheaiinomoaesomateeslar wetabieofeS0I000iz ed to a
o Ty R e
pol ycar bonatfast tB& the alighatie Q&giikd CondsREsl aftgettficleBits ppIyOIkeRSe oxide4 Agai nst

t he background of the prior, art the problemtherefore exists of providing
an unconpl i cliflsd Fyrtbersaese itdf netRospplsdaProdise bighnmglscwar weighh Pui@y ght

al i phatic paq - t-aiqni al i phatic pol ycarbonate bl ocks that is
sui tabl e forélgb%?gér)g@%%ﬁ%%?&ol t@g?‘%&s al i phatic diols as starting
materials and at the sane tine offers the possibility of producing m xed
hi gh nol ecul ar- wei ght_ al iphatic pol ycarhonates. This, qQbj. ect ha

sur pri siﬁg! yUée'%e]rgSIS@S\pgacr&;:dtt%prp%gtg{n@ﬁn b Belrcrlap e éeﬁs‘]ée"&%‘fﬂ?]di ng to
the i nventi afbpohaBEAks. Bl PESCREFTIENaFecirE wAMENTS Bkanediol

polycarbonate is formed by reacting 1,6-hexanediol with phosgene in pyridine, 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.



The: present invention provides a process for the production of aliphatic
pol ycar bonates containing aliphatic polycarbonate bl ocks. In the first
stage of the process characterize.a | ow nol ecul ar wei ght aliphatic

pol ycarbonate is prepared, 15 which pol ycarbonates are in a second stage is
condensed according to the nelt transesterifrcation process to form high
nol ecul ar wei ght aliphatic pol ycarbonates. Low nol ecul ar wei ght aliphatic
pol ycar bonat e
ol Lol ar nes ol e U B PO e S e A LN REAE et
pol ycar bonatfesmdnﬁrlalrmscmohiqmnmesmsrm%nuhvan@bd)mplqcaalteablmvmg negaﬂdao theei ght of
20, 000 to 500, Q e values are to be re arded as exenpl ary
and not exc|q9§§18%ragl§ {mmlﬁap lgé’dﬁﬁté?i‘l C(?FtsthEt‘b?%% D-i nvention the

nol ecul ar wei ght or nean nol ecul ar wei ght of oligopolynmers or polyners is
al ways understood to be the wei ght-average nol ecul ar wei ght unl ess

speci fi cal | yDEI &3éd1dtdasmibies the pfoddiceibn phiighan@edwaoavdginadpbatar e i denti fi ed

above and her fter th 30 al.i.phatic.g ps at..the_ carbonate
oxygen atompﬁgf‘?& n"ftl‘?éfsé %{pﬁpﬁé\f/ﬂec‘e@‘i“dﬂg f ampleS{ gg\%@?pl &% oupl ed

entirely vi %&ﬁgraw&la&r@aeﬁémﬁbaﬁﬁ_k/ﬁs @&¥1Lenn9gnﬁmﬂ&uﬁm@gﬁtghﬂﬁmps are
directly bound t he carbonate oxygen atom bonds. As processes for the

product i on gfolydacbonaiss,rabase-bimiingwibgianceaduichhafirexsmplsiphenylbonat es in t he

first stage t he proce rding tg.the jnvention, there may in

br i nci pl o beARRTEE 5% Be B068 RiBchertio VRS T TS ko ¢ he- pr oduct f on
of pol yqar bangidQath& ifas pRoked 1§ HO BRSBEShAT EAHBEheRRUZ AR HBEPAtS SN the
fol lowing applications: DE 1 915 908 A, DE 2 447 349 A, DE 2 446 107 A DE

10 027 907 Ahe rgmestenfigatmosanbe pontgmed anly4 adimitsd @gent7 Fromgile ai d EP 1 134
248. 10 Howeve hose [rocesses, | al i phatic
pol ycar bonataé’gflcanttscé)rw b eldldlfmt\ﬁn] lﬁgﬂ?w?ﬁemhhseeacg gﬂg%og%cél? Wel%hté? erred.
These i ncl udgnitéd @&!pbtdiﬁuhﬁélytmmeldlf IH@tdver] thé PSI9ESRshavt lbefGRr boni C
acid diesters, such as are described in DE 1 915 908 A, DE 10 027 907 Al,

DE 2 546 5341§%opBstiopmpgrtigsonlx ahave this molgeganwaight. Noreayem the ng to the
process 1§f i trﬁ‘&ldc‘ﬁ\éﬁ Bt bR fed Jlﬁ%aﬁﬂ# y&!r&gﬁ &A'a %@Jdﬂlgttﬂ ik B%t%%]s%a I.Bg r gfar bonat es

are m xe a second sta

car bonat e anids@jiiedonal |y aI i phatic diols and are condensed in the presence
of a catalyst and under reduced pressure at tenperatures of up to 150 to
320C, 20 preferably 160 to 280C and particularly preferably between | 80 and

220C, and thﬁld}%@&&’%ﬁ%ﬂllgﬁ%@&ﬁﬁtw& ﬁ’trlﬁ@ir 3| lﬁEQpr/cQ‘béﬁAtéé f#gmof f. At all
times the pressure is selected so that the hydroxyaryl conponent may be

distilled ofdyché alighatic garpopatedis describlad sn BP s330r&62nedr Cpelic dipbatic 000 nbar up
to the Bhah yacun tangs. densnding on.hs SRIEBRIENH AL Sk be

organometallic catalysts, such as for example butyllithium, in the presence of

aprotic organic solvents to form polycarbonates. Polymers with molecular

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 neopentyl glycol carbonate. A production of mixed aliphatic polycarbonates

30  is not possible according to this process.



.. 25 The present invention also provides the high nol ecul ar weight aliphatic
pol ycarbonates per se that are obtainable in this way, which are
characterized by a good property profile, nanmely a good viscoplastic

- behavi.or with a wei ght-average nol ecul ar wei ght MWV of at |east 30,000 g
nole 1, preferably 35,000 g nole ~, and430 the use of these pol ycarbonates
for the production of extrudates, filnms and nol ded articles, and these
extrudates, Aphiast theBadkgtcigd ofitHe pilogartpke pBlem thefefditexiddbtabvidafg ni ti ons,
paranmeters and expl anations given above or hereinafter in general terns or
i n pref er r edair Bifgarlisaipd aresessoer hemsedistion phhighanelpguley Wﬁlgghaillﬂélﬁm her, i.e.
bet ween t he 2t r es an . I S

c@??zﬁﬁéﬂa\(eg co gnd%% 4 1p§1a8§\g§]&§%1@8€3&5 ?R}%ﬁ% tha%rﬂes}'utg’&g o

appropri ate e end pro S recursors-an

i nt er medi at elabgeli@Eles b vaishsfaliphcQREIS 98 StanhgWRbterigls apd ec@s sait gpg. For the

first stage of the process according to the invention suitable aliphatic

di ol s ar @ t helfes die paseibildy afipedusiye noxehiagh aldjequjapweigli@ipPpatic n is a nunber

between 1 an dé&gbmgﬁ%ferably 1 to 80 and particularly preferably 1 15 to

45, arid T dendtes a branched or |inear, saturated or unsaturated al kyl or

cycl oal kyl radical containing 3 to 20 carbon atons. Preferred are

saturated, linear alkyl diols with 3 tQ 15 carbon atons, particularly

preferably wibi§ oBjcchhaEupsisHieh brcafelveAbythotvsirgs piodurdqn HPesssrabl y with

6 to 10 carb : ially also with 7 to 10 carbon atons. The

fol |l ow ng na%ﬁggﬁﬁgﬁvﬁgﬂgﬁﬁﬁéfmay 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_propanedial, 2- hyl - - pr iol,

3-msthy|-1,5-pentanedi-p%;“—dL jm§$gggﬁﬂﬁéﬁﬁﬁyﬂﬁgIﬁﬂ&ﬁ?ﬁﬁﬂ#

2,2, 4-trimet gyl 51O BRXANAL O des 2RI fof uf NIEIAARAI Patiphati
i o AR Floes Sx RS h i s

2,3,5-trimet , ohexanedi net hanol , opentyl glycol,
etc. and pol peytarbanesgoyaling pithapc pplycaengt piooks. Ipdhe/Hst stagnef heycol as

|1 | yet h | yol.s that h b bi. ed : i sat.i f
For exanpl o BOCEORDPENEngt e mAF-DIaE SR A eIt B Eo s RO EDIBRG Iyl cne

gl ycol timt WARhRRGRarbonates 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 mean weight
average molecular weight of 20,000 to 500,000 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 oligopolymers 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



- obt ai ned by ring-opeiung polynerisation of tetrahydrofuran (THF), and

di hexyl et her glycol, trihexyl ether glycol and tetrahexyl ether glycol
as well as mxtures of various diels. There may furthernore be used
addition products of the diols described in foilnula (1) with | actones
(ester diols) such as for exanple caprokactone, valerolactone, etc., as
well as m xtures of the diols with |actones, an initial transesterification

of Iactones jaRe.gi gl ém@@éd éh‘ﬁ?élg YReEERaAL K glo ap@%(llaiyg 2 OPcSMaIléﬁxﬁ%ct he

addi tion pro ucts of the dio

di car boxyl i graupsdse diredtlyasouirdrto meamrrﬁoaateaﬂnygematam lehndgl ut ari ¢ aci d,
succinic acid, malonic acid, etc., or esters of the dicarboxylic acids as
well as mxtures of the diols with dicarboxylic acids and/or esters of the

di car boxyl i cA@fodSssedfbr i ﬁrbéuctfoh%'ﬁl‘?él%@f thﬂe @bt QB gboxylic acid and

