VETHOD FOR. PREPARATI ON OF _ _ Q?J]W Oy
COPOLYSI LOXANECARBONATES Background of the Invention® d 4

Thi's invention relates to the preparation of block

copol ysi | oxanecarbonates, and nore particularly to their preparation

by an inproved transesterification nmethod. 5 . The

. preparation of polycarbonates is typically.by one of two net hods: the
interfacial and the transesterification or melt met hod. The

interfacial method conpri SMETFR)BGF@ROPH?EPAHA'H@Q or di hydr oxy
conpound, generally a di hydroxyaronati E ngjf W th phosgene in a
m xed aqueous-organic (e.g., nethylene de) 10 nedium in the.

presence of a basic reagenC@BOicYSlBOOG\NNLECArRBaNATESam ne as catal yst.
By reason of the high toxicity of phosgene and the envi ronment al
unsuitability of solvents such as methylene chloride, t he

transesterifi CaB'a@kg%Pﬁ@ bf”ﬁ{é“iﬂv%ﬁfi?ﬁ"' ycar bonate production is 15
t

becom ng nore conmofl. In this nme e di hydr oxy corrpound undergoes

reaction in the malt'vmth di aryl carbonate such as
carbonate. Initial stages THS%InNVe Mf@@teﬁtmttﬂﬁﬁ?%@t@g of bloch yp| cal ly up

to about 200[ er cofolysilonandearboridtesnaid mare pariciianyte theingreparatibme

nol.ecul ar wei ghl;,y I wib%vga t}atnsggteg.?g%wgﬁéﬁ‘é@nperat ures on the 20 order

of 300[err]C i | oxanecar bonates are used
in place of pol ycarbonates for certain agpl I cations, particularly
those in whi&h f | amre Thetpreparatipnoof polytasbgnatesds fypical wby eneejui r ed

and rel atively §e r‘ingft hod for
their preparati t)v(r?]dvm?ho es?rp?[)rﬁédﬂécﬁélﬁg “@rﬁ&%&@ggf conprises the
hydr osi | yl at i onM§&t Theintarfagal methed comprisesthe seacianuel at lagst-ong

conpound such adihgdroxy combbuhahgemérawytdﬁdmyardwdmhmearﬁpwﬁaemﬁnt ai ni ng

ﬁ;arogggre;;ﬁz phosgdhé [P hMixbahddtsisidhidYe.o! HetReRb Eioride) O™ 2
1 medium, in the presence of a basic reagent as acid acceptor and an
amine as catalyst.

By reason of the high toxicity of phosgene and the

_environmental unsuitability of solvents such as methylene chloride,

the transesterification or melt method for polycarbonate production is
15 becoming more common. In this method, the dihydroxy compound

undergoes reaction in the melt with a diaryl carbonate such as

dipheny! carbonate. Initial stages are conducted at temperatures

typically up to about 200°C to produce oligomeric polycarbdnate and

the molecular weight is then built by heating at temperatures on the
20 order of 300°C.

Block copolysiloxanecarbonates are used in place of
polycarbonates for certain applications, 'particutarly those in which
flame retardancy or hydrolytic stability is required and relatively low
temperatures of use are intended. A method for their preparation,

25 described in U.S. Patent 3,419,634, comprises the hydrosilylation of
an ethylenically unsaturated organic hydroxy compound such as 2-
allylphenol with a polydiorganosiloxane containing Si-H moieties,
preferably on the terminal silicon atoms; to form a hydroxyorgano-



-2- term nat ed pol ydi organosi | oxane and t he phosgenation of a
mxture =~ of said polydiorganosil oxane and a di hydroxyaromatic conmpound
such as 2, 2-bi s(4-hydroxyphenyl ) propane or "bi sphenol A".

The use of a nelt procedure for preparation of the 5

copol ysi | oxanecarbonate is also mentioned in said patent. However, It
‘woul d not be generally expected that a nel}, procedure would be
sui t abl e since pol ydi organosi | oxanes usual fy deconpose when heated to

t he hi gh tenperajure uired for nmelt pol bonat e . reparation.

10 | etmigiated polydiorgahasinrang y angdherpliosgangtion of a mixtdre
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This is denonstrated by the fact that a two-phase systemis 15 fornmed upon
di ssol ution of the product g usa etamaltprocadurefaspreparadion of the pej ng
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in the product, BECRHAHEBd to a more random di stribution of the
pol ydi or ganosi | oxane bl ocks whi ch results in the formation of a

'él_ransparent f‘uml ymer. 25 |n fadct, it hﬁsc?'éfbg dié@@?éd;l[ﬂ!im&fm' fowis based on the
i scovery of an , 4O OIVAS) 0 [ _preparati.o oC
copol ysi | oxanecamgﬁ%?@%f]nc’f P°'§T&559%P&Sﬂ°ﬁ$%%§§1?% .'n%gp&xﬁa@&'/‘ﬁm ages
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di stribution 30 dgfyd{%@?ﬁg?‘%leor ganoséq)éﬁgﬁaeﬁgﬁgcxgy n te%é pr ogggt .

silicone. This is demonstrated by the fact that a two-phase system is

15 formed upon dissolution of the product in chloroform, the lower phase
being predominantly polycarbonate and the upper predominantly
polydiorganosiloxane.

There is also a tendency with melt preparation to the
_ formation of copolymers (to the extent they are formed at all) having_
20 very high molecular weight polydiorganosiloxane blocks, as a result
of incorporation of several such blocks at a single poiht in the
polymer. This can cause haziness in the product, as opposed to a
more random distribution of the polydiorganosiloxane blocks which
results in tHe formation of a transparent polyher.

25 The present invention is based on the discovery of an
improved method for preparation block copolysiloxanecarbonates in
a melt procedure. Among the advantages which may be observed
upon performance of this method are increased incorporation of
polydiorganosiloxane and increased randomness of the distribution
30 of the polydiorganosiloxane blocks in the product.



