1fNETHOD OF PREPARI NG POLYCARBONATE- POLYSI LOXANE BLOCK COPOLYMERS nnf?és
BACKGROUND OF THE INVENTION 5 Field of the. Invention This inventi(gz%T - Co
relates to thernopl astic condensation pol yners which are pol ycarbonat e-

pol ysi | oxane bl ock copol yners and to nmethods of their preparation. 10

Brief Description of Related Art The preparation of polycarbonate and

pol yest ercarbonate resins from nononer reactants by the step growth or

i nterfacial polycondensation procedure is well known; see for exanple the

U S 15 Patents 3,169,121 and 4,188, 314.1 GEneraIIy, a catalyst is

enpl oyed to accelerate the rate of pol ymeri zati on of the dihydric phenol
reactant with the carbonate precursor such as phosgene and with the

di carboxylic acid (ester precursggtambeogZﬁggpgg; ged Cat al ysts commonly

enpl oyed are the ter 5 ’ _ m salts; see

U. S. Patents 3, 240, 732 o ' 1, Ilnes
26-27). In these descrlptlons‘ NEHE ZNWBENIT

equat ed to, fgr gfgf@lgf #ﬁ%a%h¥£3@19§3 as effectlve catal ysts to pronote
t he pol yneri zati reactants. More recently, it was
shown that phase tranERés imvenyien rehabes  tedtharpPaiastic or in 30

addition to tertighjeABatesnt BoRyRERECWRiGh ABL eyl fEarBbiltepol ycarbonat es
enpl oyi ng reduced

polysiloxane block copolymers and to methods of
their preparation.

10 Brief Desc i Jated art

The preparation of polycarbonate and
polyestercarbonate resins from monomer reactants by
the step growth or interfacial polycondensation
procedure is well known; see for example the U.S.

15 Patents 3,169,121 and 4,188,314. Generally, a
catalyst is employed to accelerate the rate of
polymerization of the dihydric phenol reactant with
the carbonate precursor such as phosgene and with
the dicarboxylic acid (ester precursor) when

20 enmployed. Catalysts commonly employed are the
tertiary amines, including guaternary ammonium _
salts; sée U.S. Patents 3,240,755 (Col. 5, lines
65-74) and 3,240,756 (Col. 1, lines 26-27). 1In
these descriptions, the gquaternary ammonium salts

25 are equatéd to, for example, trialkylamines as
effective catalysts to promote the polymerization
rate of thé monomer reactants. _

More recently, it was shown that phase
transfer catalysts can be used in place of, or in

30 addition to tertiary amines to prepare high
molecular'weight polycarbohates employing reduced



2. anDunts of phosgene reactant (see U. S. Patent 5, 391, 692).
Polynerlzatlons with a phase transfer catalyst present requires fromb5 to
10% | ess phosgene to obtain a conplete nolecular weight 5 build. Because
conpl ete nol ecul ar wei ght build was achieved with either a tertiary am ne
or a phase transfer catalyst, slight excesses of phosgene over and above

the stoichionetri.c anount did not change the wei ght average nol ecul ar

wei ght. 10 In any event, the patentees in U S. Patent 5,391,692 did
not consider the difficulty of preparing &il oxane-pol ycarbonate bl ock
copol ymers whi ch contain hkag*concentratlons of the siloxane block with

consi stent and PmeMntEasife sgiane) reagtandgd sas dbf arPatgnthts. In
addition, it wasg, neh myn t haiolivaferisutdlonts RRASE d pHaEeka{darst coul d

be used in a pro at mould |ve both ood phos e utilization and

bl ock copol yner?a%laﬁ'w gcrfrﬂi‘ £ g"gql;% age mol ecul ar
20 wei ghts. Thep;rm:sfgelmeed:doIcmuia:.ﬁoraolcgcnrf;metmlr auliexth Iy tviagm hod of the
i nvention arg e QERG t derived
pol ycar bonatg> b?’q‘%@ cop f%iars eg‘?g ‘?%e}na(g%elﬁ H%}F ‘%endl ng

wi th pol ycar bon@t@ﬂﬂﬂmb&gh!emmﬂmms t‘h!an:ﬁJtamm qmlqesawmmmlasw th

modi i ed | ower kgt diiydd Sl 1gHc @ﬁsﬁsarar@&{ Sveyt SO
hi gh wei ght percent sil oxane oncentra or endi n mn ycar onates
reduces the 30 FSH@ARAYEh %t%t@fcrﬁr%q% anunY)| RARGS in two

ways: first, |exhehaiightoptieriye irfl doula RRMgyHL. it |s a ponS|onane
hi gh | evel %ncent raL_[e aar}g, seevceoq:d eec%uastentheeerse 1|ns desss lgf the pol y-
5,391,692 did not consider the difficulty of
preparing siloxane-polycarbonate block copolymers
which contain high concentrations of the siloxane
block with consistent and predictable weight
15 average molecular weights. In addition, it was not
known that the use of a phase transfer catalyst
could be used in a process that would give both
good phosgene utilization and block copolymers with
consistent and predictable weight average molecular
20 weights.

The preferred block copolymers prepared by the
method of the invention are eugenol end-capped
polydimethylsiloxane-bisphenol-A derived
polycarbonate block copolymers, useful as a blend

25 stock for blending with polycarbonate homopolymer
resins to obtain polycarbonates with modified lower
temperature modified impact resistance properties.
Also, a high weight percent siloxane concentrate
for blending with polycarbonates reduces the

30 production costs of preparing such block copolymers
in two ways: first, less block copolymer has to be
made if it is a polysiloxane high level concentrate
and second, because there is less of the poly-
carbonate block in the copolymer, residence time in

35 the preparative reactions, is dramatically reduced.



carbonate bl ock in the copol yner, residence time in 35 the preparative
réactions, is dramatically reduced. 3 W have found that we can prepare
" 80% eugenol - capped pol ydi net hyl si | oxane/ 20% pol ycarbonate rati o bl ock
copol ymer concentrates consistently with the use of a phase transfer
catalyst to catalyze their 5 copolynerization. This catal yst gives

consi stent wei ght average nol ecul ar wei ght control, where previously used
catal ysts such as triethylam ne did not produce consistent or predictable
nol ecul ar wei ghts, regardless of the endcap | evels used. 10 Indeed, sone
pol ymeri zations using triethylam ne catal yst never stopped buil ding

nmol ecul ar wei ght. Th&lephase tficansf dhatatwel yaed prepaireors ol smgEMs- a

dramati c reducti i < 0 t .t i o poration
levels © | The Sabred RERMRAICRREA Y Adlyclibrded BB O
i nproved advant #3esks a@pidlymers sandendima tiesg cotisdstenil yussi i Yyepar i ng

pol ycarbonat e bhgades SUMKARY @5 aHdzd:NGNEIGN LTS iy Ry | ses a

process for 20 preparing polycarbonate-pol ysil oxane bl ock copol ymers, which

conpri ses; A5 YHeTd z2 Harer o J&ido Fatadyst GEVasINSISRA™y at | east
two |iquid phaseweightd avérdye aitlidciAsr deight control( whered di hydric

phenol i (110 DeRINY Wed’ Aearyeds) ihelas (iotnyh il 448" SC1 Pl e
not produce consistent or predictable molecular
weights, regardless of the endcap levels used.

10 Indeed, some polymerizations using triethylamine
catalyst never stopped building molecular weight;
The phase transfer catalyzed reactiori also shows a
dramatic reduction_in phosgene usage (< 25%) at the
high Si incorporation levels. The eugenol capped

15 polydimethylsiloxane block copolymers show improved
advantageous utility as a blend ingredient for use
in preparing polycarbonate blends.

SUMMARY OF THE INVENTION

The invention comprises a process for

20 preparing polycarbonate-polysiloxane block
copolymers, which comprises:;

A, providing a heterogeneous reaction
mixture having at least two liquid phases, and
which comprises:

25 ' (1) a dihydric phenol:;

(ii) a polysiloxane diol;

(iii) water;

(iv) a water-immiscible, inert organic
solvent for the block copolymer;

30 (v) a catalytic proportion of a phase

' transfer polymerization catalyst
which functions between the two
phases; and

‘B. introducing into the heterogeneous
35 reaction mixture a carbonate precursor for co-



solvent for the bl ock copol yner; 30 (v) a catalytic
proportion of a phase transfer polynerization catalyst which functions
bet ween the two phases; and B. - introducing into the heterogeneous 35

reaction m xture a carbonate precursor for co-
di hydri c phenol
OF THE PREFERRED EMBODI MENTS OF THE | NVENTION 5

4 polynerizing the

(i) with the polysiloxane diol (ii). DETAILED DESCRI PTI ON

process of the invention are polysiloxane-polycarbonate block copol yners

consi sting essentially of:
of the formul a:

sel ected from hydrog 953 é?gﬁﬁ t r r byl ,
pref erably methyl; ﬁﬁ’lfg 5 ?b sﬁoxﬂﬁ} oCcKs 0 i ﬁieﬁg?%gtﬁgg [err]