: 1iHa
t he di ols not being necessary. M xt ures o vari usagJ F} | act ones and
di car boxyl i qooaynads)nmry natlﬁcﬁrbtestmmf thelpxﬁetamaamdhmglto tHk, 15v¢1&mhatmer:h ol and

m xtures of 1,6 hexan di oI ctone are prefe any used. i n the
process accdPdl H’gplf“&lﬁ ﬁ%e‘ﬂhi“S ess‘%gmf“@ RO B %hedﬁpa‘im&lﬂléﬁf ly
preferably :)t%?jﬁjcaﬂﬁﬁ'a{eacﬂbﬁ QRER %E@e&ﬁ%@&%&é f& xaﬁ f hihSfol L»;?g of the

process acc ng to the invention are diaryl tes, dialk
car bonat es, aipkiydtems: RErNDDIHAUSA, BE@)&W%W@E al4l4ﬁll@70°L D $610RDO6Car boni ¢

ccid esters PUEPORIESHE LFor2B el e Sarborales, aad dipllyl carbonates
preferrad Agowaed] ModesSprbbRES IR HB 'ia!rcftﬁicﬁbﬁop@xeléﬁﬁﬁlat%'ﬂol%&%aﬁa@' ubl e
catalysts for 30 transesterification reactions (honogeneous catalysis), as
wel | as het ds gg@wé@ugwuhog‘. the use of phosgene are preferred. These include in
particular transesterification processes with carbonic acid diesters, such as are
described in DE 1 915 908 A, DE 10 027 907 A1, DE 2 546 534 A, DE 2 523 352
AandEP 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 reduced 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 M,, 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.



.« transesterification catalysts. The first stage of the process according to

the invention is preferably carned out in the presence of catal ysts.
Particularly suitable for the process ‘according to the jinvention are

- hydroxi des, 5 oxides, netal alcohol ates, carbonates and organonetallic
conpounds of netals of main groups I, Lk. IIl and IV of the periodic system
of the elenents, of subgroups IIl and IV, as well as the elenents of the
rare earth orfifdicadaRAAdRUbREmERRRNAISIOLdHs gl abBDe o ferdfdndity 10 The
following may for exanple be nentioned: LiOH LiT2C03, KzZC03, KOH, NaCH,
KOVe, NaOwe, gdvigtatteriviy 6D 1 privioivi] @ducges Gea®, al$8a®, cottindsliarbifrafill dwithidnani um
tetraal cohol ates or terephthal ates, titaniumtetraal kyls, zirconium

t et r aal cohol 3R0HRET, 146 REHEER HHERRECIYE 118G & IPIE‘I%FS FEess- El%'lﬁWﬁ)X #h oxi de,
dibutyltin MRG0 e Shd bRULAL bl BeAL Rt PR dd ihANGRkiGe L1 N

oxal ates, le tearates, 15 antinony trioxide, zirconium

t et ra-i sdpr opypladie and fon praxtesses bnoelanpwcess stapgani ¢ 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 accopglifg fitQ sltve\xgéof ﬂﬂé%ﬁ‘éde@@a&&%’iﬁg i8Ye ﬁQeﬁﬁorP%QbTeeJlﬂ;lnll%é’di%m nes of
the formula R1 RZR3N when a R~ _3 denotes C ~ -C30 hydroxyalkyl, -aryl or
-al kyl, in pazthisewl e formmet(yl ami ne, triethylam ne, tributylam ne,

N, N- di et hyl cycl ohexyl am ne,

| ~T, N- di net hyl et hanol am ne, | , 8di azabi cycl o- (5. 4. 0) undec- 7- ene,

1, 4- di azgpi cycl o- (2. 2. 2) oct ane, Hi[OZT iGN, Ndi mﬂ)hyl am no) et hane,

1, 3- bi s(N, N-di et hyl am no) propane and pyridine. '25 There are preferably
used the al cohol ates, carbonates and hydroxi des of sodium potassium and
magnesi um (N\%gg,. KOH, KOwe, NaOwe, MgOH, MyC03), the al cohol ates, al kyl ates
and car bonat 88%6% titanium tin or zirconium (e.g. Ti(OPr)4), as well as
organotin conpounds (e.g. bistributyltin oxide), the titanium tin and 30
zi rconium tetraal cohol ates preferably bei n? used in the case of diols that
contai n est el iFamEnbERsteasa/lomndi 190; prefezaiie 140 Shiand nrdisulsrly grefesbly | h
Iactoneslb iousThggcatalysts are preferably used in amunts of 0.00001 to
2.0 w. % pre%éra%ly 0.00005 to 1.3 w.% and particularly preferably
0.0001 to 0.8 wt.% referred to the aliphatic diols that are used. After
the end of the reactjon the catalyst mgy be left in the product, separated,
neutral i zed 6rieRYskeBranghsd ordingpr, §aturated gr angatursted %11@f1t°fi°M°1PH§yb1P8% t. The
aliphatic di oliaihhias 8120 UARA AmiehrARaliesfirl, Hifk: MRLLHIGR Bim 3dded
chem cal s and auxi Fi"ary substances that are used shoul d obviously be as
pure as 10 ptski darlmn abwes fpartsdul styagrefeodbly withSrtodédssrncaoms.ngodto t he

i nventi may be .carried gqut .continuously or batchw se. 15 The_first stage
of the Sjl:boceéi"g%l@& erﬁaa‘?léf Wlﬁbgi%{}g?ﬁru?%ﬁatﬂ@é&n 8§peﬁ}§ﬁ§ e%&at%iér egar ds
apparat us orcfbysatemlsl Yy to the second stage of the process according to the
invention, as long as the | ow nol ecul ar wei ght pol ycarbonates that are
obtained after the first stage of the process according to the invention
are used for [, Qn i ' ' e
pol ycar bonat gég%é@gvﬁlgrg%tﬁ& g’Ftlﬁe)eEan %\%ﬂ%ﬁgﬁi&%ﬁ%g&kﬁ%gk%ggﬁlgsl’g&cor ding to
the inventi ohepgthirdiv] ghs-aelagedibian oaexghddicl| 1 Shaniamediol,ichbbanadies 13-e
produced from conmerci al | y obtai nabl e | ow npl ecul ar wej g]hht aliphatic

pol ycar bonat @@PM?&@OIC%IP?'%@%GN%P{QE’%W@]} %\ﬁle_r%fle]eﬁ‘lpalﬂtawi £ al i phatic
pol ycar bonat RRUBIAGIMEES) Qfﬂﬁi—ﬂ%gtthl,%hﬁx%ﬂ&eﬁiol,zﬁetﬁi&g?,%sl%xﬁﬁ 8,

Accordingly esent 1 nvention So relates to a“"process for the
producti on oZ,3lH-gmatinylelctHhaxansdiof vtyclahexznedinetipobl aacixmdtgdscol radbenandw

nol ecul ar wei ght _al i phatic pol ycarbonates by. a |t .transesterification
process con P _¥f)t3§ﬁ](§flgég’%l_’? Bpﬁoea%ﬂa g&"& 8‘%’11’“9' %Wrﬁl%%ﬂ?aweb %escri bed main
process accopali et 13d1€ tHab ¥SRBRR 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 dihexy]



.+-10"The first stage of the process according to the invention may be

carried out according to a nelt process, with and w thout solvent, or in
sol ution, and honogeneously or in-a phase boundary process. By way of

. exanpl e but not exclusively there may be nenti oned aqueous al kal i ne
solutions. Al alkali nmetal and al kaline earth netal hydroxides that are
sol ubl e or dispersible in water may be used as al kali conponents,
preferably hgwevgycs ogiheg 1y %Hc@?mu@@fr@l?e%w@fhgb’gigl% a8 Qe INMBRINQRIr4M

hydr oxi de and/ or” cal ci um'hydroXi'de (slung of calciwn oxide in water) or

t heir mi xt urebvaribds #teds.f ol | owi ng may al so be nentioned by way of exanple
but not exclusively as solvents in the first stage of the process according
to the invention: aromatic hydrocarbons such as tol uene, xylene,

et hyl benzenerh&emeRfurthertadtt bt TBMAdRRMARBGctIBThE Mo Eescribed in formula

t et ranmet hyl benzene,” cynene, diethyl benzene, 15 dii sopropyl benzene,

chl or ot oluen@) withdasseas A esier dols} sichak ifor, exempld eapradatnaasajpramdmmebenzene,

al Iyl benzene or a-nethyl.styre t hers such as di.ethyl ether, .dipropyl
thor d but S 21 e = Fredin s Seliuh RiRhed Sy P atiamstociicaig SErhor s,
ani sol e, phengigks Md FbRIR bEBE R¥éesglPer, and ketones such as dibutyl
ketone, ditert.-butyl ketone or dianyl ketone, decane, dodecane,

trideca. ne, dinethyloctane, 20 white spirit, hal ogenated hydrocarbons such
as chl or obenzen di ghlorobenzene... net hyl ene, chl.ori de, .chl or.of orm

T ohl or opr o mb B 88 B RGO R BRaRy fer S8 R M Rexane,

i sopr opyl &y clvitheXaiitoxyiie @ailds BuchSdsybeaanile:iadied gcid 2Huldtix atidesucefniy/ar i ous
solvents may al so be used. The first stage o theggrocess according to the
i nvention i sapd.enelenisiagids sif- 08 gsigistofithe Goarbrxylisrasiisas Welkastnistnres oy

pref er abl v foe; O w301 HEM 5130 881208 Alad 08 RTSRESH, ARsEr di ng to
the invention may optiona Q’be canied out "in"the presence of 1hert gases.