-3- Summary of the Invention The invention is a

met hod for preparing a bl ock copol ysi | oxanecar bonat e whi ch conpri ses
heating in the nmelt in the presence of a carbonate
transesterification catalyst, at tenperatures 5 increasing to a final

val ue of at |east about 280[err]C, a mxture of at |east . one

di hydroxyaromati ¢ conpound, at |east one cgarbonate-term nated
pol ydi or ganosi | oxane free from Si-O C | i hRadges and at | east one

di aryl carbonate. Det ai | ed Description; Preferred Enbodi nents 10
The di hydroxyaromati ¢ conpeunds enpl oyed in the met hod of this

I nvention typi cSumimaryecof thef piventiomO- Rl err] - OH, wher ei n each

Rlerr] independently is a divalent aromatic organic radical. Sui t abl e

Rlerr] val ues include mp A ~ R o 0i phenyl ene,

2, 2- bi s(4- phenyl ene) pr Opaﬁ@r@éﬁg@{qﬁﬁ%%ﬁ?@iqrﬁgﬁ.gnnqg b!ggl?t hose whi ch
correspond to tRepelysilexanccarbgnate which spoprises heatingdn $he esdtiinohenane or
fornmul a (generi préderizess 4 bﬁabdn%téJtJ séstbffitation catalfst? té’rﬁﬁera‘t%\l s

di scl osure g ich I.s |nco'crf)ﬁcira}e % re erenccé . ereln, S0

i ncl uded ar € r allIFERLING SR BAMA! Yglueoof 8t erss abosb 80°C, a miguEs ptat leafkse nay
Fe iybst it gentlsoaacmhmmthmtimf?mpoum,mwyaamh@t@arﬁdﬁ@té-té?minatgd al tSﬁ

i nki ng radica hio s X S ne, ester. am de, ether
and car bonyl . I\_@?ﬁ’%}ggﬁ?&%ﬁé\%@e E{P?(” %’@r’hq'q?@gﬁﬁeﬁng %tr'QaSt one

hydr ocar bon r addisaykcarbonate. - Rlerr] preferably has the fornula
-Alerr]-Y-Alerr]-, wherein each of Alerr] and Alerr] is a nonocyclic
divalent aromatic .radical and Y is a 25 bridging radical in which one or
two atons separ Reladed, Descriptians, Preferfad Embodimentsy ence bonds in the
| atter fornula are usually in the neta or para positions of Alerr]
and Alerr] 00 rel ation toThe dh domatioborapothds enployed inthe sai d

. yaaxgan otrnd
e e nar SPREEEA B RGeS Pl BB s ro-mrci ecven be

wherein each R1 independently is a divalent aromatic organic radical.
Suitable R1 values include m-phenylene, p-phenylene, 4,4'-
biphenylene, 2,2-bis(4-phenylene)propane and similar radicals such

15 as those which correspond to the aromatic dihydroxy compounds
disclosed by name or formula (generic or spet:ific) in U.S. Patent
4,217,438, the disclosure of which is incorporated by reference
herein. Also included are radicals odntaining non-hydrocarbon
moieties. These 'may be substituents such as chloro, nitro, alkoxy and

20 the like, and also linking radicals such as thio, sulfoxy, sulfone, ester,
amide, ether and carbonyl. Most often, however, all R1 radicals are
hydrocarbon radicals.

R? preferably has the formula -A1-Y-A2-, wherein each
of A1 and A2 is a monocyclic divalent aromatic radical and Y is a
25  bridging radical in which one or two atoms Separate Al from A2, The
- free valence bonds in the latter formula are usually in the meta or
para positions of A1 and A2 in relation to Y. Compounds in which R?
has said formula are bisphenols, and the word "bisphenol"l will
frequently be used hereinafter to designate the dihydroxyaromatic
30 compound. However, it should be understood that other
dihydroxyaromatic compounds may be used.



30 conpeund. However, it should be understood that other
di hydroxyaromati ¢ conpounds nay be used.

- 4- The Alerr] and Alerr] values may be unsubstituted
phenyl ene or substituted derivatives thereof, illustrative
substituents (one or : nore) being al kyl, alkenyl, halo (especially
chl oro and/ or brono), nitro, al koxy and the |ike. Unsubstituted

phenyl ene radicals are 5 preferred. Bot A[err] and - A[err] are
pref erably p-phenyl ene, | ene or one

o- or mphenyl ene and the th%:gpﬁng Ah" valugﬁmﬁﬁ/%gnsubstltutedophe ylene  The
bri dgi ng radi cal orubstitutetedérivatives ihereef,dllustrive subsﬁtuemss (dﬂeeéier ably one,

e L) ) TR e (@ S YA B,

cycl ohexyl met hyl @iteq, alkgxy. and theblike,c Uoisubstituteek plyenytene radlcalsareyl ene,
i sopropyl i deng, heenafrady!d &gr}@ af NZ%beéﬁﬂmthzngene although bOtBeCi ally

cycl opent adecyl i dene (93‘; [pg | dene ‘or a
a gem al kyl ene (&ha¥be lgpe of|ofne 91 '@dé*&?"ﬂ@e aaddhe ptheg s
unsat ur at ed radi phienylens. rad| cals which contain atonms ot her than

carbon and hydrogen; for exanple 2, 2-di chl or oet hyl i dene, car bonyl ,
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invention, the pﬁéﬂms.rw'afefahkvm)sapamﬁdfmrn”[#@uritilsmo!sidtﬂnaaol A 20 in

whi ch Y |
A'so enpl oyert iy 5 <4t FAlcAl i badEdiahh S ShuRsaREkaPsOORRY ene-
car bonat e- t er ni n&® Ey%pyeyqug%emem% 222 kmogphqplﬂmethylenenkages

ﬁ 2:{ 25 nfn;] t te[] eso;rethymse Sawpmpyrd?:\% Cosspenty lidin) o?bl%h'eﬂ?ﬁdﬁﬁee catal Wgteg -
melt pol ycar boﬁa? 28'? égﬂgqe%gﬁd% %drec%éer@ng gﬁﬁglan%yh enﬁay bey
represented by tRépecialy Iaag@mfail}ylene (alkylidene) radical. Also included, '
15  however, are unsaturated radicals and radicals which contain atoms
other than carbon and hydrogen; for example 2 2-d|chloroethyhdene
carbonyl, phthalidylidene, oxy, thio, sulfoxy and sulfone. For reasons
of availability and particular suitability for the purposes of this
invention, the preferred dihydroxyaromatic compound is bisphenol A,
20 in which Y is isopropylidene and Al and A2 are each p-phenylene.