[err] (1) where [err] and [err] are each independently

The products of the

(1) polycarbonate bl ocks having recurring units

(11) where [err] andH lkﬂ*ﬂﬁ%ﬂ#ﬂ@hd@bbhdently hydrogen 30 hydrocar by
or hal ogen- subst i t ut ed pREAPESSDBESERTPESORDDY FREr bREFERREDY! and [err]

nmet hyl or phenyl) and about 10 to about 120,
pref erabl y about 40- q.fan Y carb hydr ocar byI oxy or
hal ogen, 35 Cprefer a& er‘EqﬂB&ﬁs C é"’é"‘%/?r%sv%f ¥ﬁ‘ ifventio

10

15

20

25

30

35

are polys1loxane-polycarbonate block copolymers
consisting essentially of:” (1) polycarbonate blocks
having recurring units of the formula:

4 @ Qo-c__

where R® and R* are each independently selected
from hydrogen, hydrocarbyl or halogen-substituted
hydrocarbyl, preferably methyl: and

(2) polysiloxane blocks of the structure:
— - - -
PlYl Y ]
-L—-o@-cnz CH,CH,Si~~0-5i o-sicnzcnzcnz®o-c-+—
Ll L L
Y R R D R Y
- (II)

where R! and R? are each independently hydrogen,

- hydrocarbyl or halogen-substituted hydrocarbyl

(preferably Rl is methyl and R% is methyl or
phenyl) and where D is an integer of from about 10
to about 120, preferably about 40-60; and Y is
hydrogen, hydrocarbyl, hydrocarbyloxy or halogen,
(preferably methoxy); and where the weight
percentage of blocks of structure (I) is from about
10 to about 96% of the copolymers and the weight
percentage of polysiloxane from the blocks of
structure (II) is from about 4 to 90%. Preferably,

S



per cent age of blocks of structure (1) is fromabout 10 to about 96% of the
caopol yners and the wei ght percentage of polysiloxane fromthe bl ocks of
structure (Il1) is fromabout 4 to 90% Preferably, 5 the weight ratio of
bl ocks of structure (1) to blocks of structure (Il1) is withjn the range of
about 15 to 25% 75 to 85% by wei ght. The term "hydrocarbyl" as used herein
means 5 the nonoval ent noi ety obtai ned upon renoval of a hydrogen atom from
a parent hydrocarbon. Representative of hydrocarbyl are alkyl of 1 to 25
carbon atons, inclusive such as nethyl, ea§hyl, propyl, butyl, pentyl,

hexyl, heptyl, octyl, nonyl, 10 undecyl, decyl, dodecyl, octadecyl,

nonodecyl eicosthe WeightouitiocdeFodilockls’ icFostrudttireaqayylto pent acosyl
and the isoneri

forns thereof: aryl, .qQf 6 to.25.carbon_atons, Jnclusive,
such as phenyl ,8118F§Is, °{ymcﬁ§ﬁ%ﬁll?t)bil&1§’ﬁﬁmt CapteiRA %dnd 15 the
| i ke; aral kyl ofbduto 135 tea25@n 78t dos 8Sigtndyusieightsuch as benzyl ,

phenet hyl , phenpropylrhepq:%%ut.%@r%il&%?[gggy.l asnz,%gﬁaoge\geiq{]qné% i ke;

cycloal kyl of 3 to 8 carbon atorns i ve, as cycl opropyl,

cycl obutyl, &yckbgemopovalenty Zodiedyy cbtaineshawop rempMado@s/a and t he

like. The term hgahrogeir Sty ifrdntd PadedtahPdrocaxpérd herein neans the
r

hydr ocar byl noi ety as previ,ousl ef i ned ein o r re hydrogen atons
have - been repl aggé’aﬁ#tﬁﬁiﬂﬁer&( %\ﬁqw a&'teorﬁqﬁ%', i‘%nfd!?ilné:,‘yquhori ne).

Preferred bl ock carbany vomsyr dnplasdved such [as methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
10 undecyl, decyl, dodecyl, octadecyl, nonodecyl
eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl,
pentacosyl and the isomeric forms thereof; aryl of ,
6 to 25 carbon atoms, inclusive, such as phenyl,
telyl, xylyl, napthyl, biphenyl, tetraphenyl and
15 the like; aralkyl of 7 to 25 carbon atoms,
inclusive, such as benzyl, phenethyl, phenpropyl,
phenbutyl, phenhexyl, napthoctyl and the like;
cycloalkyl of 3 to 8 carbon atoms, inclusive, such
as cyclopropyl, cyclobutyl, cyclopentyl,
20 cyclohexyl, cycloheptyl, cyclooctyl and the like.
" The term "halogen-substituted hydrocarbyl" as
used herein means the hydrocarbyl moiety as
previéusly defined wherein one or more hydrogen
atoms have been replaéed with halogen (chlorine,
25 bromine, iodine, fluorine).
Preferred block copolymers are prepared by the
reaction of a carbonate forming precursor, such as
phosgene, with a mixture of a bisphenol of the

formula: -~
30 T3
1 |
35 ' (III)

where R3 and R4 are as defined above; and



’ﬁ‘. . X . .
reaction of a carbonate form ng precursor, such as phosgene, with a m xture

ofF a bi sphenol of the fornula:- 30 R3 [err] 35
(I'11) where R3 and R4 are as defined above; and 6 a ponS|onane di ol of
the structure depicted by the forrmula: [err] 10

(I'V) where [err] Y and D are as defined above. A particularly preferred

species of Fornmula (IV) is that in which [err] and [err] are nethyl, Y is
met hoxy ortho to the phenolic hydroxyl, and Dis an integer 15 of about
45-55. The bi sphenol conpounds of the fornula (111) are represented by

2, 2- bi s- (4- hydroxyphenyl ) propane (or bisphenol -A); 2,4" -dihydroxydi phenyl
nethane 20 a PQlESl%QxhperdxybheﬁythenstnunburslQEPACﬁFérbephenyl)
met hane; bis- (4ghydeg¥yadali trophenyl) nethane;

bi s- (4- hydr oxy- 2, 6-di net hyl - 3- et hoxyphenyl ) - met hane; 25

1, 1- bi s-(4- hydroxyphenyl) et hane; 1 3 2{Dbi s- ¢4 hydr gxphenyl ) et hane;
1,1-bis-(4-h droxy 2-chl or ophenyl) et aneR R

| -
I3 i s Eg ﬁ'et h'yTFE’hégp&éé@P;%é §t éan(—O-S%CHZCHZCH?_«@-OH

D . R? Y

10 (IV)
where Rl, Rz, Y and D are as defined above. A
particularly preferred species of Formula (IV) is
that in which Rl and R? are'methyl, Y is methoxy
ortho to the phenolic hydroxyl, and D is an integer

15 of about 45-55.

The bisphenol compounds of the formula (III)
are represented by 2,2-bis~(4~hydroxyphenyl)propane
" (or bisphenol-d):;
2,4'-dihydroxydiphenyl methane;

20 bis-(2-hydroxyphenyl) methane;
bis~-(4-hydroxyphenyl) ﬁethane;
bis-(4-hydroxy-5~nitrophenyl) methane;
bis-(4-hydroxy=-2, 6-dimethyl~-3-methoxyphenyl) -
methane; '

25 1, 1-bis-(4-hydroxyphenyl) ethane; -
1,2-bis-(4-hydroxphenyl)ethane;
1,1—bis-(4—hydroxy-2—ch;orophenyl) ethane;
1,1-bis-(2,5-dimethyl-4-hydroxyphenyl) ethane;
1,3-bis-(3-methyl-4-hydroxyphenyl) propane;

30 2,2~bis-(3-phenyl~-4-hydroxyphenyl) propane;
2,2~bis-(3-isopropyl-4-hydroxyphenyl) propane;
2,2~-bis-(4~-hydroxyphenyl) propane:;
2,2-bis~-(4-hydroxyphenyl) pentane;
3,3-bis~(4-hydroxyphenyl) pentane;

35 2,2-bis-(4-hydroxyphenyl) heptane:;
bis- (4-hydroxyphenyl) phenylmethane;
bis-(4-hydroxyphenyl) cyclohexymethane:;



30 ' 2, 2- bi s- ( 3- phenyl - 4- hydr oxyphenyl ) propane;
Z2,72-'bi s- (3-i sopropyl - 4- hydr oxyphenyl ) propane; 2, 2-bis-(4- hydroxyphenyl)
propane; 2, 2-bis-(4-hydroxyphenyl) pentane; 3, 3- bi s- (4- hydr oxyphenyl)

pent ane; 35 2, 2- bi s- (4- hydr oxyphenyl ) heptane; bis-(4-hydroxyphenyl)
phenyl nmet hane; bi s-(4-hydroxyphenyl) cycl ohexynet hane; 7

1, 2-bi s- (4- hydroxyphenyl ) -1, 2-bi s-(phenyl) propane;

2, 2- bi s- (4- hydr oxyphenyl ) - 1- phenyl propane; and the like. 5 The

pol ysi |l oxane diols (IV) depicted above asyprecursors of the siloxane bl ock
may be characterized as bi sphenol sil oxanes. The preparati on of these

bi sphenol si | oxanes i 3 ,260d%H (4sMd doxyprermddi-tl ,@rifs o pienyl)
polydlorgan05|I% ?@E“l\o to a phenol (VI) containing an al kenyl

substi t uent 51 'to the schematic formula: [err] 20 wherein [err] Y
and D are as defined hﬁms-%wmwmematwmlm;pﬁmemd)f
preparlng t he p§%¥§ j9¢ane diols of fornula IV are described by Vaughn, U.
S. Pat. 3,419,6 Ek 25 1968), which is incorporated by reference. For

i nstance, thé pr oces?ﬁ% rodyfdiligxane dick&nie Sepiqhed aRRNfhRDat ent

whi ch descri bes pieRuiddird Y ahed MIEQGRN B1RSdR e bdol ydi net hyl si | oxane
to an characterized as bisphenolsiloxanes. The
preparation 6f these bisphenolsiloxanes is
accomplished by the addition of a
10 polydiorganosiloxane (V) to a phenol (VI)
containing an alkenyl substituent, accofding to the
schematic formula:

R R cat.
15 | |
2 HO CH, CH=CH, +aTi o- ?i _J H > (IV)
Y R? RZ D
VI _ v

20

wherein Rl, Rz, Y and D are as defined above.