By way of exasidesteifitativatofeiabbsdiyliiehyidtané e diolshbt bEiyg hecesent i oned
ni trogen, helium hydrogen, nethane, ethane, propane, carbon nonoxi de, but
preferably nitrogen or carbon dioxide. The first stage of the process

accordi ng: t opng: i ! ] . J atures
et ween § any 355 RapabE, AERRLEIGRROGLAS I Bl s BOREHS 1Y
preferably between 20 and 220C, and at pressures of 1 to 0.001 bar (high

. The,t d pr.. . i tgin ci t
S0 ol ffer MO TRGHEHe oA auB AL eI PEIORGP L] ATl AEAERIPAGER the
substances agpd prlftrabBPiskd 16 el fiades@b&oraifE PR i RLABH.

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  Diaryl 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



+According to the process of the invention, in the first stage the educts
are mxed in the presence of a catalyst in an inert gas atnosphere, and are
heated while 15 constantly m xi ng-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 tenperature of 140 to 260€- preferably 155 to 220C and
particularly preferably 170 to 200C. The al cohol released is then distilled
of f by lanet@ﬁis@ﬂeﬁﬂi@tibﬁ'&ﬂ%fy@fsu%e%ﬁ@ﬂg@%f HR grocedsordngtenabl y up to
220C and particularly preferably up to 20 210C. In this connection the

t enper at ur e ingertlonge prederablyanrriedeout vl thaprderdesdlsatalystsn al ways be distilled
off without any problem Follow ng this the pressure is reduced so that

resi dues of the al cohol conponent forned can be renoved w t hout any probl em
fromthe reagdiignaiy siithb fopthé RY@kRhdcoldife tBeIRlhGad hat IRAESadIse amount  of
rel eased al cohol conponent is distilled off. After conpletion of the 25
react i on 3t heoxiise metal plrobolateacarynated and gganopetelisrcapippundrimgaicof

particul arly_preferahl - Ceaand.is then aerated. The | ecul ar wei ght
b the | ow MEEEATUR th Bhese BB Pebde saPpaf IRedprlan S s e 111 o
stage of t hellp4RCBs %is acUak dhd@ehentt BLthietvethiBRrdud, Ah b8l dondoaldd he
ratio of diol to carbonate conmponent. In general quantitative ratios are

used such t heftTipdr.ybapnendbles are formed having nol ecul ar wei ghts of 2@ to
20,000 ¢ -12 nole'', preferably between 300 and 7,300 g nole'' and
particularly preferably between 3S0 and 3,000 g nole'. The first stage of
the process Becildivg hay fdiexnpRic mentdnad EOH, Ov0®, 850y KBel, ght

pol ycarbonates of _the foiznula Il _to be produced containing between 7 and

1300 car bon He@RsKOMeHEa@Ms; MO ek apNcPMshitn C90aRa0s61a-bon at ons
and par ticul fjdy ti?dé‘]?l]:l)rﬁ t&RlaYeoRELIE %Pbe}éphﬁﬁ@'atgsg g’rt]aglﬂég ?ég??gcg/’f@ zirbdhitfl! ch Rl

denotes aliphati'c S contal ning between n‘atons in the
chai n, pr ef eteabdlyotnddtoe éin obtannated @itodylbho dilatretes dibntgy Itraotide,ulibutyMinpr ef er abl y
between 4 and 20 10 carbon_atong. |t is particul arl referred to produce a
1, 6- hexanedi RN e i exfted dAdRRRIED 2200 g

mol &' 150 ' amishoriy tribkidb QiR Rk dpreHidie Jirl oS, Tsiasihielos of Bk

addi tional | yancltl)lnc%lgi n ester, ether ,r asr(#(rj@?an%/ of i t%ﬁ#e T Sngfgl%%)ﬁncs. Diols or
di ol s wit h estdssuthngfdrenampephbspwriareidpiictr ned, p-ovluencaniibmc byidusiyng

capr ol act one gtgld 1, 65 hexanedi fl’ and also diols with ether functions, are
preferably uYIHerqrepglsed as Q@A o1 components are used (for exanpl e

m xtures of various diols or mxtures of diols with | actones), then two

adj acent Rl groups 20 in a nolecule may be conpletely different (random
di stributi onl?urtlremlotehél ho Ay stags obthemrecess ateorrStha invgatighthess mehat i ¢

2oL G bt b BPSELN B MR R RSl BT [l 00,
produced acclydioxyglityd, -ahe of ialiefl, ippacentar stimgdhyRmihieriethpyniogt i onal |y be
o e N R B i L Rt Ruba T, 51 o0°

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),),

as well as organotin compounds (e.g. bistributyltin oxide), the titanium, tin and

30  zirconium tetraalcoholates preferably being used in the case of diols that contain

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



. -13HOT-]"CH (lI) wherein 5 nis a nunber between 1 and 100, preferably 1

to 80 and particularly preferably 1 to 45, and wherein T denotes a branched
or linear, saturated or unsaturated allcyl or cycloalkyl radical with 2 to
- 40 carbon atons, preferably saturated linear alkyl 10 diols with 3 to 15
carbon atons, particularly preferably wot.h 3 to 10 carbon atons, 1110St
particularly preferably with 6 to 10 carbon atons and especially with 7 to

10 carbon atpRScatA§stiiel pré@radly @idGAkmbhhts 0f0DO6d o 10 At s (Jrbderabdy Wher ei n
Al denotes branched or l'inear,” saturated or unsaturated alkKyl or cycl oal kyl

radi cal s wi t %000Q5d0403 walband parosariynprefaabdy 00004 ¢mb18est. “nrederoadetoitoe r adi cal
with 12 to 24.carbgn ons derjved fioma bisphenol, preferably bisphenol
A, bi sphenolﬁ’fﬁ}ﬁ{l%&oﬂ)ﬁaﬁlﬁ%ﬁ&}fc% 20 The fol l owing nmay be nentioned by way
of exanpl e but not exclusively: 1, 7heptanediol, 1,8-octanediol,

1, 6- hexanedi ol , 1,5-pentanediol, 1,4-butanediol, 1,3propanediol,

2- et hyl 51, 3ABentbarad pbihe réaction Hyd catalgst peaytberlelimthe r2edichysepaatednedi ol |
2,2,4-trinethyl - - hexandedi. ol 3,.5-trinet - 1.6 25, hexanedi ol ,

cycl ohexane-l&)i{lf‘rréﬁ?‘ue %Il?asﬁg‘ipﬁéﬁ? %tgléwﬁBHGFCI%HZ%%HE@F@POF% r hydr obi sphenol
A, spiro-undecane diols, ethoxylated or propoxylated bisphenols with

al i phatic pol yether polyols of different chain |engths as termnal groups,
such as for Eheatphatioisobat arpusgsotsevehes the Rty Taat B@teBRIsTMEledet hoxyl at ed or

propoxyl at ed .r el npl s hydr.oqui non [pgat Qls with aliphatic

ol et her oo TR ARGyl SO GAER AR e BECHRMECIRSI b s BRS

pol ypropyl engosgibycol , pol ybutyl ene glycol as well as polyether polyols that
have been obtai ned by - 14 copolynerisation of for exanple ethylene oxide
and propyl ene oxide, dihexyl, trihexyl and tetrahexyl ether glycol, etc.,
as well as m ' ' S A : . hennor. used

addi tion pr?ﬁﬁ%?%tgg{%fétﬁébgq%éss%c? %r%}n ct'? gfé]eglsn etlsc{n(Lalllé1 g%ggf%ﬁg?laghch as for
exanpl e capranaat@nty oMedtehiwdkact one, etc., as well as mxtures of the diols
with lactones, an initial transesterification of |actones and diols not

bei ng necessary. There may al so be used addition products of diols with

di car boxyl i ql?&ﬁlgfsé 8F 88 POQJSSJ'CC&)&?%@%Q?%'V%@O Aded noPbUEHneCtedst d.
succinic acid, malonfc a0|8, hydr oxypi vallc aC|é, etc., or esters of the
di car boxyl i cegoidssprasatuedt plasicallx tatheseamddiage o f Whd prodéss actrodingitc theci ds
and/ or ester.s of.the dicarhoxylic acids, .in which cojuiection an initial
transesteri flPX?ﬂqOBnasoan%lPE&PQ%YWP?IECUA?E WelgRP Y yrar n@ieg hal afeebtaedssary but
i s possi bl e.afRene(MEOASHY o thdpeeds Rebiaiead tRdWhvBMEHONY RidBfot theaCi d
neopentyl 15 glycol ester may be nentioned by way of exanple but not

excl usi vel y.prodectighiophzgh molgrwlrswaight didatic nols'gﬁi%oaarte%trmunt that, referred
to the I, w nol ecul ar wei ght aliphatic pol ycarbonates, the sumtotal of
added ali’phatic diols and | ow nol ecul ar wei ght aliphatic polycarbonates in
the resul ting ahedkeinatine Binkbdintnt 6f the pidd@sacerding e tnveByorn theshigle used O
to 99.9 nole % preferably 20 to

molecular weight aliphatic polycarbonates are produced from commercially
obtainable low molecular weight 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.