Also employed in the method of this invention is at least
~ one carbonate-terminated polydiorganosiloxane free from Si-O-C
linkages (hereinafter sometimes simply “silicone”), which are unstable
when heated in the presence of the basic materials employed as
25 catalysts in melt polycarbonate formation. In general, the silicones
may be represented by the formula

R2 R?
o0 ] N
() A®-0—C-0-R Si=—0-—Si—R%-0~C—0—~A% ,
R? /o R

wherein A3 is an aromatic radical and preferably phenyl, R2 is a C1.4
alkyl radical or pheny! and preferably methyl, RS is a divalent organic



wherein A3 is an aromatic radical and preferably phenyl, Rerr] is a (ferr]
al kyl radical or phenyl and preferably nethyl, R err] is a divalent organic

- 5- radical and nis fromO to about 100. Suitable R3 radicals
include, for exanple, the trinethylene and 4-tri et hyl enephenyl ene
radi cal s and, preferably, the 2-nethoxy-4-trinethyl enephenyl ene
radi cal derived fromeugenol (i.e., 2-nmethoxy-4-allylphenol) and
having the formul a 5 -5- [err]

with Alerr]-O attached to the benzene ri n

car bonat e- t er mi ndadigakand ada érom @ tbeahﬂuéﬂ%ﬂecslﬁ&able R3 radiqaﬁ)mﬁuﬂ? ﬁ@'t hod.
The first step igy Eﬁfbl@yﬁ{eoﬁﬂ'r}éihgkh@rhﬁﬁ lftrl Iﬂ}léﬁk?ﬁhen lene PaesleA18 YanoMpound

such as allyl alco eugenol .wth a
pol ydi or ganosi | o%ﬂ’@r%UMt ) ﬂﬁem&xm%mm@i nep?weny SJSQ caﬁlgnve

hydrosilyl ation iffong@igenbl {i.ec.opgmeathegydraliyiplrinand having thelfeentlasuch as
tol uene and at a tenperature in the range of about 50-150[err] C, and

enpl oys a pl ati num group hydr osi | yloMgoon cat al yst . By
"plati num group” is neant the portion Md—Goup VIII of 15 the Periodic

Table, as traditionally identified, n? the netal s rhodi um
rutheni um pal | adi um osm um irid|u 0 Ghalam The preferred
netal's fromthis group are rhodium pa m and platinum wth

pl ati num bei ng particularly preferred because of its relative

prati num hytr osi 1EEPEY alapBbyi6Me bbkzendng, o 0 the arte They o

i nclude, for exanple, reaction products of
The carbonate-terminated silicone may be prepared by

a two-step method. The first step is the hydrosilylation of an olefinic
hydroxy compound §uch as allyl alcohol, 2-allylphenol, 4-allylphenol
10  or eugenol with a polydiorganosiloxane containing terminal Si-H
groups. The hydrosilylation is generally conducted in an organic
solvent such as toluene and at a temperature in the range of about
50-150°C, and employs a platinum group hydrosilylation catalyst.

By “platinum group” is meant the portion of Group VIil of
15 the Periodic Table, as traditionally identified, containing the metals -

. thodium, ruthenium, palladium, osmium, iridium and platinum. The
preferred metals from this group are rhodium, palladium and
platinum, with platinum being particularly preferred because of its
relative availability and particular suitability.

20 ¥ Numerous types of platinum hydrosilylation catalysts are
known in the art. They include, for example, reaction products of
chloroplatinic acid with olefins, alcohols, ethers, aldehydes and
vinylsiloxanes such as tetramethyldivinyldisiloxane. A reaction

~ product of chloroplatinic acid with tetrar‘nethyldivinyldisiloxane in the

25 presence of sodium bicarbonate as disclosed in U.S. Patent.
3,775,452, dissolved in xylene to a level of about 5% by weight
platinum, is often preferred; it is hereinafter designated “Karstedt’s
catalyst”.



chloroplatinic acid with ol efins, alcohols, ethers, aldehydes and

vi nyl si |l oxanes such as tetranethyl divinyl disiloxane. A reaction

product of chloroplatinic acid with tetranethyl divinyldisiloxane in the 25
presence of sodi um bicarbonate as disclosed in U S. Patent.

3,775,452, dissolved in xylene to a |level of about 5% by wei ght

platinum is often preferred; it is hereigafter designated "Karstedt's
catal yst". - . - 6- :
I f the hydrosilylating poljyek ' | : ul ar wei ght
conmpound such as tetranet n'ym%?ﬁﬁwéﬁﬁ?@'V°q°@al"§§ﬂ'%’&%qea'r‘°'%‘ﬁght of the
hydrosi | yl ati on PPS&H Wéhb@m@%ﬁsﬁ@&htﬂﬁ tetramethyldisilexapecthe

equi | i bration wirhblegufativéiheof e hydroSilylasdry piodugtnnsi befdteased'bp as
hexanet hyl cycl ot ri sil amat.hé cyclotetrasil oxane.