The essential features of the process of
preparing the polysiloxane diols of formula IV are
described by Vaughn, U. S. Pat. 3,419,635 (Dec.

25 1968), which is incorporated by reference. For
instance, the process is exemplified in example 8
of this Vaughn patent which describes the addition
of a hydrogen-terminated polydimethylsiloxane to an
allylphenol in the presence of a catalytic amount

30 of chloroplatinic acid-alcohol complex at 90-115°C.

Particularly preferred polysiloxane blocks
are readily prepared by addition of a hydrogen-
terminated polysiloxane to two molar equivalents of
eugenol (4-allyl-2-methoxyphenol) in a reaction

35 advantageously catalyzed by platinum or its
compounds .



al Iyl phenol in the presence of a catalytic anmount 30 of chloroplatinic

dci d- al cohol conplex at 90-115 C. Particularly preferred polysil oxane

bl ocks are readily prepared by addition of a hydrogen- term nated

pol ysi |l oxane to two nol ar equival ents of eugenol (4-allyl-2-nmethoxyphenol)
in a reaction 35 advantageously catal yzed by platinumor its conmpounds.

8 The hydrogen-term nated pol ysil oxanes of formula (V) are well -known
conpositions, being described along with nethods for their preparation, in
Vaughn U.S. Patents 3,419,634 and 3,419, 835, 5 -both incorporated herein by
‘reference thereto. The allyl phenols of formula (VI) are also well known
conpounds, descri bedTh¢ cnpgdrogénreeiwilsated pbkysibpoepnest ofn, by Tarbel |,

Chemi cal REV|em§° u %156 Sé}g49; +1 ow? c?éaggi%ﬁox%arkgl &eferred

conpound of Formu eugeno bhenop since it is
readily ava|Iab@%sgglbﬁéyﬁ%ﬂéglvlﬁh Estbpﬁatﬁ¢altb#bHuEFeHﬁ§a§P96nds a

bi sphenol pol ySIiﬂxwegﬁﬁVr): of bavenes! g, &f@cawaﬁd i5419 635]he conversion
of the blsphenolgolysl oxane henol L to the bl ock

copol yner bROtR N REPERCFY g%oﬂﬁr?hPePYaE gFrﬁBF n§ TeEQ¢i on processes
for maki ng polycarbomnéeallgnpheﬁaléhefntbhﬂdmaseVIﬁoatb alsb. Sellat ent

105, 29, 4,919, TR e Andinds® RiphER6RaCHLIBAN PR pRRRBhE RoSCUT SO
thelr preparation, by Tarbell, Chemical Reviews 27,
495£f (1940).

10 A particularly preferred compound of Formula
(VI) is eugenhol, 4-allyl-2-methoxyphenol, since it
is readily available as a synthetic or as a natural
product and affords a bisphenolpolysiloxane (IV) of
favorable reactivity.

15 The conversion of the bisphenolpolysiloxane
(V) and the bisphenol (III) to the block copolymer
may be conducted by known interfacial polymer-
ization processes for making polycarbonates, such
as the methods set forth in U.S. Patent Nos.

20 4,018,750 and 4,123,436 by reaction with a
carbonate precursor. . Both patents are incorporated
herein by reference thereto.

The carbonate precursor employed in the
preparation of the block copolymers may be a

25 carbonyl halide, a diarylcarbonate, or a
bishaloformate. The carbonyl halides include
carbonyl bromide, carbonyl chloride, and mixtures
thereof. The bishaloformates include the
bishaloformates of dihydric phenols such as

30 bischloroformates of dihydric phenols such as
bischloroformates of 2,2-bis(4-hydroxyphenyl)-
propane, hydroguinone and the like.

The preferred carbonate precursors are the
carbonyl halides, with carbonyl chloride, also

35 known as phosgene, being the preferred carbonyl



The carbonate precursor enployed in the preparation of -the bl ock copol yners
may be a 25 carbonyl halide, a diarylcarbonate, or a bishalofornmate. The
carbonyl halides include carbonyl brom de, carbonyl chloride, and m xtures
t hereof. The bishal of ormates include the bishal oformates of di hydric
phenol s such as 30 bischl orof ormates of di hydric phenols such as

bi schl or of or mat.-es of 2, 2- bi s(4- hydroxyphenyl)- propane, hydroqui none and
the like. The preferred carbonate precursors are the carbonyl halides, with
carbonyl chloride, also 35 known as phosggne, being the preferred carbonyl
9 halide. Although the preparative processes may vary, the preferred
processes typi cakh¥denvol ve dissolving or dispersing the reactants in a 5

suitable water inmscible nmedi um gnd contacting the reactants with
a carbonat e precurso%}g%ﬁ %e¥§Fe§E GPRTEE 1Y e, PTOCESSHT MRY VAT ryst

preferably a tethbapraﬂenm@dcgnnmmadseﬂ:tmyicaaquusnmﬂxeaustrc sol ution
under controlleﬁlgggagln %¥1ﬂ r51 a.n thg@qgg ngal "hydr oxi de

base can be uti i se an the m Xture. The base
i s added in Suf snamemlqomn |m:¢5@1:bd4entsmlrvemtpne@\‘mmq@mhueous part of

the reaction m toufeRotisny tHdeaitantd VithiRRaitboliael) L0 about 12

preferably 11 to about 1 of the agueous phase of the reactlon

pH
m xture may al s&xﬁé’“(?&r?trrfol-‘r’b&h@ RYeseRcE] aamatqq)ﬁlans er

catalyst, preferably a tertiary amine co-catalyst
and an agueous caustic solution under controlled pH

10 conditions. Sufficient alkali metal hydroxide
base can be utilized to raise and maintain the pH
of the mixture. The base is added in sufficient
proportion to maintain a pH of the agueous part of
the reaction mixture within the range of from about

15 10 to about 12, preferably 11 to about 12. The pH
of the agqueous phase of the reaction mixture may
also be controlled by the gradual addition of
caustic such as sodium hydroxide, using an
automatic pH controller.

20 A molecular weight regulator, that is a *chain
stopper", may be added to the reactants prior to or
during the contacting of them with a carbonate
precuisor. Useful molecular weight regulators
include, but are not limited to, monohydfic phenols

25 such as phenol, chroman-I, paratertiarybutylphenol
and the like. Techniques for the control of
molecular weight are well known in the art and may
be used in the present process for contreolling the
weight average molecular weight of the block

30 copolymer product resins.

The most commonly used water immiscible
solvents include methylene chloride, 1,2~
dichloroethane, chlorobenzene, toluene and the
like.

35 The preferred process comprises a phosgenation



caustic such as sodi um hydroxi de, using an automatic pH controller. 20
Anol ecul ar wei ght regulator, that is a "chain stopper”, may be added to
the reactants prior to or during the contacting of themw th a carbonate
precursor. Useful nolecular weight regulators include, but are not limted
to, nonohydric phenols 25 such as phenol, chroman-I,

paratertiarybutyl phenol and the |ike. Techniques for the control of

nol ecul ar weight are well known in the art and may be used in the present -
process for controlling the weight averagg nol ecul ar wei ght of the bl ock 30
copol ymer product resins. The nost commonly used water inmmscible solvents
i ncl ude met hyl eneadtivr.de, The Zenpetd taneetdtaniahltiobenzene, tol uene and

the like. 35 The nreferred process conprises .a phosgenati.on 10

reaction. The t FRSASRFRION KSRGS PERRRGAR B0 VAL TN B i eds mmy

vary from bel owdat.r)] td @xboyaGEre)] . Thee reactiom preferatsly proceeds at

Lemper ol ur s O FARBIR0RY ABBA I Ge [ drdp L5k | ceplgrgcie reation
of pho I tTon nmay

i s exothermc, e fate gene a e used to control the

reaction temfer AR €. T HDHEH @Finde thrIRartienuis exokherniteral | y

depend upon the fHoWitofof Ehekduml i LaPheivn wdyfl Kb dhsdd egent . 10

Ceneral | y speaki ng, qﬂg | e of phosgene wll| react with one nn#e of the

di hydri ¢ phenol SHIETHe ThE <ea<) BRexaL RSy EAE RBPIRSRF and t wo
the phosgene required will generally depend upon

the amount of the dihydric phenol and diol present.