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
al i phatic polycarbonates. 25 M xtures of various diols, |actones and

. dicarboxylic acids and their addition products may al so be enployed. In
tlus connection the added aliphatic dipjgor the m xtures of various diols,
| actones and di carboxylic acids may be identical or different fromthe

| i phat d t f
i o 1 act onse SET LR eooRlR O MOMGIE Mol (2 bonat es

are indi sperm:abﬂdmgm&dné]mprdcbs sythtane svithont sdlent,frirgh sototied ndr -15 wei ght
al i phatic pol ycar bonaiyes via the nelt transestei-ification in the second

st age of theh QREBEQISHE AP FH RIS BOUINAYY BIQESSEi on. Diaryl carbonates in the

context of the present invention are those carbonic acid diesters of the
formula (111) R / OO({Ill) RR" and formula (IV), R RR ROO{lV) RK
R in whisSch By wRy odeglar®leibntiependesively théreamey mnotitemed egotoms fkabpe | onal |y

branched C~- C34: al kyl | oa I karyl .or .C6-C34-aryl, 10 for
exanpl e di ph Fonéal‘t%()ﬁg%bme@ﬁ’ﬁ f}g@h‘}ﬂ é’h%}?l)ﬁﬁ’é}if%ﬁ%tt@at A S‘ﬁﬂ?lﬁlobhenyl
carbonate, ig §1BfeHHWér W\LSCE a5 QRQHE@meﬁen‘tss @f@rﬁb@hﬁﬂ%‘vepar bonat e,
tert.-butyl phenyl phenyl carbonate, di-tert.-butylphenyl’ carbonate, 15

n- Ee nt Iy I Eh engadiyah hy@ﬂoxnhrb poasien hyldro(uuiepeaqusmhehxdr;oxmil lab(b’?aczﬂgnum
n- hexyl pheny, - car enyl ) carbonate
cycl ohexyl p ?XIB%@:‘WV Bg?agﬁﬂ‘gt%“d @?%8%1&? “ﬁ)‘{}f * carbonat e,

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

i sooct yl phenifl - phenyl carbonate, di-isooctylphenyl carbonate, 20
n- nonyl phenyTh wm&@ﬂb@hafoé m@rcm(lmbboww phexapple bufrpssaelasively as

cunyl phenyl Pol € 1nctﬁle Plrst Se ofi the %yo@éssp ac%n?ﬁmgct%rtgg pn%teﬁt’lon aromatic

hydrocarbons such as toluene, xylene, ethylbenzene, cumene, 1,2,4-
trimethylbenzene, mesitylene, tetramethylbenzene, cymene, diethylbenzene,

15  diisopropylbenzene, chlorotoluene, bromobenzene or tetralin, olefins such as
propylenebenzene, allylbenzene or a-methylstyrene, ethers such as diethyl ether,
dipropy! ether, dibutyl ether, diisopropyl ether, diisobuty! ether, diamy! 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 chloride, 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



~ - 16- napht hyl phenyl - phenyl carbonate, di-naphthyl phenyl carbonate,
di-tert.-butyl phenyl - phenyl carbonate, di-(di-tert.-butyl phenyl) carbonate,
di cunyl phenyl - phenyl carbonate, di-(di'cunyl phenyl) carbonate,

4- phenoxyphenyl - pl aenyl carbonate, di-(4-phenoxyphenyl) carbonate, S

3- pent adecyl phenyl - phenyl carbonate, dity{3-pentadecyl phenyl) carbonate,
trityl phenyl -phenyl carbonate, di-trityl phenyl carbonate, preferably

di phenyl Carlﬁ@*‘% ﬁmnﬁ@néderhtr&ge‘an&lwr@hﬁﬂ%g‘eﬁhﬁ@ﬂﬂan@%'Elﬁﬂ@%l@pane carbon
di.-tert.-butyl phenyl car bonat &, phenyl phenol - phenyl carbonat é,

di - phenyl phamohoxide, buhpne&raMMWiqgaenybarbbmdwx1dmr bonat e, di-cuznyl phenyl
carbonate, particularly preferably di phenyl carbonate. 15 The carbonic acid
diesters are used in aratioof 1 : 0.60 to 1.00, preferably 1 : 0.70 to 1
. 0.98, partTl‘féJﬁﬁf &t){gepéﬁflgpﬁkleéé atbcordthg tétﬁé)mjv'entlcgr @Senérﬁlf]fﬁlﬁgdbﬁt dthe sum
total of the aliphatic diols and owrm ecul ar wei ght al iphatic

pol ycar bédnat espediwtubaiweef 0t el %Z%Cemfmabimédtvmnﬂﬁhmd a%j"d: gidesters may

pol ycar bonat BECTHERLP 0% Seaan a0 e A7 8% Rivieedios o &log et The”

process accoqhqjgm@ach@my,he i nvention all sol uble catal ysts known for
transesterification reactions (honbgeneous catal ysis), as well as
het er ogeneous transesterification catalysts. The second stage 25 of the

ding to.th t f er abl d th
bt esence. of bkt Gt nd Bt PheeSuRl dp FRtn Prf SRR 858 difor di ng 1o
the invent i ofo@drtBe PdEOpesitied hevelihRfore Rpahdial 68 B AbSanceganonat es and

organonetal | i ¢ conpounds of netal s of 30 nai n groups I, I, Ill, IV and V
of the peri odfinepaspds thet are userband fomeed.s, of subgroups I1, 111 and IV, as
well as elenents fromthe group of rare earth elenents, in -17 particul ar

conpounds of Ti, Zr, Pb, Sn, Zn, Bi, Ce and Sb. The foll ow ng may be
ment i oned byAveyrdg teHrmrbeess bf BelintenfioR In te/fi3Bstageite eladkardsaed ifNaOve,
MeOWOACc, Ca BaO KQ-Bu, Tid 4, titaniumtetraal cohol ates.or

t er epht hal at ®§ Presepcegia fHalit iman BeH s eweosphers, i aipBgated Whijedi hut yi ti n
di | aur aty I i | tin oxide,
i - oxal Bt ea o P o S PRk QoA A £ ok

zi r coni um 2epriefdritey ridad &, hoorss puticul2lg pngfetabkah 6ad & hours, at a temperature

21 sopr opyl ol OECR I0G, HRERRED 1307 Roraie SR weizer TaBS R0 lsed as

catal ysts, spqeCaSTHeQcobsProaSedlR (RICERNRG dTf BF irﬁleaélﬁl%tth@teﬁ%gature
p-t ol uenesulfonlc acid. Tertiary amnes of the fornula N where R1_3

denot es Cl1- G3eityide oryalX/IC, predergblyop to ZR0OYy kndvpartituiatinprofenablyb® tesed in the
sepond %(f’i g.e Hjc C}L, II}F él?%;??%%?tl%ﬁ: ﬁ')%ggrpﬁ%}% l?%/‘tsh I?lengs%%latcmé releasQ&i 51%'01%‘1' ar

trimet hyl-am he,

N, N- di net hyl caﬁcdmbyawd cﬁB‘thMEQLowathﬁt%Mpk‘b‘@hhﬁ%ﬂl@Wﬁﬂgethls the pressure is
1, 8di azabi cycl o- (5. 4. 0) undec- 7- ene, 4- di azabi cycl o( 2. 2. 2) oct ang,

1, 2-bi s(N, Ndieéﬁ@qﬁlyq%thﬂﬁ@slé@qméw @cél%pg@wqumew%hp ReNpYSpEEOv N d
pyri dine. ”Hﬁ@brldmeﬁ{ HERQRORAR Y {ﬁ%%{&’éve%{th%'tﬁé%/&gn%g?%ﬁsélﬂet he second

stage of 20 process according to the I nvention. m or phosphoni um

conpounds wi #rhounttofiecleasnd abcbh@ifcohfpenemuedisnbed affe Atffep sempletibhef ﬂmr mul ae (V)

and (VI :
( )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



. -18 R4 XRc--P~=Ra i tVI R R4 Xi R~--NR3 (VI) RR when ein R -4 may b a
the same or different C ~ -C ~ o-alkyls, C6-C ~ o-aryls, C~-C 1l0Oaral kyls or
C5- C6-cycl oal kyl's, preferably nmethyl or C6-C-4-aryls, particularly

- preferably nethyl or phenyl, and X- may be an ani on such as hydroxi de,

sul fate, 5 hydrogen sulfate, hydrogen cgrbonate, carbonate, a halide,
preferably chloride, or an al coholate of the formula OR, wherein R nay be

C6- Cl4-aryl @61eCp %aaz%&véen 300 8h&73bb Y xﬁ@l%méhd pEARORHY SHeEAbRl YSts are:
10 tetranet hyl ammoni um hydr oxi de,  tettanet hyl aml on| um acéet ate,

t et r amet hy| dietwesti 366 4dP0Ue molet r anet hyl ammoni um t et r apheny! bor anat e,
t et ranet hyl ai ni noni um phenol ate, 15 di net hyl di phenyl anmoni um hydr oxi de,
t et raet hyl ammoni um hydr oxi de, tetraphenyl phosphoni um chl ori de,

t et r aphenyl phibsmpﬂhg@bmg?ﬁ?&'e%ccéﬂﬂg%hﬁé‘bfﬂv@m&ﬁé}ﬁﬂleb‘ BwhgnQuate, 20 the

al cohol ates and oxidés of titanium tin or zirconium (e.g. Ti(OPr)4,
di butyl tiSn weight pdyerehonatas oflid foasubrlgminﬂpmdmdp‘oundsng Dctbmbzwtanda oxi de

cat Alyst eyl 90 BERR TR R el Sy bl eeg oAb Pafpucling Sesiced.