xane ofr.,, . aGt
Aryl carbonate t%eﬁﬁ??%'neW'l'QrﬁgOH)”ﬂﬁbéisf“wla & BYFlGr oduct may be
achi eved by beaqualydiongariosiloxare,ysuchaad reaamethndcydiotyisioxdrenpt
car bonate, or arﬁ&é%@h@;&%ﬂe‘?ﬁ@%ﬁaq&appi ng with a diaryl carbonate 10 is
net 0Se condi

usual ly by a mnel 'ons are simlar to those of t he
mel t copol ysi | oxanecar bonaé e reaction described hereinafter. Cappi ng

with a chloroformate is u carbanate terminatan of thechydrestylatinn product
sol uti on condi t iraag bet agHieved byiraa@tidmwtmI@dﬁrﬂ*ﬁa%éﬁﬁe%é@élgf@mhuﬁﬁ

dinth f ab ' t. h
r et hyl ani he. oatBaals: AD &R il CURinBGhals” EamRing WA il farognatene

t er convenf Dond$ lugualye by ianmieltt raefhmdi whoseotynditibnsareesintitardo those (l)f o
The reparati on = : . ustrate

by the Fol 1 ow ndne,af cbBbRRNEkéné B BonAL Tablop B8EETDAS hereinattér, | ;| | L1
3-necked fl ask ?G'anmagmma@hwrmfgaieiu&uéuaﬂy achieved uadas interfacial e et er

and magnetic st isfdltﬂiod’@éndltléﬁ@.?xsichhy in a mefhyldrROSMoABE-watar fftduré th 372.8

2. 27 | f |, 152; 1.135 |
et r amot yl di &1 IFECHARERIes8RcH2" Bbassanshy sl geceptor such as

15 triethylamine or sodium hydride, employing reaction conditions of the
type conventionally used in interfacial polycarbonate formation.

The preparation of the carbonate-terminated silicones is-
illustrated by the following examples.

Example 1

20 A 2-liter, 3-necked flask fitted with a nitrogen inlet,
condenser, thermometer and magnetic stirrer was purged with
nitrogen and charged with 372.8 g (2.27 moles) of eugenol, 162.49 g
(1.135 mdlés) of tetramethyldisiloxan_e and 750 mL of toluene. Upon
addition of 1.6028 g of Karstedt's catalyst with stirring, an exothermic

25 reaction occurred which caused a rise in temperature to 72° over 4
minutes. The mixture was slowly heated to reflux temperature and
‘maintained at that temperature for 1 hour, whereupon a vigorous
exotherm occurred and the mixture had to be cooled quickly. After the
reaction had subsided, refluxing was continued for 1/2 hour and the

30 toluene was removed by distillation at atmospheric pressure. The low
molecular weight hydrosilylation product was distilled at reduced



addi tion of 1.6028 g of Karstedt's catalyst with stirring, an exothermc 25
reaction occurred which caused a rise in tenperature to 72 over 4

m nutes. The mi xture was slowy heated to reflux tenperature and

mai nt ai ned at that tenperature for 1 hour, whereupon a vigorous

exot herm occurred and the m xture had to be cooled quickly. After the
reacti on had subsided, refluxing was cont ingued for 1/2 hour and the 30

t ol uene was renoved by distillation at atfidspheric pressure. The | ow

mol ecul ar wei ght hydrosilyl atio [0, distilled at r ed

-7- pressurpégﬁﬂﬁe@dﬁ “éﬂk@&‘gfu %Fé%ﬁ@@ fetﬂ?lrd.w%gg?%egnorwas '
422.2 g, or 8086 uf thedreticalet i cal . Adry 2-liter
flask was charged with 150 g (0.325 nol e) of the hydrosilylation

roduct, 1329 17.9 nole i " I i d 15 g
8f an acidic clga§/ as cat al ?2598;2 iter ‘%ﬁ%%&@é@ﬁ Lﬁ&g@ﬁh@%ﬁo@
120[ err] C over ni gthe hydiestylation pjodyet, §329 g (17.9 molas) ®6ol ed and 10 g of a
filter aid nmeger iRamathyryerRAetradifoRandtingMs g of an%tﬁdiﬁ‘dféWé@c%%xﬁt! | tered

and unreacted octa hyl'cycl ot ety asi | ,0x . was renmoved acuum
stripping. The pra&gﬁb? g "S@%&?ﬁwgﬁﬁ%@ °"ﬁ{m$\9€§<y‘ﬂﬁeﬁﬂ'ﬂmgeﬁrﬂ’%t ed

sili fpne ha?/l ng dhemceoledearid v0lg dvfeanfitér aitl material wés aided, after whichE>2<z7izpl e 2
Al-liter ass : g
(658 i} of - a e MRl Vg ffbrod hrickBficRbretf Serahiidhclotetrasiibldhel ", 7,
to that of ExanpMasiresuevesbby vgcuuml ssirpingndihe prodect was a 3-mathexyadd 31 g
(144.8 mmol ) 1 gf myamwﬁgeﬁgpmma?d&m&hemawgegh rd@?ageaﬁl(?ck"lﬁﬁ%ﬁi‘éfpe”ded

in the . solid m xtyre ,iam e vessel was evacuate purged wth
ni trogen three ti#;e'é(" St was then i mersed in a heat . bath at
180[err]C and stirring was initiated, whereupon a honogeneous 20 |I|iquid
was forned. Aftegﬁfgéwhi‘é'b ation, tetranethyl anmoni um hydr oxi de, 0.3
mrol , was added t®nperawure was raised to 180[err]C for 5

m nutes. The tenperature was then raised to 210[err] C and t he
pressure |owered to 175 tork 1-lilereglass onelbpelyoierizatiom reactar wasidharged from

the reactor. Aft it374g(6L58 mrhof of 'S mstRoXR-HydiSyphehyI-tkPfinated

15  silicone similar to that of Example 1 but having a block length of 50
units and 31 g (144.8 mmol) of diphenyl carbonate. A helixing stirrer
was suspended in the solid mixture and the vessel was evacuated
and purged with nitrogen three times. It was then immersed in a heat
bath at 180°C and stirring was initiated, whereupon a homogeneous

20 liquid was formed. After equilibration, tetramethylammonium
hydroxide, 0.3 mmol, was added and the temperature was raised to
180°C for 5 minutes. The temperature was then raised to 210°C and
the pressur"g lowered to 175 torr, whereupon phenol began to distill
-from the reactor. After 35 minutes, the pressure was lowered to 100

25 torr and distillation of phenol was continued. After the theoretical
amount (about 13 mL) of phenol had been collected, the reaction was
stopped and the phenyl carbonate-capped silicone collected.