10 Generally speaking, one mole of phosgene will react
with one mole of the dihydric phenol and the
polysiloxane diol to provide the polymer and two
moles of HCL. The foregoing amounts of phosgene
are herein referred to as stoichiometric or

15 theoretical amounts. The two moles of HCZ are in
turn "neutralized" by an acid acceptor. Suitable
acid acceptors are either a hydroxide, a carbonate,
a bicarbonate, or a phosphate or an alkaline earth
metal hydroxide. )

20 The phosgenation reaction may be carried out
at sub—-atmospheric or super-atmospheric pressures
if desired. However, there is generally no great
advaniage to carrying out the process of the
invention under other than ambient reaction vessel

25 pressures occurring at the temperature under which
the reaction is conducted.

The phosgenation reactions occurring during
the process of the invention are generally
completed within a period of from about ten minutes

30 to several hours.

The reaction mixture should be agitated to
enhance contact between phases and thereby promote
the rate of reaction.

Prior to product resin recovery which can be

35 achieved by standard techniques, such as



mol es of [err]..The foregoing anounts of phosgene are herein referred to as
stoichionetric or 15 theoretical amounts. The two noles of HO are in turn

"neutralized" by an acid acceptor. Sui tabl e acid acceptors are either a
hydr oxi de, a carbonate, a bicarbonate, or a phosphate or an al kaline earth
met al hydroxi de. 20 The phosgenation reaction may be carried out at

sub- at nospheric or super-atnospheric pressures if desired. However, there
is generally no great advantage to carrying out the process of the

i nventi on under other than anmbi ent reactp@n vessel 25 pressures occurring
at the tenperature under which the reaction is conducted. The phosgenati on
reacti ons occur fidgrdtiong ﬂbeapmatdss ahdt kentmifugadricar,e general |y

compl et ed wi thi gy 3oebotiatle LHATLIRANL hd Hodhasy3QukdeagiarAh iours.

The reaction m “bé& agi ance ontact etweernt phases
and thereby prosdiminagedat e Whlenr @aphiase. thansfero catedyat rissiusadecovery

whi ch can be 35.3¢hbared Gb-%h%%ﬁ?r% { ¢NgdRtioct Sl x@re dad Weati on,

decantation and centrifugation 'orof ormate end groups .are nornal |y

substantial | § ePB#Fﬁ&F@d OF\&n 19Ngh R ioda 0fr &imesntide the ysed without a
co-catalyst, th W@M@t@fwﬁa&@éca&gwuﬁg‘eﬁ ke | ong period of

L Ut e egigln of U IRLeS I Bgetect et
based on equlvalent level of a phenollc compound, based on
the level of chloroformate, can be added at the:end
10 of the reaction. -

The addition of a greater than stoichiometric
amount of phosgene to the reaction mixture leads to
formation of chloroformate end groups. These end
groups must normally be substantially removed

15 before the polymer is isoclated, as mentioned above.
The chloroformates can be eliminated by any of the
above mentioned methods, the preferred method is by
the presence of a tertiary amine co-catalyst in the

_ reaction mixture. The tertiary amine co-catalyst

20 hydrolyses the chloroformates, while the newly
formed phenolic end groups react with the residual
chloroformates to give a fully built polymer.

The tertiary amine co-catalysts used
preferably in the process of the invention may be

25 represented by those having the formula:

(Rx14) 5N L0
where each of the R4 are independently selected
from the group of C, to C,, alkyl radicals.
Preferred tertiary amine catalysts (XX) include,

30 but are not limited to, triethylamine, ethyl-
morpholine and the like.

In accordance with the present invention, the
co-catalyst is employed is an effective amount for
phase catalysis of the chloroformate end groups.

35 The amount of tertiary amine co-catalyst used



the I evel of chloroformate, -can be added at the end 10 of the reaction. The
addition of a greater than stoichionetric anount of phosgene to the
reaction mxture leads to formati on of chlorofornate end groups. These end
groups nmust normally ‘be substantially renoved 15 before the polyner is

| sol ated, as nentioned above. The chl oroformates can be elim nated by any
of the above nentioned nethods, the preferred nethod is by the presence of
a tertiary amne co-catalyst in the reaction mxture. The tertiary am ne
co-catal yst 20 hydrol yses the chl orof ormates, while the newy forned
phenolic end groups react with the residual chlorofornmates to give a fully
built pol yner. Thwvgeer firamy aboute 06 01c&balby$0s meded tpbabedalony the t he
process of the | t hen 2ar t t i ng the fornul a:
[err] hBX?E b9(§§%¥%%§f§ éa?ﬁggéﬁ?hgﬁR?éeaggggﬁ g%endently

sel ected from t BeddRBup of Rere] Prefpsrep IrRgE A&di0c&1s toPRe8 r ed

tertiary am ne falal ¥5t &n@X%hel Bostdpreddriel dafqBOlis! ioTi2iceddt O,
triethyl am ne, etgxl- gorghollne and the like. In accordance with the
present inveRti 8n/PtM@LEo3catalyst is enployed is an effective anount for

phase catal ysis of tle theopresentt dneesitdonuasbidary catallystanount of .
L e PR bhay IR, o, BRSBATSERAAR B 0Ly 600, T
preferred rangetagt@a@y organde amine, the chloroformates react

after a few minutes leading to a kinetically

10 improved process. The reaction mixture containing
chloroformates is agitated until the presence of
chloroformates can not be detected. A detection
procedure based on Agree et al can be used
employing 4-(4-nitrobenzyl)pyridine (NBP) as shown

15 in Talanta, 1966,13,1151-1160. Spot testing using
commercially available phosgene detection paper,
such as Chemcasette SP from MDA Scientific of
Lincolnshire, Illinois, with a portion of the
reaction mixture also can be employed.

20 Phase transfer catalysts, including quaternary
ammonium salts, function to transfer the water-
soluble reactant across the interface into the
organic phase where a homogeneous reaction can take
place rapidly. Thus, in the reaction involving a

25 water soluble nucleophile, the addition of the
phase transfer catalyst causes the transfer of the
nucleophile as an ion pair into the organic phase
where it reacts with the organic reagent
(phosgene) . Migration of the cationic catalyst

30 back to the agqueous phase completes the cycle.

Phase transfer catalysts are generally
well-known in the art as is their preparation and
include quaternary salts and guaternary resins
where the central atom is nitrogen, phosphorus,

35 arsenic, bismuth, antimony and the like; amine



nole % and the nost preferred range is 0.20 to 5 0.70 nole %
present invention a binary catal yst system conprising a phase transfer
tertiary organic amne, the chloroformates react after

m nutes leading to a kinetically 10 inproved process.
containing chloroformates is agitated until
can not be detected. A detection procedure based on Agree et al

catal yst ‘and a

enpl oyi ng 4- (4-

1966, 13, 1151-1160. Spot testing using copsercially avail abl e phosgene
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g %he aqueous phase conpl etes the cycle. Phase transfer
HSFS Py wel | -known in the art as is their preparation and
ary sRepresentativer ofr phase tyansfier tatadystsal atomis

nitrogen, phoSPRALUR mdy BeS@led iR MY Broddd™W il iReddity am ne

are those of the formula:-
_1"6
® )
RS_T—R,] x

- Rg

(VII)
wherein X is selected from the group consisting of
an organic and inorganic anion such as nitrate,
benzoate, phenylacetate, hydroxybenzoate,
phenoxide, hydroxide, cyanide, nitrite:;
particularly preferred are chloride, bromide,
acetate, formate, propionate, hydrogen sulfate,
methyl sulfate, ethyl sulfate and the like; M
represents nitrogen, arsenic, phosphorus, antimony
or bismuth; Rg, Rg, R; and Rg are each selected
from one of those groups wherein
A. Rg, Rg, R; and Rg are each independently
selected from hydrocarbyl and substituted
hydrocarbyl, the sum of carbon atoms in Rg, Rg:, Rq
and Rg is between 8 and 100, inclusive, and when
any one or more of Rg, Rg, and R, have only 1
carbon atom, then the sum of carbon atoms in R,
Rg, R, and Rg is between 9 and 100 carbon atoms,
inclusive;
B.
1. Rg and Rg are taken together to represent a