The cat al ystparfcla®) Sreddthdly befvechn 11R8 3p0 @EHGH atohihe 1ﬁ3ﬁlhﬁhﬁ§lt SerRtR
preferably used in am)unts of 0.0001 to 0.8 nole % refen-ed to the sum

total of aligipheiiediplotontanids |bon|3@@d|5@rcaMngammain thhghaig, mgfeyaiéy bonat es,
10 and part 'be&lwgénl ¥ R g(f) ar%on Xto'mns a%g%alqlculaoly preperabtiy bce(%wemm? and 2/?)

10  carbon atoms.

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

molecular weight of 1800 to 2200 g mole™.

O

A

HO—-R1{-0" ~0—R{*—0H iy

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 adjacent R1 groups

20  in amolecule 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)



. The process according to the invention enables aliphatic polycarbonates to
be produced having a wei ght-averaged nol ecul ar wei ght MV of at |east 30,000
g nole'', built up fromthe repeating ‘unit of the foi-~pula (MI) O* OT
-O-~-* (VIl) 15 wherein n is a nunber between 1 and 100, preferably 1 to 80
and particularly preferably 1 to 45, andswherein T denotes a branched or

| i near, saturated or unsatur ated al kyl or 20 cycloal kyl radical wwth 2 to
40 carbon atons, preferably saturated linear alkyl diols with 3 to 15
carbon atons, particularly preferably with 3 to 10 carbon atons, nost
particularly preferably with 6 tB[Q(0-L@bon atoffs and especially with 7 to
10 carbon atons, as well as a radical (Il) 25 A1I-OGAr-O Al (Il) when ein A
1 d notes br anched or linear, saturated or unsaturated al kyl or cycl oal kyl
radi cal s wit jRrdi@ 40 carbon atons and -O- Ar-O denotes an aromatic  -20
radical wth 12 to 24 carbon atons derived froma bi sphenol, preferably

bi sphenol 5 A, nbé 8 phwbhed befveeot aid s@hersderaMy TorBfyanell reoticudar)y puiefdnaliy tthe

pol ymer nol e mﬁaﬁa The pol ycar bonat es obt ai nabl e by the process accordi ng
to the inventyd y intentionally be branched in a controlled way by using
smal | amounts of branching agents. Exanples of suitable branching agents
are: 10 phloroglucinol, 4,6-dinmethyl-2,4,6-tri-(4-hydroxyphenyl)heptane,

1, 3, 5-t ri - (43t Xydsheles b prancheder, lingan saturat¢d graunsytarased plivgher ) et hane,
tri-(4-hydroxyph | ) phenyl met hape, . 15 . .

2 D b La. 4 N A mBRR B0 FebaR aivesey g e seturated lincar alky]

2, 4- bi s- (d- hyidowRBassicafRnQEths, pRERAIarly preferably with 3 to 10 carbon atoms,

2, 6-bi s- (2- hydroxy-5' - net hyl benzyl) - 4- met%, | phenal , _ .

2- (4- hydr oxy Igmhpqr)lc@a(ly pzpf@ﬁa‘p,lydylgx@ hEhearbest afpmsend especially with 7 to 10

hexa- (4-(4-h nyl | . yl)ortho-terephthalic acid ester, 20
tetra-(4- hyd%%%g/%%{é% }{%r%y?ﬁgégwdlga?w

tetra- (4-(4-hydroxyphenyli sopropyl) phenoxy) net hane, isatin biscresol,

Al-O-Ar-0-Al In
15
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
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
for example 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



.pentaer5~thritol, 2,4-dihydroxybenzoic acid, 25 ti-inmesic acid, cyanuric
acid, 1,4-bis-(4",4"-di hydroxytriphenyl)nethyl)benzene and a,
a'a"-tris-(4-hydroxyphenyl)-1, 3, 4-trii'sopropenyl benzene,
-1,1,1-tri-(4-hydroxyphenyl)ethane and isatin biscresol are particularly
preferred. 30 These branchi ng agents may4be added at any appropriate stage
of the process, i.e. -21 in the first stage in the production of the | ow
nol ecul ar weicgPblyeripdiani of fOOEMEPIDARALLS 0dide YR prop§lchd okide, &B&GOND stage in
the melt transesterification for the production of the high nol ecul ar

wei ght al i phaxhexypand tetreboxyhethsr glgcatheichpawelhahmixyeastod veneus diele. opti onal |y
co-used in an anount of 0.02 to 3.6 nole % prefer ably 0.05 to 2.5 nole %
refen-ed to the sumtotal of aliphatic diols and | ow nol ecul ar wei ght

al i phatic pQ"Nﬁ?dﬂﬁgﬁﬁlrﬂﬁznnafeﬂaems&ﬁ edaRby pRAO Y Lthel@ASLREN latbhdy (ehier
aliphatic diols and the | ow nol ecul ar wei ght aliphatic pol ycarbonates in
the second stdagje) suehagfe eabmplesrbiolqsoingcsalerotigtons, ¢ecas wall agripurdse!

Lot mi nat or o PSSRV ot af A eeslo B0 A LERRAEA DR IR Bivg 7 s

and 5, 091, 48%ctdssariyndi cat ed equi val ents are incorporated herein by
reference) and DE 3 007 934 A Mnophenols as well as 15 nonocarboxylic
acids may be nentioned by way of exanple but not exclusively as suitable

chain termn . i . : I a0l h as
crosol s, p-t aiproper b BN RUARIGI0NRAEALPRSAR ¢ AU IR RAR foft e
p- nnony| phendbr exachphe adipicraonly blueaivalcid, kadoige nat eiajohéralid hydodxypivalic

p- chl orophenol , 2, 4-di chl orophenol, p-bromophenol and 2,4, 6-tr i_@Lom)phenol ,
and/ or t hei r 3519 Bicx On PREs opiher dipatherdicacyls gs well as migiseresidiiols Withenol , t he

latter being d?%?l?(dﬁgk Ay aﬂ&/of%férg ﬁgthsg'i%gfog(gﬁc HHHQQ@RJI{?&Y &31&6&?1}‘1&

are
benzoi ¢ aci d, enzol ¢ aci enat ed benzoic acids. After
t he second stimitjel odnststerification 9§ dmarboxylingrid end the disly &mdtmecéssary dupsssi bl e

to add the chain ternmpators at. any point i he reaction, preferably at
the start  of PPRbIREParpeaniEbRe adiaa ron sy pei Vel 100 hefRssty r a
portionsjs Th%lgﬁ:’t@bﬂgérgﬁ&y SRRt SR AR WY G XadplEdut ket Scdudielyl 7 mole %

o 8.

preferably 1. nole % (referred to the sumtotal of aliphatic diols
and | ow nol ecul ar wei ght aliphatic pol ycarbonates). -22 The second stage

of the process _accor.di to the.invention al zie ut cqnt i.nuously
or bat chw se.sﬁlg a%ﬁgatgce@glﬁﬁreslt‘sg & e %“g‘@ehsag%%fc’éfsa&f ﬁ“ﬁq?‘gr? chl?{venti on
need not be phygitGapbhaticGRNQES@Etek Oht bien tbtalséf Bta@eligHatit ieo1p bATRSS
according to the invention as regards apparatus as long as the | ow

ol ecul ar  weirgHeculs eightsdinhetaspalviearbenates b theiTautieg BRCEQRMIXIERS st age of
the procggs %ﬁ?ﬁofiéﬁ}g ’hl‘i’eré ﬁ&ly!tﬂwseéﬁtﬁs%'o%@9.@%ﬁ8'mf%’fprkf%?ab‘f§ 9fystion of the
al 1 phatic po

hi gh ol ecul ar "wei gh ycar bonat es.
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 added 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



10 The second stage of the process according to the invention is generally

" carried out at tenperatures of 1 SO to 320C, preferably 160 to 280C and

particularly preferably 180 to 220C, and at pressures of 1 bar to 0.001 bar
_ (high vacuunm). 15 The second stage of the process according to the
invention is can-ied out for exanple in;guch a way that a mxture of |ow
nol ecul ar wei ght aliphatic pol ycarbonate and optionally aliphatic diol and