Example 3

. A 5-liter 3-necked flask fitted with a thermometer,
30 pressure equalizing addition funnel, stirrer and nitrogen bubbler was
purged with nitrogen and charged with 800 g (190.5 mmol) of the 3-



25 torr and distillation of phenol was continued. After the theoretical

anount (about 13 nl) of phenol had been collected, the reaction was .

st opped and t he phenyl carbonate-capped silicone collected. - Exanpl e
A 5-liter 3-necked flask fitted with a thernoneter,

30 pressure equalizing addition funnel, stirrer and nitrogen bubbler was

purged with nitrogen and charged with 80059 (190.5 nmol) of the 3-
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stri pped yi el dihogrs, mrd@whmﬂl friethnlamirer bydrebblonde precipitateed] silicone in a

yield of greater than 98% Exanpl e 4 A 5-liter

3-necked flask fitted as ql@@gﬁ 'aB?glg'n %Wp‘ﬁ%tg ﬁ-@ miRardPiWageioldd

ni trogen and charged with
3- met hoxy- 4- hyd %mﬁbwonbtemmawegwemghbamwydd The filtrate wasanpl e 2

and 3 |iterspof wa@}feahm@wh%terwéa SVl &n liéhfargﬂ@snum sulfad cool ed

Form of & 50% aNEBGCRRY “ruwh s‘?('aaé&v%@"% GE5EAD el BRSNS 1 o

was continued fcappédsiliconedn & yield efdgleatertham98%. conpl ete, and then a

solution of 31.2 g (199.3 mmol) of phenyl chloroformate in 300 nL of
t et rahydr of uran was added sl owlsy to ' -
Example 4

A 5-liter 3-necked flask fitted as described in Example 3

15  was purged with nitrogen and charged with 400 g (96.1 mmol) of the
3-methoxy-4-hydroxyphenyl-terminated silicone employed in
Example 2 and 3 liters of tetrahydrofuran. The mixture was stirred
and cooled to 4°C in an ice-water bath, whereupon 6 g of sodium
hydride in the form of a 50% dispersion in cil (about 250 mmol) was

20 added. Stirring was continued for 45 minutes after addition was
complete, and then a solution of 31.2 g (199.3 mmol) of phenyl
chloroformate in 300 mL of tetrahydrofuran was added slowly to
maintain the temperature below 10°C. Total addition time was 2-3
hours.

25 _ The mixture was allowed to warm to room temperature
overnight and filtered through a filter aid material. Ethy! ether, 250
mL, was added and the solution was washed twice with saturated
aqueous sodium chloride solution and dried over anhydrous
magnesium sulfate. it was then filtered and filtrate stripped in vacuum

30 to yield the desired phenyl carbonate-terminated silicone in a yield of
357.6 g (84.4% of theoretical).



mai ntain the tenperature below 10[err]C. Total addition_ tinme was 2-3
hours. 25 The m xture was allowed to warmto roomtenperature
overnight and filtered through a filter aid material. Ethyl ether, 250

m., was added and the solution was washed twice with saturated '

aqueous sodi um chl oride solution and dried over anhydrous magnesi um
sulfate. It was then filtered and filtrate,stripped in vacuum30 to yield
.the desired phenyl carbonate-term nated si ?I cone in a yield of 357.6 ¢

(84.4% of theoretical). . -9 -
The diaryl carbonates enpl SPEFiIaY! cabAnates amMployaddn the methad 8fthe, i nci ude
di phenyl car bonatrweatidn sndiade iphehyd earbendteend substitutbdrderivativegheny |

carbonate is usugldmy ?Pr fp?\ref\gpcé%obﬁfbs@gl.lé?jal!&'tp?eferred bf?éﬁéog\%efqn{)ﬁ

suitability and re oyed is a
car bonat e transeﬁﬁﬁmafcﬁ‘aﬂtabﬂty and relgdivelyylow co@tny such catal ysts are known
in the art and are .enunerated in patents and publications dealing

\4/1“ g 25ng|6tz . 5363p0| ycar boga%sfgéuggmdqe .a barﬁdnﬁwcrahlsé‘steﬁﬁéatmrﬁ 4, 3f16 981,
y OG0, ) ) n nco, rererence
nerern edtaly <" ety i Catal s arekriow R ERCAT B .
transesterifi cat eoumerated in pad¢ntstanchpeblicationsrdaaling avith nmiglitey i ncl ude

el enental al kali pgfgb?{b%na#e fom%i(anakﬁu&ﬁgsegr tﬁb&&&%%ﬁw §§lfa| ine earth

met al hydr oxi des] S nl ¢ aci ds,

ami nes, quat er nafB4:8fmhi4,:363.805and ﬁﬁdmmfbam mcormfat@rby sul f oni um
corrpounds g | dréfgﬁence herefipnt ai ni ng el ectron-rel easi ng substituents such
as am no or- hydroxy groups, netal al um' num hydri des and borohydri des

and bicyclic guani di | Kk an car boxyl at es
are often preferred &Pfﬁ‘e[n%f’ﬁg fth&\ %%1 rﬂj‘r‘}@P

nost 20
pref erred, genercatalystsrpreobasicimatedials. ndhey mcludm elnmeﬁtabalkalnmeials

hydroxide and prg Srag%lég?ﬁ%{nw%@grgrgﬁgﬂﬁe e%%srﬁefdli’u afo%dés"‘%%\%%tfs

may be enployed as or su enen
strong bases and weak organic acids, ammes quaternary ammonium

15 and phosphonium salts, tertiary sulfonium compounds, pyridines
containing electron-releasing substituents such as amino or hydroxy
groups, metal aluminum hydrides and borohydrides and bicyclic
guanidine compounds. The tetraalkylammonium carboxylates are
‘often preferred with tetramethylammonium formate being most

20 preferred, generally employed in combination with an alkali metal
hydroxide and preferably sodium hydroxide. Phase transfer catalysts
may be employed as replacements for and/or supplements to said
basic materials.