13 salts, ammonium salts, crown ethers, polyethers, cryptands, phosphonium.
salts, arsoniumsalts, antinoniumsalts, bisnuthoniumsalts, alpha-
phosphoryl sul f oxi des, sul fones, sulfides and the 5 |ike; see for exanple
the U S. Patent 3,992,432 (Stark et al.) incorporated herein by reference
thereto. Representative of phase transfer catal ysts whirch may be used in
the process of the invention 10 are those of the formula:- [err] (VII)
wherein X is selected fromthe group consigting of an organic and inorganic
anion such as nitrate, benzoate, phenylacetate, hydroxybenzoate, 20
phenoxi de, hydr adivid erty anoilety nattadikwed pbotthel atbp M;ehadrds are

sul fate. ethyl EHySred from AT, Grofh "BbRRELE nd) e IRSRY LRSS, T !
phosphorus, ant |mwmmatb$hﬁwbs{:etn$edndl{cenr}eaeehea!c-mgs§I éc@ted from
one of those gr%i’ Ag;&g&?' @nsteiﬁélﬁéﬁvéergk £he £3nb thdsRydIeH

selected fromh bstituted h rocarb¥ t he sum of aérbon
atons in [erry :?PQnﬁh[Q#?]GQGhUEGMEEHBQ independentdy $XP® and when any

one or nore of ddocdtby FriﬁdhiﬁBsQﬂﬁﬁt&dCﬁfaﬁacakﬁ ek rde 1sum of
carbon atons in en%eﬁerr and errLyls bet ween nd 1%%P%Sr )on atons
i nclusive; 35 B. R md| gﬁ'tBEBVHGP t
Rg and Rg together are not alkenylene substltuted
with a hydrocarbyl of at least 8 carbon atoms, then
10 one of R, and Rg is hydrocarbyl or substituted
hydrocarbyl of at least 8 carbon atoms;
2. Rg and Rg are taken together with the atom of
M to which they are attached to represent a
divalent or trivalent moiety selected from the
15 groups consisting of those having the formulae:-

® e

-t Ry I P ‘ ~T Re I @
" | - !
N,
20 '-i-' J Ri2 %
Q S o}——‘
T _At.y‘lo%;; and ®1oT

(VIII) (IX)

25 wherein A represents nitrogen, oxygen, sulfur,
phosphorus and the like:‘and Rg and R, are each
selected from alkenylene and hydrocarbyl-
substituted alkenylene of 1 to 25 carbon atoms,
inclusive, m, n and g are each integers of 0 to 1

30 and the sum of m + n is 1 or 2, provided that Ry
and Ry, together are such that they contain a total
of at least 3 carbon atoms; Rg and Rg are each
selected independently from hydrocarbyl and
substituted hydrocarbyl wherein Rg is of from 1-25

35 carbon atoms, inclusive, and Ry is of from 0-25



14 divalent noiety attached to the atomM and is selected fromthe group
consi sting of al kenyl ene and hydrocar byl -substituted al kenyl ene having 5 to
10 carbon atons, inclusive, in the ring thereof, R7 5 and R8 are each

sel ected i ndependently from hydrocarbyl and substituted hydrocarbyl of from
1 to 25 carbon atons, inclusive, provided that when R5 and R6 together are
not al kenyl ene substituted with a hydrocarbyl of at |east 8 carbon atons,
then 10 one of [err] and [err] is hydrocarbyl or substituted hydrocarbyl of
at | east 8 carbon atons; 2. [err] and ferr] are taken together with the
atomof Mto which they are attached to represent a dival ent or trival ent
noi ety sel ect edchrbent hsons ,gingiusivesi priovided thade wiven Ry

formul ae: - [err V

represents nltrg é Ebgkther are Pht e 8? %gpﬁg%hﬁ?ﬁ%? %@Bﬁ an?'[err] and
[err] are each §¥§€99é€ ﬁoﬁiaﬁﬁeﬁfﬁ§ﬁe3aﬁa Ro it ed

al kenyl ene of 1gk@edte@attiem %h@”%roh@ﬁb&shlﬁalﬁlsﬁbﬁﬁiﬂ%téﬁﬁ each integers

of 0 to 1 30_ an e s of [ 2,. pr.ovi ded t [.err], and [err]
t oget her are? suéﬂkyﬂat aﬁ#@@ cl ﬁ"‘;’s}'dftﬂtegr a&&qr’éés % rlﬁtﬁ"r#tat ons;
[err] and [err] 8acarbanhatemsct ed | ndependently from hydrocarbyl and

substituted hydrocar tﬁ‘x \34; el"Wf’éaiji'lQ; fsr?fgejd %%I%S‘L carbon atons,

I
inclusive, and [err] TS
regarding the formulae VII, VIII and IX has the

‘meaning previously ascribed to it and also includes

10 alkenyl of 2 to 25 carbon atoms, inclusive, such as
vinyl, allyl, butenyl, pentenyl, hexenyl, 6ctenyl,
nonenyl, decenyl, undececyl, dodecenyl, tridecenyl,
pentadecenyl, octadecenyl, pentacosynyl and
isomeric forms thereof.

15 The term "alkenylene" as used in the paragraph
immediately abo?e means the divalent moiety
obtained on removal of two hydrogen atoms, each

- from a non-édjacenﬁ carbon atom of a parent
hydrocarbon and includes alkenylene of 3 to 10

20 carbon atoms, inclusive, such as 1,3-propenylene,
l,4-butenylene, 1,5-pentenylene, 1l,8-octenylene,
1,10-decenylene and the like.

The terms "substituted hydrocarbyl",
"substituted alkyl", "substituted alkenyl",

25 T'"substituted alkenylene” and "substituted
aralkyl" as used immediately above mean the
hydrocarbyl moiety as defined above wherein one or
more hydrogen atoms have been replaced with an
inert group, i.e.; a chemical group which does not

30 adversely affect the desired catalytic function of
the catalyst of formula (VII). Representative of
such groups are amino-, phosphino-, hydrocarbyl,
quaternary nitrogen (ammonium), quaternary
phosphorus (phosphonium), hydroxyl-, amide, alkoxy,

35 mercapto-, nitro-, alkyl, halo-, sulfone,



15 carbon atons, inclusive, provided that when [err] and [err] together are
not al kenyl ene substituted with a hydrocarbyl of at |east 8 carbon atons,
then [err] is selected fromthe group of alkyl, substituted 5 al kyl,

al kenyl and substituted al kenyl of -at |east 8 carbon atonms. The term
"hydrocarbyl"” as used herein regarding the fornulae VI, VIII and I X has
the nmeani ng previously ascribed to it and also includes 10 alkenyl of 2 to
25 carbon atons, inclusive, such as vinyl, allyl, butenyl, pentenyl,
hexenyl, octenyl, nonenyl, decenyl, undetécyl, dodecenyl, tridecenyl,

pent adecenyl, octadecenyl, pentacosynyl and isoneric forns thereof. 15

The term "al kenphdfiexide,upbesphatke phraphipe,i RREBCXYIRFECaIEFPEPFeans t he
di val.ent noi et yaplt ghBedige.renoval of two hydrogen atons, each froma
non- adj acent carbon atom of a parent hydrocarbaon an inclﬁge%i%gggnylene of

3 to 10 20 carbon at GRSALYEE GOppeundscRfadhe SopmydanVe
1, 4- but enyl ene, abpVeparecgenerally, Fedtt-RApWwanas ark0mitheids @fe and t he

| i ke. The tegnsﬁéﬁggf%k%gg%g§3§grocarbyI", "substituted al kyl ",

"substitutedTal 2rituted al kenyl ene” and "substituted
aral kyl " as used i miepxeseptative wfasuche cayalysdr ippmpeingtsy axe def i ned

above wherein 0@?18&t§?5%t%§§5%ﬁ%ﬂ% 0@&1%&&%§be%§faﬂﬁ¥%ﬂﬂi jtth an inert
group, i.e.; a chemc grodp I C oes not 30 adversély affect the
desired cat al yt PEmPRANE; Shloridee Eetzphexydammoniiimg chioriderepresent ati ve
of such groups geerabut9ylamRldPIRR eHi1orlHe!,ottiBabutylphosphonium
| 10 chloride, dioctyldimethylammonium chloride,
dicocodimethylammonium chloride, didodecyldimethyl-
ammonium chloride ditetradecyldimethylammonium
chloride, dioctadecyldimethylammonium chloride,
dihydrogenated-tallow dimethylammonium chloride,

15 distearyldimethylammonium chloride, dihydrogenated
tallow dimethylammonium methyi sulfate, didecyl-
dimethylammonium chloride, diheptyldimethyl
ammonium chloride dodecyldimethylbenzylammonium
chloride, tetradecyldimethylbenzylammonium

20 chloride, hexadecyldimethylbenzylammonium chloride,
dimethylethylcetylammonium chloride, cetyltri-
methylammonium chloride, tributylmethylammonium
chloride, cocoimidazoline-benzyl chloride,
N,N-cetylethylmorpholinium ethosulate,

25 methyl (1)cocoamidoethyl (2) cocoimid-azolinium methyl
sulfate, N-tallow-pentamethyl-propanediammonium
dichloride, triphenylpropyl-phosphonium bromide,
tetraethylammonium chloride, N,N-soya
ethylmorpholinium ethosulfate, hexa-decylpyridinium

30 chloride, triethylbenzylammonium chloride, benzyl
hydroxyethyl (2) cocoimidazolinium chloride,
dodecyldiethyl (ethylbenzyl)ammonium chloride,
tetradecyldimethyl (ethylbenzyl)ammonium chloride,
hexadecyldimethyl (ethylbenzyl)ammonium chloride,