0y o2 ekt e ABLAS 0ol OEL AEF FORBRIELGe R M SeRieaETE° ©f 2

particul arl yofahepricadlagcdrdthgtto tHOBCentiond ebiaR0 cambnd6s PrBe soritextaTdhd or 0.1
to 5 hours. Condensation is then can-ied out by reducing the pressure and

rai si ng the Rresgpepyentien arg those carbgppacidyiestens gbtie fogoula (B&0C, particul arly
preferably 180 - 220C, and the hydroxyaryl conponent that is forned is
distilled off. The pressure is selected S%'t hat the hydroxyaryl conponent
may be distilled off w thout any problem |25 The pol ycarbonat es obt ai ned

have nmean wei ght - aver of 20,000 to 500,000 g nole',
preferably 25,000 to

nol ecular wei ghts

(00 ~—af Nticularly preferably 30,000 to
200,000 g mole''. 30\ i ary substancy ¥d rei nfldk)ci ng agents may be
added to the aliphatic pol ycarbonat e&zac ordimgh to the invention in order
to alter the properties. Suitable -23 auxiliary substances and
reinforcing agents include inte~~ alias thermal stabilizers and U/
stabilisers,_ flow auxklyaries, nold rel ease agents, flameproofing agents,
pi gments,eS %@“E‘g?m uted mnerals, fiberous substances, e.g. alkyl and
aryl phosphites, phosphates, phosphanes, |ow nol ecul ar wei ght carboxylic
acid esters, hal ogenated conpounds, sal ts,RchaI lc, quartz flour, glass
fibers and carbon Rwbers, piggents and conpinations thereof. Such conmpounds
are described for exaggFe\ 1 WO PR 15-25, and in "Plastics
Additives", R Gachte 8%, Publ i shers 1983. 10 The
al i phati c pol ycar bonatas @b

invention may be procesged in the USLFS eonventi onal machi nery, for
exanpl e in extruders or Brnj ection-nol di ng machi nes, into suitable nol ded
articless, for exanple films or sheets. 15 The present invention al so
provi des for the use of the aliphatic polycarbonates and/or the

correspondi ng wkikEH®dRaakd RY Brlepé@entl flortembiiRr HMROH eptidillytaghcRE@duct i on
of nolded articles and extrudates, in particular optical articles, filns

and sheets, &sCaeblkybeycladkyddmespdyher GoCoeddyarticles, preferably
optical articles, produced fromthe aliphatic polycarbonates according to
the invention. 20 Exanples of this use include the follow ng, w thout
however Wi nfprreeshiplect ed t hereto: safety panels, extrusion and solution
fihns for di gg}kla%a or electric notors, production of |ight-perneable

pl ates, prodtPPFBA CHPORHEffic | i ght housings or vehicle nunber plates, pr
oducti on of heh AL He 1 SRtdnafR: & i cal 25 applications such
as optical s%?@&ghﬂ@g}iegm( CDh, %@DHMNI@%%%%P@??%% of lanps/lights, sports
articl es, appbbaziphemd-phenylvertantiendibisdémitglphemyl carbonast i ¢ appl i ances and

el ectrical anpd el ectroni ¢cs eguipnent,.or for. qther uses such as for

exanpl e: 1. t§£tf'§flt)ﬁ1ﬁ§ﬁ£]: ,en_é(ﬂ?aéﬁon&?’ fjb't%%ml ’re@ykcé‘(ﬁul?ﬁqaée_d in many areas of
housi ngs15 30nyRAyEIRAY RN da8bdHate, daél-ﬁa@mﬁ&mmnaﬁé?l el ds 2. Production
of foils, especially sKi foils. -24 3. Production of nolded articles (see
for exanpl e Whepglpbentyl-ahenydgarbpaaty, dif(orthesxiphenyd) darbanstss- gal | on wat er

hol | ove chanb el RaHEh Iy Rl R BB AR AN rabRaeich ae rai 1 vays,
greenhouses phéhypHehliliengl dafisdnatd, ai-plmsiphenol carbonate,
isooctylphenyl-phenyl carbonate, di-isooctylphenyl carbonate,
20  n-nonylphenyl-phenyl carbonate, di-(n-nonylphenyl) carbonate,
cumylphenyl-phenyl carbonate, di-cumylphenyl carbonate,



5.  Production of optical data storage nedia. 6. Production of traffic |ight
housi ngs or vehicle nunber plates. 7. Production of foans (see for exanple
DE-B 1 031 507). 8. Production of fibres and threads (see for exanple DE-B
1 137 167 and 10 DE-A 1 785 137). 9. As translucent plastics materials with
a glass fibre content for Iight tecluzoﬂ gy purposes (see for exanple DE-A
1 554 020). 10. As translucent plastics naterlals contalnlng bari um

sul f at e, tita [;,0r |rco xi d nd/ organi ¢ pol yneric
acrylate r ubnbgi?tg% I?BEF&% gﬁf ﬂ%&?‘g %@%@‘fﬂﬁ% e producti on of
|'i ght - per meafiliert.anglyiph&il-phedfi cafvonste Ndil @R eripdutydpheht) ch¥veduet i on of

precision inj ection-nolded small parts, such as for exanple |ens
mount i ngs seungyiphenylrphersd car@py@ta,r@dd@u@ylmeéylagér@onﬁa,t contain gl ass

1|‘v|bg§r Sr ef er r{hall?%%kﬁﬂ%l {I%QI% g%’% g@dﬁh n@u&f%%wﬁ %061? -Calloi \rllvtst ﬁ Smg:gt °

parts, i8 pap¢rﬁaﬂeaylph@{}5%elﬁ}ﬂrcaﬂimbﬁgd13(§%dﬁtdﬁ@é@pﬁ@y@r@1ljdrﬂafB caneras (see
for exanple DE-A 2 701 173). As |1 ght-transm ssion can-iers, in

particul ar égtxlplwwl-ﬁléﬁwb@Qrbwgat@awéwl B apomgie, exanpl e EP- AL 0 089 801).
14. As electrical insulation materials for electrical |eads and for plug
housi ngs as wel |l as pl ug-and-socket coiul ectors. 15. Production of nobile
t el ephone haqusferydy havi ng i nproved resi stance to perfunme, shaving water and
sweat. 30 16, Network interface devices. 17. As carrier material for

or gani c phot%‘i‘dh‘?ﬁb‘?&ate - 25 18. Production of lanps/lights, e.g.

headl a t rqil f For nedi cal

appl i cg}? ?onst&% $ﬁ§$ﬂerylg)§g?}§%gﬁdogﬁgl dls :fggggﬂﬁ}l%%nglgfsﬁz%?a%zor f oodst uf f

appl i cat i onghenylgherodiphémd caﬂ;toeal:e; dhsplmnyllphé‘rmdohmb&ateml ds. 5 21. For
applications in the auto e sector re contact with fuels and

I 5Er| cants rféfyly&l}‘?ﬂyla hepy Ca& oRale, die WP epyleEio8ategnt j onal Iy in the foinz
of suitable blends with ABS or swtabl e rubbers. 22. For sports articles,
such as for exanple slalompoles or ski shoe fastenings. 23. For househol d
articles, fquartesudar meferabdndiphsiylicathonats. and | etter box

15
The carbonic acid diesters are used in a ratio of 1 : 0.60 to 1.00, preferably 1 : 0.70
to 1 :0.98, particularly preferably 1: 0.75 to 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
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, I1I, IV and V of the periodic system of the elements, of sub-

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



10 housi ngs. 24. For housings, for exanple electrical distribution

cabi nets. 25. Housings for electric toothbrushes and hairdryers. 26.
Transparent washi ng machi ne "bul | seyes” with i nproved resistance to
detergents. 15 27. Protective goggles, optical correction glasses. 28. Lanp
coverings for kitchen appliances with_ijpproved resistance to kitchen

at nospheres, in particular oil vapours. 29. Packaging filnms for

medi canent s ar%Qulaﬁt‘. 8 3N Ch) Ik ?Ber -and@p31. For other

appllcatlong suc or exanple stall-feédi ng oors or animl cages. L'V
ATdDT LCD Thie falldvawg ngay' b&xmemioasd ay evaiynif exanaplet LiIOH | Lis€Oatle,dMe pr esent

ol ut i on vi S KGO KON S MM b R A el Con BRIV 1 on of

5 ¢g/1 at 25 | u no.) refer
to ng KOH g%c?f-aggﬁﬂélta Beﬁgg?erﬁé@%tg%hg%ﬁé%rte Eﬁéiraé‘?gngp? a4 Lo G650,

-26 The W dsutidtie dittwets, dnsbuty@tnaoasdb Ldlblﬂpltmfmﬁh@ﬂdé bpsstipughtinpeedide] tibi t r e of

met hyl ene chl oride.v rmeat hr omat ogr aph asur enent with
com ect ed s@é?lF@F’etH]'?‘GBWtu et ‘fnZHH’ iR “%ﬁ%ﬁ‘ﬁ s 1 The aimis to

produce a hi n@m& ar bonate
accordi ng tgg%E 15133%1% %gsém‘igrgt(?alb&%hb.cce}mﬁl 34 of L‘ilﬁéatﬁgi%lrcmdi ol, 84.00

g (0.71 nol eleantesdairngrly tuaxhﬂ@natoenmmmlteﬂaﬁgomomﬂate,let% Bodharmoed hyl ate are
wei ghed out .into.a stirred vessel a disti ll@g%o attacl unent. The

vessel is fiRRSEANE BRPLEERS R may w& As Walﬁi}ﬁlsfl ¥#Bley acuum and

flushi ngow Thoﬁih'bh@%i@ 4deE 868 dl B GIncBNEb LD &id xture 15 is heated and
stirred at 100 - 130C for 30 mnutes under nitrogen. The ethanol forned is

distilled off. The tenperature is then raised to 200C and a vacuum of
Tertiary amines of the formula RiR;R3N where R;.; denotes C;-Csq-