ﬁ‘

_ ~* The method of this invention is performed by merely

25 heating the above-described reagents in the melt, preferably in an
inert atmosphere such as nitrogen. Heating is usually in two stages.
In the first stage, temperatures are initially up to about 200°C and are
gradually increased to a maximum of about 280°C, generally with a
gradual decrease in pressure so that phenol or an analogous

30 hydroxyaromatic compound distills out of the mixture. During this
stage, oligomeric copolysiloxanecarbonates are formed. In the
second stage, at temperatures of at least about 280°C but below the
decomposition temperature of the product copolysiloxanecarbonate



basic material s. The method of this invention is
performed by nerely 25 heating the above-described reagents in the nelt,
preferably in an i nert atnmosphere such as nitrogen. Heating is
usually in two stages. In the first stage, tenperatures are initially
up to about 200[err]C and are gradual ly increased to a maxi num of
about 280[err]C, generally with a gradual decrease in pressure so

t hat phenol or an anal ogous 30 hydr oxyar ofmati ¢ conpound distills out of
the m xture. During this . stage, qligoneric.copolysiloxanegarbonates
are forned. In tlﬂé‘% prefefas’h!daﬁaesr{agg@,0?@%9%9%8&@?* '@pﬁpﬁ st about
280[ err] C but belppeessure (e.g., in tHecrange of about 0:51pe.0zotr),chefoligbmericoduct

copol ysi | oxanecar . - . , - 10-
and preferably i ﬁ?@%@%ﬁgﬂ@%eqﬁesatgga{m%gb ﬁ%‘ee‘“gﬁaveéqmrbel%kced _ pressure
(e.g., in the racgpolysilosanecarbonate. 0 torr), the oligoneric mat eri al
condenses to form hi gh nol ecul ar wei ght block copol ysi | oxanecar bonat e.
bi sphenol may®be.yar od vi S"E B B o

desired in the prasrRianol maykayvaged Wiaég'gépﬁeﬁgf‘%?? &Wﬁ&gﬁog‘?&%ﬁne

Cgffp[i gegooa/bogt Aesired’%in the predurdt) Mn W tallﬂ@&/amata&atarm.inated apilieple_eabl y
apbou - (0] Yy [ a = ) 4An&/€ Sil1cone
and bi sphenol . N%g%q%éﬁ@ftqgsiﬂ%%kp&%}%ﬁgég?v? f‘&é’a#e@:ar sgnat e wth a
relatively high mrefesablyabat 3:20%x byaveight based op total catanater of 40-80%
by wei ght .y baoRfhaRediiBBHe and bishENleRaNBiivaN 4 bléeRopol ycar bonat &

to afford a pol ynmer m x aving t desire roportiop of siloxane
groups for the erﬁ?P@&@"?xgﬂe%ﬂ’@%@dW“ﬁ a reel\atweﬁy hlgd" pro 0”'%8;13&%%9 of

di aryl carbonat e \giie| 8aHeiordaIcoiR4G80% by weight, mhayabé peepargdiamal ar

proportion with respegt, to the. bi.sphenql i 1 t.0j . pe of
the invention to gfﬁ%\@ é%W%x‘é’!JEJ‘, '?%qqg ?'ﬁ?"aﬁe {ooaf(jj‘ordvg bgiy%etft}ﬁ%ﬁ@% erably
up to a 1.1:1 anchaviryg the désired proportion b§ sloxae grasipsrfopthe end use of di aryl
carbonate to1gi Sﬁmed. Cat al yst proportions are ,

The amount of diaryl carbonate employed is generally at
least an equimolar proportion with respect to the bisphenol. Itis-
: within the scope of the invention to employ an excess, typicallyup to a
I‘t 2:1, preferably upto a 1.1:1 ‘and most preferably a 1.015-1.08:1 molar
20 ratio, of diaryl carbonate to bisphenol. Catalyst proportions are
generally about 0.001-1.0 mole percent, preferably about 0.05-0.25
mole percent, based on bisphenol, of which alkali metal hydroxide (if
present) constitutes about 10-20 ppm based on total catalyst.

"' The method of this invention is illustrated by the
25 following examples. All percentages are by weight.

Examples 5-8

Mixtures of various proportions of bisphenol A, a
carbonate-terminated silicone of the type prepared in Examples 2-4
and diphenyl carbonate were prepared in a 1-L glass melt

30 polymerization reactor which had previously been passivated by acid
washing, rinsing and drying at 70°C overnight. A helixing stirrer was
suspended in the mixture and the reactor was sealed, deoxygenated



general ly about 0.001-1.0 nole percent, preferably about 0.05-0.25

nol e percent, based on bi sphenol, of which alkali nmetal hydroxide (if
present) constitutes about 10-20 ppm based on total catalyst.