35 octadecyldimethyl (ethylbenzyl)ammonium chloride,



quat ernary nitrogen (ammoniun), quaternary phosphorus (phosphonium,

hydr oxyl -, am de, al koxy, 35 nercapto-, nitro-, alkyl, halo-, sulfone,

16 sul foxi de, phosphate, phosphite, carboxylate groups and the |ike.
Cat al yst conpounds of the formula (VII) given above are generally
wel | -known as are nethods of 5 their preparation. Representative of such
cat al yst conpounds are tributyl met hyl anmmoni um chl ori de, trioctyl nethyl -
anmoni um chl ori de, tetrahexyl ammoni um chl oride, tetrabutylamoni um

chlorl de, tetrabutyl phosphonium 10 chl oride, dioctyl dinethyl amoni um

chl ori de, dicocodi net hyl anmoni um chl ori de, di dodecyl di net hyl - ammoni um

chl ori de dit et roctagedyhdihgthyhbenzylaihonive, chloriddecyl di net hyl ammoni um

hloride, dih _ ' o0 i .
di steary! d 'myﬁgﬁ’%ﬁ%ﬁﬁ%ﬁ‘ﬁ%ﬁ*ﬁ%&@%ﬁ%ﬁﬁ%ﬁ%ﬁ T ———
net hyl sul f at e, tetERESFYidinethyldiahhrtiabenz i ameon s eghiPyidet hy|

?W?Dngun1fg!Oriﬂ@xﬂ@d@?ybﬂhéﬁhﬁiﬁb@ﬂZMkéﬂEﬁﬂyyahﬁBhQﬁhdéhloride,
etradecy |

hexadecyl di tE@¥%€ﬁ§§¥£ﬁﬂﬂ%€hﬁf§ﬁ?ﬁf?&%ﬁég?z%?ny?aéﬁv|e@%gréﬁﬁnnium
chloride, cetyltetradetpytzimethylamhbniugdechlorbagy! met hyl anmoni um
cthosul ate. 26 SRLEFErpRERREREkONTUR EhiBriBs 7Y aaerkERRLERT RY,
sul fate, N-talltvipebhyhamhohipmepahddradevncansotrinethydammonium
triphenyl propyl ephgspaani ¥ p6Retdfiethylammonium chloride, methyl
10 bis(2-hydroxyethyl)cocoammonium chloride, methyl (1)
soyaamidoethyl (2)soyaimidazolinium methyl sulfate,
methyl (1) tallow amidoethyl(2)tallow imidazolinium
methyl sulfate, methyl(1l)oleylamidoethyl(2)oleyl-
imidazolinium methyl sulfate and the like.
15 It will be appreciated that under specific
conditions of operating the process of the
invention, certain of the above described catalysts
of the formula (VII) given have advantages over
other catalysts for use under specific process
20 conditions. For optimum yields, trial and error
technigues may be followed. Particularly preferred
in the process of the invention are phase transfer
catalysts which are included within the formulae,

[CH; (CH,) 3] 4NX (X)

25 [CH, (CH,) 5] ,NX (XI)
[CH, (CH,) g1 4NX (XII) and
CH, [CH; (CH,) 3] 3NX (XIII)

where X is as defined above, most preferably
selected from C¢, Br or -OR13, or where R!3 is a

30 member selected from H; alkyl of 1~18 carbon atoms;
aryl of 6-18 carbon atoms.

In addition to the phase transfer catalysts of
formula (I), there are included within formulae
(XI) and (XII1), phase transfer catalysts having the

35 formulae, '



t et raet hyl ammoni um chl ori de, N, N-soya et hyl nor phol i ni um et hosul f at e,
hexa- decyl pyri di nium 30 chl oride, triethyl benzyl ammoni um chl ori de, benzyl
hydr oxyet hyl (2) cocoi m dazol i ni um chl ori de,

dodecyl di et hyl (et hyl benzyl ) ammoni um chl ori de,

t et radecyl di met hyl (et hyl benzyl ) anmoni um chl ori de,

hexadecyl di net hyl (et hyl benzyl ) ammoni um chl ori de, 35

oct adecyl di et hyl (et hyl benzyl ) ammoni um chl ori de, 17

oct adecyl di et hyl benzyl amoni um chl ori del8

dodecyl di det hyl di chl or obenzyl anmoni um chl ori de, '
tetradecyldlnetﬁ?bdpqﬁbdgyﬁénzylannnnlun1ch|or|de (XIV)

hexadecy! di nmet hgtdic |@Hh§ g@gﬂzylannonlun1chlor|de 5 (XV)
octadecyldineth¥ i C enzyl anmoni um chl ori de
b}

tetradecyltrine | ori de; soyatrlnethylannn&%ﬂﬁ%hlorlde
hydr ogenat ed- takbgw D%Nﬁﬂtﬂ%b%ﬁmqm ) sGhl.@x de, cocot r i (@t1x) ammoni um

bi (2. hydr ox It T ‘3“ e Ty M0 xvrzn) ana
soyaani doet hyl ( ZHgd d (iCHi 50 =l 9 ,e Ziiet hyiXI®¥)it al | ow
Fgd ek «%M 20'11 l%ﬂn Lt'q*’%t

am doet hyl (2) t al Qﬁkg
nethyl(l)oleylan1 oetﬁayﬁl%Z g?%wl éio n|un1nethyeraﬁfate and the
li ke. 15 [P&aéiﬂ Fransten WY%tpéﬁqq FangRfFi ti ons of

operating the p'f‘i@ﬁﬁ%ﬂbfutt ke g5 wld Qn,tcﬁ%ﬁcﬁim 1Qic doencao e girsse | bed
catalysts of th forqyla I1) %%3 en hav va S over oyger catal ysts
for use undéP s rcg\cééslé‘ éﬁﬁ% o) qg@pt‘??ﬁﬁﬁ lds, trial and
error techni quesulspyxelrmlf @ridowwexl ysHardsxamd ahlqlt pr afres r;ﬂthsen' t he process of
the invention a@%&@&%ﬂ%‘é&%&?}ﬂf may be added in a preformed state
or may be formed in situ in the reaction mixture by
addition of the appropriate precursor compounds.
15 The formation of, for example, quaternary salts.
within a reaction mixture by addition of precursor
compounds is within the skill of the art.
Phosgenation of the bisphenol can be conducted
in a wide variety of either batch or continuous
20 reactors. Such reactors are, for example, stirred
tank reactors, which may be either batch or
continuous flow. Additional reactors which are
included are agitated column and recirculating loop
continuous reactors.
25 : The volume ratio of agqueous to organic phase
during and at the termination of the phosgenation
reaction can be in the range of 0.2-1.1. When the
preferred organic liquid is utilized, such as
methylene chloride, the reaction may be conducted
30 at reflux which can be 35°-42°C.
Progress of the reaction comprising the
process of the invention may be monitored employing
conventional analytical techniques.
Those skilled in the art will appreciate that
35 many modifications may be made to the above



catal ysts which are included within the fornulae, [err] where X is as

defi ned above, nost preferably selected from[err], Br or [err], or where
[err] is a 30 nenber selected fromH, alkyl of 1-18 carbon atons; aryl of

6- 18 carbon atons. In addition to the phase transfer catalysts of formula
(I'), there are included within fornmulae (XI) and (XIl), phase transfer

catal ysts having the 35 fornmul ae, 18 [err] where X is as previously
defined. Generally the quantity of phase transfer catal yst used ranges from
about 0.05 nole %to about 10.00 nole %jhase 10 transfer catal yst based
on the total noles of bisphenol and pol ysil oxane diol. The phase transfer

catal yst may tﬁﬂéﬁﬁkiﬁﬁflﬁréfé?ﬁédmihﬁé&&ﬁeﬁfsﬂ@f @EefﬂﬁﬂéﬂtEBnSiéU i25the

reacti on m xture tion of the appropriate precursor unds

The formation 0 é&éﬁ* SRT NG, LEYP Eb? §3}¥§tmﬁ?§ ﬁcgp?eggprﬁ mi xture

by addition of ;n!zmmsmm conpounds is within the skill of the art.

Phosgenati on of .the %&?p) %wfﬁ@ Qg? QQC& gcéfbé @ﬁ m¥ﬂ£é§t gf ei t her
reac

batch or conti nuous ors reac ors are, exanple, stirred
tank reactor3, HWP%%S%HSfb@ab¥ﬂ%e¢n®a§%hn®rtb%n%nﬁebﬁsonIémﬂ aetli ti onal

reactors which gegth ne&éldséserﬂoaeléaﬁeémﬁpwea ﬁﬁdtﬁécmcuhe&tag | oop
continuous react ol SeafPying out 'the CLivention bet Ave not Lo pedan' ¢ phase
construed as limiting. All parts are by weight
unless otherwise indicated.