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

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),



40 nmbar is applied. After 3 hours 0.20 g of phenyl chloroformate is added
and the mxture is stirred for a further 3 hours at 250C under a high
vacuum After conpletion of the reaction a white, non-tr ansparent

pol ycarbonate is obtained with 20 an OH nunber of 2 and a nean nol ecul ar
wei ght of 25,420 g nole'' (relative saljgtion viscosity 1.30). The synthesis
of a correspondi ng viscoplastic polycarbonate with a higher relative
viscosity is not possible in this way. 25 Conparison Exanple 2 The aimis
to produce a high nol ecul ar weight aliphatic 1,6-hexanediol perhydro

bi sphenol A pol ycarbonate according to DE 1 03l 512. 30 59.60 g (0.50 nole)
of 1, 6-hexanediol, 23.1 g (0. nol e) of perhydro-bi sphenol -27 A, 84.85
g (0.71 nole) of diethyl carbgnate gRd 0. 03 gXof 21% sodi um et hyl ate are
wei ghed out into a stirred veg$sel wtlh a di | lati on attaclunent. The
vessel is freed from at nosphe iqgaxypéh_gm ppllcatloavgf a vacuum and
flushing with nitrogen (tlueef{tines) {a.nd the m xture heat ed and sti ned
at 100 - 130C for 30 m nutes under _nitrogen. The ethanol forned is
distilled off. The tenperaturé_is t hB% rai sed to 200C and a vacuun ~ of 40
nbar is applied. After 3 hours 0.20 g of phenyl chlorofonnate is added and

the mxture is stirred for a further 3 hours at 250C under a high vacuum
After conpletion of the react]on a tRéansparpny. product is obtained with an
OH nunber of |ess than 13 and| a nean nDIecu 10 weight of 6532 g nole ~
(relative solution viscosity [l #g nt hesi s of @orresponding

vi scopl asti ¢ pol ycarbonate w h hi her el ative vis ity and thus

nol ecul ar wei ght is not possi bIe in is V\ay. 15 Exanple 1 The aimis to
produce a high nol ecul ar weight ali tic 1 6- hexanedi ol

wherein R'* may be the same or different C;-Cjp-alkyls, Cs-Cjo-aryls, C7-Cio-
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,

5  hydrogen sulfate, hydrogen carbonate, carbonate, a halide, preferably chloride, or
an alcoholate of the formula OR, wherein R may be Cg¢-Cy4-aryl or C;-Cyp-aralkyl,
preferably phenyl.

Preferred catalysts are:

10 tetramethylammonium hydroxide,
tetramethylammonium acetate,
tetramethylammonium fluoride,
tetramethylammonium tetraphenyl boranate,
tetramethylammonium phenolate,

15  dimethyldiphenylammonium hydroxide,
tetracthylammonium hydroxide,
tetraphenylphosphonium chloride,
tetraphenylphosphonium hydroxide,
tetraphenylphosphonium phenolate,

20

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



pol ycarbonate. 20 94.14 g (0.8 nole) of 1, 6-hexanediol, 158.04 g (0.74

nol e) of di phenyl carbonate and 0. &4 g of bis(tributyltin) oxide are

wei ghed out into a stirred vessel with a distillation attachment. The
vessel is freed fiom atnospheric oxygen by application of a vacuum and
flushing with nitrogen (three tines) ang_the mxture is heated and stirred
at 180 - 185C for one hour under nitrogen. The phenol 25 distillation
starts at a I erature is raised stepwi se to 210C
so t hat theegﬁ% %gn%gi%o%fgﬁﬁfﬁﬁgpstl |l ed off without any problem As
soon as the reaction tenperature faI | s a vacuumis applied, which is slowy
raised to 0.01 nbar so that |ast residues of phenol can al so be renoved
fi-omthe r&ib¥YRR owide ismerticrelygyelerably ¥8dction time was 16 hours. The
reaction m xture was 30 cooled to 80C and only then aerated. The OH nunber
was neasured and found to be 56 ng KOH g. -28 186.30 g of previously

pr oduced5 hextee dieodonpribtyas fithe edaetigrOHe Ratalyst mBy be 1€kt mlhe))rodﬂatér}Z g (0.107
nol e} of di phenyl carbonate and 0. 203 gai8 0 x % -4 mole). of dibutyltin

oxi de are wEFRFEELARIRINE] 0F mapkack clheyrstdst isgreferaplyjedt injthapioghcts
attachnment. The vessel is fi-eed from atnospheric oxygen by application of
a vacuum and flushing with nitrogen (tln-ee tines) and the mxture is

nel ted at 19De cafabystsemppredtrable vised inadxmdxtstmfd(%&ﬂtar@cﬁ% tabie 6 retferresl fios stirred

for 60 m nutes. The t erature is,next ced 0C an ressure i's
then | oner edP% Wlﬁ%alr?ggﬁthF iofs %dﬂ% aw&@é%éﬁﬁ}atwpg@a%og @stilled
of f over60 Hk Hﬁf%ﬁlarl?ﬁ?eféﬁb%ﬁ%%uh& 6f*@)e(ﬂ t'o@éﬁl‘é?éj"/StepW se to 50 mbar

wi thin 90 m'nu es wthout the head tenperature rising. The pressure is
reduced to 10 nbar vvlthl n 90 mnutes wthout any increase in the head

tenperature,.and disti S .COo urth m put es at
1500, The. mBiEaresteEhdeonddis i BvERfi SiiBies i ie A B omita 8 ar 1 50c
under a hi gfibrdcﬁ@%'fihlﬂgWe‘i@t—a‘ééﬁﬁ&ﬂn@&%ﬁl@r RERAVRL,, dfSat (EE30)E00 Havi ng a 15
mean nol ecul ar ight of 50,600 g nole' and an OH nunber of l|ess than 1
(relative sohalei.onily e dosi thy rapesy unicebthp feanmla@vViEhe aimis to produce a
hi gh nol ecul ar wei ght ali phatic 1, 6- hexanedi ol / Di anol 220 pol ycar bonat e.
94.14 g (0.8 nmole) of 1,6-hexanediol, 1S8.04 g (0.74 nole) of diphenyl
carbonate and 0.64 g of bis(ti@butyltin) oxide are weighed out into a
stirred vessel with a 25 distiffl ation attachnment. The vessel is freed from

at nospheri c oxygen by . ') T 0O ]n * (VID)

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

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 (II)

25 A1-0-Ar-0-Al (1D

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



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

m xture is heated and stirred at 180 - 185C for one hour under nitrogen.
The phenol distillation starts at approximately 181C. The tenperature is
rai sed stepw se to 210C so that the phenol can be constantly distilled off
wi thout any problem As 30 soon as theopeaction tenperature falls a vacuum
is applied, which is slowy raised to 0.01 nbar so that |ast residues of
phenol can Y lﬁﬁm {4 = i i ahe overal |
reaction ti %ﬁ%gﬁ ?{S%ﬁ%a} etélggg%?ggrﬁl frrn&gtaulr)légl\?%ls% ’ﬁ)té%tl%%glto 80C and only
t hen aer at edisphbgol G bispiies] TME orbisphiesd Mind found to be 56 ng KOH g. - 5
17.63 g of previously produced hexanedi ol polycarbonate (OH no. = 56,
0.0096 nmole), 13.75 g (0.0642 nol e) of diphenyl carbonate, 17.54 g (0.0504
nol e) of Di - ?ﬁpl,,, : -5 nole) of dibutyltin oxide are
wei ghed out 9{{'121%%%9; I rrg]gg\j;%%%(g?’&é\f ?ﬁi%é:&%i stillation attachnment. The
vessel 1§ freed from at nospheric oxygen by application of a vacuum and
flushing with nitrogen (th~~ee 10 tjnmes) and the mxture is nmelted at 150C.
The t enper (@O AR S e P E ol CYARE DS ACKETMS P DS TTEPRRR Fi8Y 60

m nutes. Th : (=3 ]?éplda ssure is then
| onered to %%%%%E@%th ailﬂr(fﬁ%cpoﬁ)n%i't cr@%@?%‘%%%’%&%ﬁ%l% (])r rlr%%tgsﬁi stilled off
over 60 m nltrashingcigentsi Bgamhles of hetabichramhisg ageptsoared st epwi se to 50 nbar
within 90 mnutes without the head tenperature 15 rising. The pressure is
reduced to 10 nbar within 90 m nutes wi thout any increase in the head
tenper atjgr e pLafdgidbbl, ! | ation is continued for a further 90 mnutes at
190C. The mixture is finally distilled for a further 20 minutes at 190C
under a hi gh,6-donethyl-20d Hrtardgadentyplierdhepase,i ¢ product is obtai ned having
a mean nol eglugsgrt \Qﬁg&t}t of. 55,200 g nmole 1 and an OH nunber of |ess than 2
(relative 20431 FINAPYRAGYINZES4) . Exanple 3 The aimis to produce a
hi gh nol eCU|1@1,1m1(gh{};dﬁﬂxg§mltyil)§ﬂﬁn@,- hexanedi ol perhydro 25 bi sphenol A

pol ycarbonate. 94.14 g (0.8 nole) of 1,6-hexanediol, 158.04 g (0.74 nole)
of di phenyl tgdfdodeapheryDphewlgedendgi s(tributyltin) oxi de are wei ghed out

into a %tsl r rfﬁj-b}/sg[ﬁ,sfi)is%:[hgfdx%xyphenyl)cyclohexyl]propane,
2,4-bis-(4-hydroxyphenylisopropyl)phenol,
2,6-bis-(2-hydroxy-5'-methylbenzyl)-4-methylphenol,
2-(4-hydroxyphenyl)-2-(2,4-dihydroxyphenyl)propane,
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
o, o'a"-tris-(4-hydroxyphenyl)-1,3,4-triisopropenylbenzene.
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.