The method of this invention is illustrated by the 25 follow ng exanples.
Al'l percentages are by weight. Exanpl es 5-8

M xtures of various proportions of bispheggl. A a

carbonate-term nated silicone of the type prepared in Exanples 2-4

and di phenyl car gag@u %Hd]‘égéfg‘:e‘a Wﬁh?lu}ﬁlgd%t?o;iessl I{'}mg by aci d

~pol ynmeri zation react or

washi ng, rinsin WQ&“@?'QQ’C&@@(}Q M@@@Lﬂemn@mpea&edémremtmgest iTheer was

suspended in there@btﬁrLW@s tHth hé@ted 399180 C \ikd ﬁﬁ?éd?ﬁio Omssﬁ%hﬁﬂete
by evacuati on, a

ed wth purified nitro
deoxygenat i on- c %;ﬂ'dg%dﬂp& I IF’BBB&W qugitq 99%'2”%@"
react or was 5her5-|16anmte$ath8(mjm stjmadiatiZSO irpmealks satalytic anméumis opapl et e

5 36w mit o6 andeRAdd St re§°iﬁ’°¥'5%ﬂ@"%ﬂ’%fﬁ!ééﬁ*ﬁ&z b Bt hgR", o

2.21 M aqueous sbPgbiMaayeousisolutiongf sodiu rawdme;eamded 0.025 M
aqueous sol ution of sodi um hydroxi de were added ‘

Heating was continued, wi theaﬁﬁg:waslmtmﬁéddmhlés)a%haﬁ@n and distilfatigi- pr oduct

shenol, 800 1Pl 1A, et ol Bty i . "

210[err]/ 1800t orvarlmlonsrfmmgxample to example: 210/ 100 torr-35 m nutes;
"240[err]/ 15 torr-30 mnutes; 15 270[err]/2 torr-30 m nutes;

300[err]/2 torr-1 O m nut ef86”ﬂ65)fd?r—%%ﬁﬁﬁé§ve nol ecul ar
wei ght build.
210°/180 tor—35 minutes;
- 210°/100 torr—35 minutes;
240°/15 torr—30 minutes;
15 270°/2 torr—30 minutes;
' 300°/2 torr—10 minutes or more, to achieve molecular
weight build.

During the last few minutes of heating, the agitator
~ speed was decreased periodically to avoid excessive system torque
20 during molecular weight build of the polymer.

The products were the desired
copolysiloxanecarbonates, which (at least in Examples 6-8)
demonstrated no phase separation upon dissolution in chloroform.

o5 Details of preparation and properties are listed in the following table.



',Duri ng the last few m nutes of heating, the agitator speed was
decreased periodically to avoi d excessive systemtorque 20 during

nol ecul ar wei ght build of the polyner. The products
were the desired copol ysi | oxanecar bonates, which (at |east in Exanples
6- 8) denonstrated no phase separation upon dissolution in chloroform
Details of preparation and properties areii sted in the followng table. 25
- 12 - -12- Exanpl e

5 6 7 8 - Bisphenol A: G ans

22.5 82.7 107.9 200 Mol 5 GE*a’“P'e7 g 984

360 472. 6 876 Silicone, grans ' 100 54.9

30.2 10.9 oy | carbonate G amns

27.7 141.5 l?é?g?‘ﬁ@% 2 Mhol 225 82..71 107.9 200 127.9

660 615. 3 10%mol ~ Tetranet hyl ammoni unmgg @r mataso nab2.60. 2876 0. 45
0. 45 0. 45 Silicone]igraméydr oxi de, [err] nol100 549 3. ™®.2 71869 7.5

3.75 Si | i c&tighenylcaarhonetgt i on Theoretical , % 80
40 20 - ms Act ual % ' 27.7 14165 13;'860 225.34 5
¢ : 127.9 66 1563 1061
19.8 4.5 Tet%%k}l%m%uﬂi forh§8" ShbF2! 0.23 045 7%.4% 86748 99
90 Ma Sodium hydroxide, ymol 375  Pg 200757, 9395 43,000 .
M= Silicone incorporation 31,900 18, 600- 14,500
Tg, [err]C Theoretical, % -35 8 4019 20 - § Intrinsic
viscosity, dl/g* ACE:I'ZZ { theoretical - 30 0. 434-; 519.8 4% n
chloroformat 2 » (> OF theoreiica **By gel erm@% on omgtBhr aph
relative to pol Aﬁ;/r]ene Y 9% 62,500 578'360 43,000 i
' hee 31,900 18,600- 14,500
' Tg, °C -35 42 119 —
Intrinsic viscosity, di/ig* - - - 0.434
5 *in chioroform at 25°C.

**By gel permeation chromatography relative to polystyrene.
***Gelled; no molecular weight determinable.

Corresponding products prepared from hydroxy-
terminated silicone showed incorporation of only about 3-5% by
10  weight of theoretical polydimethylsiloxane units. In addition, they
formed 2-phase systems upon dissolution in chloroform. Attempts to
make copolysiloxanecarbonates by similar procedures employing
octamethylcyclotetrasiloxane and unfunctionalized
polydimethylisiloxane oil yielded suspensions showing no evidence of
15 copolymer formation.

Example: 8

 The product of Example 7 was blended in a Henschel
mixer with bisphenol A homopolycarbonate to produce a biend
containing 5% silicone groups, and the blend was injection molded
20 into tensile strength test bars. Said bars had a Tg of 139.4°C, a
weight average molecular weight of 54,600, a number average
molecular weight of 20,600 and an intrinsic viscosity of 0.454 g/dl.
They exhibited V-0 flame retardant propetties.



*»**Cel |l ed; no nol ecul ar wei ght determ nabl e.