10 Examples 1-3, below, are not examples of the
invention, but are made for purposes of comparison.
Comparative Exgmgle No. 1: :

' A stirred slurry of 435.25 grams (1.9 mol) of
bisphenol~-aA (BPA), 2009 grams (0.48 mol) of eugenol

15 capped polydimethylsiloxane Dgp block monomer (PDMS
Dgp): 22.7 grams (0.107 mole) of p-cumylphenol and
14 ml (0.10 mole) of triethylamine in 4 liters of
methylene chloride and 4 liters of water was
phosgenated for 71 minutes at a rate of 10

20 grams/minute and ﬁaintaining the pH between 11 to
12 with aqueous sodium hydroxide. To determine the
progress of the reaction, samples were taken and
molecular weights were obtained (Table No. 1) by
increasing amounts of phosgene. Each sample of the

25 organic layer was separated and washed with dilute
HCt and water. The weight average molecular weight
(MW) was determined by gel permeation
chromatography (GPC) in methylene chloride relative
to polycarbonate standards.

30 Co ive ample Table No. 1
Sample Phosgene Usage .  Molecular Weight
26 min. 260 grams 18,958
32.5 min. 325 grams 31,682
39 min. 390 grams 39,911

35 45.5 min. 455 granms 40,589



during and at the term nation of the phosgenation reaction can be in the
range of 0.2-1.1. Wen the preferred organic liquid is utilized, such as
met hyl ene chloride, the reaction may be conducted 30 at reflux which can
be [err]. Progress of the reaction conprising the process of the invention
may be nonitored enpl oyi ng conventional anal ytical techni ques. Those
skilled in the art will appreciate that 35 many nodificati ons my be nade
to the above 19 described preferred enbodi ments of the invention w thout
departing fromthe spirit and scope of gpe invention. The foll ow ng
exanpl es describe the manner and 5 process of nmaking and using the

invention and gempapathivehgxaeplende eontenpl ated by the inventors for
carrying out the inyepti u n be.c r.u s limpting. Al
parts are by me[ghtxu%%gggegt%é?%?geg%né?géﬁgdgg%&s ?Q,@ E%%ﬁLFgg 1-3,
bel ow, are notbasphghod-af (BRa)i 2008 gramsui(0aké mede fodr epgemsedes of
conparison. Co ali 615%&52&& : 15xafieS b 84 ookl Mohoter? 3P grans
(1.9 mol) of b?ggﬁeno -A BPA),yggﬁé grans é@.48°ﬁ3$) of e gno 15 capped
pol ydi met hyPsi Pegane2err p¥BmSc K OmdA8nBPIePDRS PﬁFPPV}P@E?WSgﬁﬁﬁk (0. 107
mol e) of p-cunpkphgnqb.andmbiel of0tiietbythandhe! incbhulid@ree om 4 liters
of net hyl ene chlgbige and | i.ters %f wﬁhg{ wasfpho enated for 71 m nutes
at a rate of 1B°58YSPRSs FRREEECIATNE tikSKEn T WATSY FaSWPRPST 1o

genated for 71 minutes at a rate of 10 grams/minute

and maintaining the pH between 11 to 12 with

10 agqueous sodium hydroxide. To determine the

progress of the reaction, samples were taken and

molecular weights were obtained (Table No. 2) by

increasing amounts of phosgene. Each sample of the

organic layer was separated and washed with dilute

15 HCZ and water. The weight average molecular weight

(MW) was determined by gel permeation

chromatography (GPC) in methylene chloride relative

to polycarbonate standards.



12 with aqueous sodi um hydroxi de. To deteriine the progress of the
reaction, sanples were taken and nol ecul ar wei ghts were obtai ned (Tabl e No.
1) by increasing anounts of phosgene. Each sanple of the 25 organic |ayer
was separated and washed with dilute HO and water. The wei ght average

nol ecul ar wei ght (MN was determ ned by gel perneation chromat ography (GPC)
i n nmethylene chloride relative to pol ycarbonate standards. 30

Conpar ati ve Exanple Table No. 1 Sanple Phosgene Usage

Mol ecul ar Wei ght 26 min. 260 grardsl 18,958 32.5 min.
325 grans 31,682 39 min. 390 grans

39,911 35 45.5 nin. Co e Table No4g25g9

20
Conparative Exaggiwidlo. 2: ddd gy of 435%!8&@53@ wdightol ) of
bi sphenol - A ( BFA), 09 grans . no of eugeno capggd

pol ydi met hyl si | D50 bl oci%rﬂﬁ@?s(PDNB 5 D50), 254793 ans (0.109
nol e) of p-cumdehwiwl and 14 381 (gramsnol e) of triethy2ap2ne in 9 liters

M nutes at @1 AtS B0 gr ams/HEATEBhA i 1t ai ping t R pEPBet ween 11 to
12 with 10 aqutbusimodi um hydédkigheams To deternmine the3préd8Pess of the
reaction, Samméﬁhﬁﬁi@%ﬁﬁéﬁﬁﬁ?ﬁhﬁ&ﬁﬁf;é?L'WEights were obtained (Table No.
2) by increasing anounts, O osgene. Each sanple of the organic _|ayer was
separated and washech FEHERA FAOTEY f 4 3502 AagEams f%e9mggbht°§verage
mol ecul ar wei ghbisphenol-A (BPA), 2009 grams (0.48 mol) of eugenol
10 capped polydimethylsiloxane Dg, block monomer (PDMS
Dgo), 22.7 grams (0.286 mole) of p-cumylphenol and
14 ml (0.201 mole) of triethylamine in ¢ liters of
methylene chloride and 6 liters of water was phos-
genated for 71 minutes at a rate of 10 grams/minute
15 and maintaining the pH between 11 to 12 with
agueous sodium hydroxide. To determine the
progress of the reaction, samples were taken and
molecular weights were obtained (Table No. 2) by
increasing amounts of phosgene. Each sample of the
20 organic layer was separated and washed with dilute
HC¢ and water. The weight average molecular weight
(MW) was determined by gel permeation
chromatography (GPC) in methylene chloride relative
to polycarbonate standards.

25 Comparative Example Table No. 3
Sample Phosgene Usage Molecular Weight
26 min. ~ .278 grams ' 7,976
40 min. 402 grams 12,866
56 min. . 546 grams 18,007

30 71 min. 637 grams 21,930
Example No. 4:

A stirred slurry of 435.25 grams (1.9 mol) of
bisphenol-A (BPA), 2009 grams (0.48 mol) of eugenol
capped polydimethylsiloxane Dg, block monomer (PDMS

35 Dgg)., 30.32 grams (0.143 mole) of p-cumylphenol and



(MY was deternined by gel permeation chromatography (GPC) in nethylehe

chloride relative to pol ycarbonate standards. . 21 Conparative Exanple
Tabl e No. 2 Sanpl e Phosgene Usage Mol ecul ar Wi ght 26 m n
262 grans 14,053 40 m n. 381 grans

20,216 5 56 mn. 513 granms - 29,632 71 mn.

637 grans 32,785 Conparative Exanple No. 3: A stirred

slurry of 435.25 grans (1.9 nol) of bisphenol-A (BPA), 2009 grans (0.48
nol ) of eugenol 10 capped pol ydi net hyl s34 oxane [err] bl ock nononer (PDVS
[err]), 22:7 grans (0.286 nole) of p-cunylphenol and 14 m (0.201 nole) of
tLiethyIaning }m49oh§f§ms ¢b.ovthibeap ﬁ?f??iﬂglﬁﬁﬂyﬁahhbﬁﬁ&mOf wat er was
phos- genated fQ .Qin ate o

mai nt ai ni ng the §¥P5é$§egﬁ§§}? to 15 ﬂﬁth(gqgégé g} #Fﬁﬁ%ﬁg de. To

det ermi ne the paminessnob theersaoflmethghepéeshﬁeredﬁahad and nol ecul ar

wei ght's were obfgged pfapheeboval) phdshBrbeas’ Ba-27RU R RuglPRRSGENe. Each

sanple of the 2 ani c er was wth dilute [err]
and water. The RBi §ht 1dvEPade mrentrolied wwitht agNRPuRasCddr® ni ned by gel

perneation chr oppapexaaky (@BChetErﬁEhEYEﬁEepEBbQélsgeo'feltﬁbl ve to
pol ycar bonat e standgrds ative_Exanp

ar
Barte o ProtgBREiBiagBanples werg) LARRR, 08 BRLeSB LA, welohts 278
grams were obt&ifléd referred to as (Example Table No. 4)

by increasing amounts of phosgene. Each sample of

10 the organic layer was separated and washed with
dilute HCE and water. The weight average molecular
weight (MW) was determined by gel permeation
chromatography (GPC) in methylene chloride relative
to polycarbonate standards.

15 Iable No. 4

' Sample osgene Usa Molecular Weight
26 min. 258 grams 18,239
40 min. 366 grams 30,162
56 min. 499 grams , 30,933

20 71 min. - 613 grams 30,939

Example No. 5:

A stirred slurry of 435.25 grams (1.9 mol) of
bisphenol-A (BPA), 2009 grams (0.48 mol) of eugenol
capped polydimethylsiioxane Dgo block monomer (PDMS

25 Dgg), 23.24 grams (0.099 mole) of p~cumylphenol and
24.0 grams (0.076 mole) methyltributylmmonium
chloride (MTBA), 3.5 ml. (0.0251 mole) of
triethylamine in 5 liters of methylene chloride and
4 liters of water was phosgenated for 71 minutes at

30 a pH of 11 to 12 controlled with agueous sodium
hydroxide. To determine the progress of the
reaction, samples were taken and molecular weights
were obtained (Table No. 4) by increasing amounts
of phosgene. Each sample of the ofganic layer was

35 separated and washed with dilute HCZ and water.