di'stillation attachnment. The vessel is fi~eed from atnospheric oxygen by 30
application of a vacuumand flushing with nitrogen (three tinmes) and the

m xture is heated and stirred at 180 - 185C for one hour under nitrogen.
The phenol T -30 distillation starts at approximately 181 C. The
tenperature is raised stepwise to 210C,$0 that the phenol can be constantly
distilled off mﬁthout any problem As soon as the reaction tenperature

falls a vaciis.appbiehe b &hok 8¢ Sl mbiBlasch ignadhagibar so that |ast

resi dues of e renoved omt er e ctl mxture The
overal | reapbllyonbbmams asasel ll4s 1h®lhh’§ecoﬂ'd1£agmaht oieltntaxtdsteeifivasor aolied to 80C
and only then aerated. The was, measured and found to be 56 ng

KOH g. 51. 4Bragugiionpidhe BL%@I1?0159%ﬁ%@811%w&ﬁ%ﬁ>@w%b%?&§r bonate (OH no. =
56, 0.028 10 nole), 22.92 g (0.107 nole) of diphenyl carbonate, 17.31 g
(0.072 nol e) of perhydro-bisphenol A and 0.0203 g (8.0 x 10-5 nol e) of

di butyl tj n @ke demnahingweerghtmnt aretoptiohallyecostised fean w@ssetlof\l.G2toa distillation

attachnment. _The vessel freed from at mospheri c oxygen by application of a
Vacuum and PIATSATG RPN DS den S EHECA T laRee)S MR umE ke bR e el t ad

at 150C. Th irred
for 60 m nutg g@éﬂﬁg@?&g&@g%{ﬁ?gﬁfglpﬁg&%ﬁolgg& lﬂ% 51132,0%@«3 3}; ahbl%%%assure i's
t hen | ower etbgtethet @/(ﬂthrthaahphatlhdmlé%ﬂndrﬂmiﬂvemoléﬁuhlrng}mlahplmtwed is distilled
of f over 60 es. “\Xi oW n th| s the vacuumis inproved stepw se to 50
mbar wit hi nP H’E&t%“s‘ ¢ $50F $1A&8S head tenperature rising. The pressure is
reducedjgo 10 nmbar within 90 m nutes w thout any increase 20 in the head
tenperature, and distillation is continued for a further 90 m nutes at
190C. The milke ahphaitis poiycattopatds atcotdingltd the izvehtion hey c@itam ¢haires at 190C

under a hig vac transpar.ent. v stic .product is. qbt ai ed havi ng
a mean nol e W %@l ﬁ?cﬁesﬂg %%Cléjal?ri Rhud g amoay ’HEFI’T‘SZFC%{; ss than 2
(relative sohsibipn WU SCRAéMY 4974833 and250M H@PthndﬁJh@edé@ﬁ%ﬂélﬁﬁmEaS been

described in detail in the foregm ng for the purpose of illustration, it is

to be under mcemr@thdibergubw wéarende) prd EE|3e(Pq/7 % At Manophensdses weldas hat
variatl pos GRoPEyBRAR ARRIELONINGSE b7 iy Skt Bl OARRN

departing from Scope 0 & PrvEeAtion except

limted by thsuithil dhain termiddtord\Fhltable rhduiplERd1$ &e phend, @llkS)IpﬁSﬁoli or the
production of a pol y(far bonat e cont j':u ning at |east one ali phat| C

pol ycar bonaf¥NASEERO Se Brigit-rustylghgmo Pp?@SWH?h’?QOIaPﬂ%ﬁKP%]Pé‘E‘&H a5 wei ght
al i phatic paka}r;gggﬁam%@p md?f(ﬂgiaheﬁ “HQB {Rnd 10 s%%&h@fogﬂ@ﬁcﬂ ht

al i phatic po nate wt raryl " car onat |narret transesterification
process to Rgdichlohophknotpp-bearhephenel adt2,4bitpbaniophpodlyasidrdheite. 10 2. The
process, CCOI’dI ng to Caiml, wherein the nelt transesterification is
carried N presence of a catalyst. 3. The process according to
Caim2, wherelnthe catalyst is dibutyltin oxide.

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).



- 15 4. The process according to Caim1l, wherein the nelt tr
ansesterification is carned out in the presence of at |east one aliphatic
diol. 5. An aliphatic polycarbonate having a wei ght-average nol ecul ar

- weight MWVof at least 30,000 g nole |, conprising structural units
conformng to 20 formula (M1) O* OTX®@~~* (VII) wherein n is a nunber
between 1 and 100 and T i ndependently of one another denotes a branched or
| i near, saturated or 25 unsaturated al kyl or cycloal kyl radical with 2 to
40 carbon atonms, or a radical conformng to (I1) -32 A1-OAr-0-A1 (I1)
wherei n Al dBrecteesndostagecdfalic proctssaecnrding 4 thedneahtion naystse earaedeaital kyl  or

cycl oal kyl radi.cal s,w th t.o 40 carbon atons and -O Ar-O denotes an
aromatic rao‘io(‘?h}m%#}horlbft 34 carbon atoms. 6. The aliphatic pol ycarbonate
prepared by the process of Claiml. 7. The aliphatic polycarbonate prepared
by the process of Caim2. 10 8. A nolded article conprising the aliphatic
pol ycar bénat Bhefecaidastagesf the\ptocesagrcordigp to fe ingantingueehas) be physically

A8 AS, B85, 185,085, B HSTAAABARY R Mocls ARARTELATAY MBS A - A8y A
apparatus as long as the low molecular weight polycarbonates that are obtainable
by the first stage of the process according to the invention are used for the
production of the high molecular weight aliphatic polycarbonates.
10
The second stage of the process according to the invention is generally carried out

at temperatures of 150° to 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 1s melted 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
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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.
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7. Production of foams (see for example DE-B 1 031 507).
8. Production of fibres and threads (see for example DE-B 1 137 167 and
10 DE-A 1785 137).

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 barium 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 example
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

2 701 173).
13.  Aslight-transmission carriers, in particular as light-conducting cables (see
25 for example EP-A1 0 089 801).
14, Aselectrical 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.
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22.  For sports articles, such as for example slalom poles or ski shoe fastenings.
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.
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polycarbonate 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 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
15  isheated 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 is 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
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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 is stirred for a further 3 hours at
250°C under a high vacuum. After completion of the reaction a transparent
product is obtained with an OH number of less than 13 and a mean molecular

10 weight of 6532 g mole™ (relative solution viscosity 1.12).

The synthesis of a corresponding viscoplastic polycarbonate with a higher relative

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

15 Example 1l

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 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
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

25  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
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.
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5  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°.
The temperature is raised to 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 is distilled off over 60 minutes. The
10 vacuum is then improved stepwise to 50 mbar within 90 minutes without the head
temperature rising. The pressure is reduced to 10 mbar within 90 minutes without
any increase in the head temperature, and distillation is 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 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 vessel 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
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5 17.63 g of previously produced hexanediol polycarbonate (OH no. = 56, 0.0096
mole), 13.75 g (0.0642 mole) of dipheny! carbonate, 17.54 g (0.0504 mole) of
Dianol-220% and 0.0122 g (4.8 x 10” mole) of dibutyltin oxide are 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

10 times) and the mixture is melted at 150°C. The temperature is raised to 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 is distilled off over 60 minutes. Following this the vacuum is
improved stepwise to 50 mbar within 90 minutes without the head temperature

15  rising. The pressure is reduced to 10 mbar within 90 minutes without any increase
in the head temperature, and distillation is 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-hexanediol 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
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to be 56 mg KOH/g.

51.41 g of previously produced hexanediol polycarbonate (OH no. = 56, 0.028

10 mole), 22.92 g (0.107 mole) of dipheny! carbonate, 17.31 g (0.072 mole) of
perhydro-bisphenol A and 0.0203 g (8.0 x 10™ mole) of dibutyltin oxide are
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 is distilled off over 60 minutes. Following this the vacuum is
improved stepwise to 50 mbar within 90 minutes without the head temperature
rising. The pressure is reduced to 10 mbar within 90 minutes without any increase

20  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 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.
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10 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.

15 4. The process according to Claim 1, wherein the melt transesterification is

carried out in the presence of at least one aliphatic diol.
5. An aliphatic polycarbonate having a weight-average molecular weight M,,

of at least 30,000 g mole™!, comprising structural units conforming to
20 formula (VII)

,*/f’u\o T—0-f— (VI

wherein n is a number between 1 and 100 and

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

radical conforming to (II)
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5 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.

10
8. A molded article comprising the aliphatic polycarbonate of Claim 6.