Correspondi ng products prepared from hydroxy- termnated silicone
showed i ncorporation of only about 3:5% by 10 weight of theoretical

pol ydi net hyl si |l oxane units. In addition, they fornmed 2-phase systens
upon dissolution in chloroform Attenpt3ite make

copol ysi | oxanecar bonates by sim | ar procedures enpl oyi ng .

oct armet hyl cycl ot etrasi | oxane and unfunctionali zed pol ydi met hyl si | oxane
oi | vyi el ddwats usperls iowed st ng no evi dence of 15  copol yner formation.
Exanmple 9 The product of Exanple 7 was blended in a
Henschel m xer wth bi sphenol A honopol ycarbonate to produce a bl end

cont ai ni i 5%2 meitdede LgronpepParhng th d sk gorad ysilexanesaybonagerwhichnt o

tensile stren@dhdebdedHeatitrj Arbehs Hattaid krd prederde o] & carbonate
wei ght average nol ec larirfrfflf hi of 54,60 a nlé%ber myl ecul ar

ayer age,
wei ght of 20, GOARGRE on RGNSy Aff GRPSFAFHTEE incregRipg to
exhi bited V-0 4 |fimal stadndapif ptopeasteabout 280°C, a mixture of at least

- 13- What is ai m;ﬁ 1S3 . hod ' arin bl
copolysiloxanéggébona<§i§ﬁ?§¥5r°ﬁ%§$grisé%ﬁﬁﬁg#ﬁﬁg in%fﬁe ngﬁgan Ehgne
presence of a carhenrke-terminatrdpelydiorganpsilexanetfree frapefirares
i ncreasing to jjnkaydd HHld Vit Ufedt and efdry@P WHrictidte a2 M xture of at

| east one di hydr oxyaromati c conpound, at | east one
car bonat e-term nat ed pol ydi organosi | oxane free fromSi-OC | i nkages and

at |east one diarymethoBonatgéccording A toet haglaimccondi ngvhdrein cl athe 1

wherein  the polydiorganosiloxane is a polydimethylsiloxane and wherein

dihydroxyaromatic compound has the formula HO-A!-Y-A2-OH,
wherein each of Af and A? is a monocyclic divalent aromatic
radical and Y is: a bridging radical in which one or two
atoms separate A! from AZ.

3. A method according to claim 2 wherein the
carbonate-terminated polydimethylsiloxane has the formula

Hs CH
7 I * g
- A3~0—C-0-R3— §i—0 Si—R%-0~-C—0—A% ,
CHs /p CHs

wherein A%:s an aromatic radical, R! is a divalent organic
radical and n is from 0 to about 100.

4. A method according to claim 3 wherein R’ is

CH30 :

(CHz)a—

with A3-0 attached to the benzene ring.

'? ) AR Y



pblydiorganosiloxahe I s a pol ydi net hyl sil oxane and wherein
di hydr oxyaromati ¢ conmpound has the fornmula HO Alerr]-Y-Alerr]-0OH,
wherein each of Alerr] and Alerr] is a nonocyclic divalent aromatic

radical and Y is a bridging radical in which one or two ~atons separate
Alerr] fromA[err]. 3. A nethod -aggording to claim 2 wher ein
the - carbonat e-term nat ed pol ydi net hyl sil oxane has the formula [err]

wherein Alerr] is an aromatic radical, R err] is a divalent organic
radical an®.n i& fmethd t @calood®ing00to dlail nzt hdtereioor diheg tarbbah@e3

wherein R err] ¢ : s ] rr<O atta enzene
ing. tSansestdf{fication %{:Qlﬂf 4= a£5. %ﬁqﬁéﬁﬁﬁg“@%ém g
to claim 2 weahoxylake caPBona?e combination of tetraalkylammonium

carboxylate and alkali metal hydroxide.

6. A method according to claim § wherein the carbonate
transesterification catalyst is a combination of
tetramethylammonium formate and sodium hydroxide. -

7. A method according to claim 2 wherein = the
' carbonate~terminated polydimethylsiloxane comprises about
0.5-95% Dby weight based on the total. of said
polydimethylsiloxane and dihydroxyaromatic compound. '

8. A ' method acc;érd_ing to claim 7 wherein the
carbonate-terminated polydimethylsiloxane comprises about
1-40% by weight based on - the total of said
polydimethylsiloxane and dihydroxyaromatic compound.

9. A method according to clainm 7 wherein the
carbonate-terminated polydimethylsiloxane comprises about
3-20% by weight based on the total of said
polydimethylsiloxane and- dihydroxyaromatic compound.

10. A method according to claim 2 wherein the molar ratio of
diaryl ca‘l_:;bpnate to dihydroxyaromatic compound is about 1
.
-2:1 . ; ) o

1R O |



transesterification catalyst is a tetraal kyl ammoni um car boxyl at e

or a conbination of tetraal kylamonium car boxyl ate and al kal
nmet al hydr oxi de. 6. A method according to claim 5 wherein the
car bonat e transesterification catalyst IS a conbination of
t et ranmet hyl ammoni um format e and sodi um hydroxide. =~ 7. A  nethod
accordi ng to claim 2 wherei n tq§ car bonat e-term nat ed

pol ydi et hyl si | oxane conpri ses about T05-95% by weight based on
the total of said pol ydi net hyl si | oxane and di hydr oxyaromati c
conmpound. 8. A nethod accordi ng to claim 7 wherein t he

carbonat e-term nated pol ydi METHOD | PORSPREPARATION COF . 1-40% by

wei ght based on t he total of i%@gK pol ydi met hyl si | oxane and
di hydr oxyaronatic conpound. n@ accordi ng to claim 7
wherein the -car bonat ecmP&LMHdOMANIEOrAHB'ONAIESIe conpri ses about
3-20% by wei ght based on t he total of sai d

pol ydi met hyl si | oxane and di hydroxyaromatic conmpound. 10. A et hod
according to claim2 wherein the nol ar Abstracss di aryl carbonate to

di hydroxyaromatl c conmpound is about 1 -2:1 .

Copolysiloxanecarbonates are prepared in the melt by

the reaction of a diaryl carbonate such as diphenyl carbonate with a
mixture of a dihydroxyaromatic compound and a carbonate-
terminated polydiorganosiloxane, the latter typically prepared by

5 reaction of a diaryl carbonate or aryl chloroformate witha ~
hydroxyorgano-terminated polydiorganosiloxane. By this method,
incorporation of silicone units in the copolysiloxanecarbonate is
maximized.