40 m n. 402 grans 12,866 56 m n. - 546- gr ans
18,007 30 71 mn. 637 grans - 21,930 Exanple No. 4: A
stirred slurry of 435.25 granms (1.9 nol) of bisphenol-A (BPA), 2009 grans
(0.48 nol) of eugenol capped pol ydi net hyl sil oxane D50 bl ock nononer (PDVS
35 D50), 30.32 granms (0.143 nole) of p-cunyl phenol and 22 24.0 grans
(0.076 nole) nethyltributylanmoniumchloride (MIBA), 3.5 m. (0.0251 nole)
triethyl- amne in 5 liters of methylene chloride and 4 liters of water was
phosgenated for 71 mnutes at a 5 pH of 23 to 12 controlled w th aqueous
sodi um hydroxi de. To determ ne the progress of the reaction, sanples were

t aken and nol ecTher wedghht avesageonpdegudareweigblt (¥WaswaBxanpl e Tabl e No.
4) by increasin (o] Mg g S h G@@ganic | ayer
was separ at ed aggagggﬁggde?hB%?I%?gmfgﬁgh?a%gEkgﬁgggigﬁg&ﬁgight aver age
nol ecul ar wei ghtP( REFh¥AENgCBARTAEE BRLIEAVEetRe ROLYFATROERECogr aphy ( GPC)
i n net hyl ene chgeanhdarael.ati ve to pol ycarbonate standards. 15

Tabl e No. 4 §anp|e Phosgene ‘ 5 Mol ecul ar Wi ght 26 m n.
258 grans 18, 239 436#(1?—L——. = 366 grans
30,162 56 min. Sample 499 gr Pmpsgene Usage 3cdedul@r Weight .
613 grans ; 30,9 l.e No. 5: A stirr rry of 435.25
orams (1.9 nol)zgfmfn' %%2E§§Eﬂs 5%, a4

40 min. 373 grams 31,139

56 min. 504 grams 34,738

10 71 min. 599 grams 34,415

xXa e No. 6:

A stirred slurry of 435.25 grams (1.9 mol) of
bisphenol-A (BPA), 2009 grams (0.48 mol) of eugenol
capped polydimethylsiloxane Dsolblock monomer (PDMS

15 Dgg), 23.24 grams (0.099 mole) of p-cumylphenol and
24.0 grams (0.076 mole) methyltributylmmonium
chloride (MTBA), 3.5 ml. (0.0251 mole) of
triethylamine in 5 liters of methylene chloride and
4 liters of water was phosgenated'for 71 minutes at

20 a pH of 11 to 12 controlled with aqﬁeous sodium

' hydroxide. To determine the progress of the
reaction, samples were taken and molecular weights

. were obtained (Table No. 4) by increasing amounts
of phosgene. Each sample of the organic layer was

25 separated and washed with dilute HC? and water.

The weight average molecular weight (MW) was
deternmined by gel permeation chromatography (GPC)
in methylene chloride relative to polycarbonate

_ standards.
30 - Table No. & _
Sample osge sage . Molecular Weight
26 min. 274 grams 25,231
40 min. 383 grams 34,514
56 min. 524 grams 33,703

35 71 wmin. 701 grams 33,984



bi sphenol - A (BPA), 2009 grans (0.48 nol) of eugenol capped

pol ydi met hyl si | oxane D50 bl ock nonomer (PDVB 25 [err]), 23.24 grams (0.099
nol e) of p-cunyl phenol and 24.0 grans (0.076 nole) nethyltributyl moni um
chloride (MIBA), 3.5 m. (0.0251 nole) of triethylamne in 5 liters of

met hyl ene chloride and 4 liters of water was phosgenated for 71 m nutes at
30 a pHof 11 to 12 controlled with aqueous sodi um hydr oxi de. To
determ ne the progress of the reaction, sanples were taken and nol ecul ar

wei ghts were obtained (Table No. 4) by i2%creasi ng anounts of phosgene. Each
sanple of the organic |ayer was 35 separated and washed with dilute [err]

and wat er. 23 Th&heixprulkerehpemeddiror the Janmlgs wisé det er mi ned by
gel perneation GiEIABHENAYS AHYLd4E0)tHdt (Rl | Gie Stdaase wfaiazq: to
e

pol ycar bonate standards. 5 . . Tabl e No, 5 Sanp

Phosgene Usage 8mine °a§&ﬁ¥§ﬁngﬁr*ﬁﬁ§¥ﬁaﬁﬁﬁ?ﬁrﬁ°m?fgte @Eﬁ?iﬁi%ﬁ

25,084 40 m n. weight bWi/X gramot be obtained wi‘&iééSQeﬁomaMe 504
grans

34, 415 Exanpl e TCUH: (:Aéérlzd;;srg%%p%Iguérq%/g%;eiﬁs'?%St%?ax?r%g%%nrml) of

bi sphenol - A ( BRM1id®moPyrameun of chain dtenuipakor cappeel

pol ydi met hyl si | qeenei did) b nI@NEeS if%ﬂézfugp)weggn@flagrm (0.099
nol e) of p-cunyl phenol and 24,0 granslz0.076 nol e)_met hyl'tri butyl nmoni um
chl ori de ( MTBA)ROZE :phgsgene ois 1addedy (Ffhese results make it

extremely difficult to prepare resin with a

10 consistant weight average molecular weight. 1In
addition, a large excess of phosgene is needed to
build weight average molecular weight. With phase
transfer catalysts (such as methyltributyl-ammonium
chloride), however, complete weight average

15 molecular weight build is obtained. Thus, once the
required amount of phosgene is added, small
variations in the excess of phosgene will not
change the weight average molecular weight as in
the triethylamine polymerizations. Thus, the

20 weight average molecular weight can be more
precisely controlled with phase Eransfer catalysts
by controlling the amount of the chain terminator
and by using a slight excess of the regquired
phosgene.



triethylanmine in 5 liters of nethylene chloride and 4 liters of water was
phosgenated for 71 mnutes at 20 a pHof 11 to 12 controlled w th aqueous

sodi um hydr oxi de. To deternmine the progress of the reacti-on—sanples—were

taken and nol ecul ar wei ghts were obtained (Table No. .4 ncreasi n
amounts of phosgene. Each -sanple of the organic Iayer Wiﬁ ! mh’&lﬁ@ﬂ and
washed with dilute [err] and water. The wei ght average H

"(MN was deternmined by gel perneation chromatography (GPC) |n nmet hyl ene
chloride relative to pol ycarbonate standggds. 30

Tabl e No. 6 Sanpl e Phosgene Usage Mol ecul ar Wi ght 26 m n.

274 grans WHAT IS CLAZNEP3YS40 m n. 383 grans

34,514 56 min. 52

701 grans %' A g&g@%ss 9% & epﬁggaptgglg erve&afronlthe
Exanpl es 1-6, i ROl ysitexangdbdeck copolymersy, hwhichneomprigesiiary ani ne

catal yst (triethylanpne) conpkgqungeguh@&é@gbggboggl@@dayﬂmg be obtai ned
with a reasonabl e 5 anount phosgene regardl éss of the reaction solids,

or anount of chERFCREENDAYASE afhéeP§§cFF8n§188ﬁF|H@éSF§'b&WQjrmﬂecular
wei ght as nose phispeaompyiseded. These results nmake it extrenely difficult

20 t1on, “a Large excess of AMdsgefe HEVAERGeRRERERI | d wei ght average
nmol ecul ar weight. Wth phase (ii) a polysiloxane diol;
(iii) water;
(iv) a water-immiscible, inert oganic
10 solvent for the block copolymer;
(V) a catalytic proportion of a
phase transfer polymerization
catalyst which functions between
the two phases; and
15 B. introducing into the heterogeneous
reaction mixture a carbonate precursor for co-
polymerizing the dihydric phenol (i) with the
polysiloxane diol (ii).
2. The process of claim 1 wherein the
dihydric phenol is bisphencl-a.
3. The process of claim 1 wherein the
polysiloxane diol is of the formula:

R R? R
5 | Ll
l2 l2 l2
Y R R R Y
- —— D .
10 . (IV)

where R and R? are each independently hydrogen,
hydrocarbyl or */halogen-substituted hydrocarbyl
(prefefably Rl is methyl and R? is methyl or
phenyl) and'where D is an integer of from about 10
15 to about 120, preferably about 40-60; and Y is
hydrogen, -hydrocarbyl, hydrocarbyloxy or halogen,



transfer catal ysts (such as nethyl-tributyl - amoni um chl oride), however,
conpl ete wei ght average 15 nol ecul ar wei ght build is obtained. Thus, once

t he required anmount of phosgene is added, snall var%atfohg‘Tﬁ“Tﬁé_Eicess of
phosgene wi Il not change the wei ght average nDIec the
triethylam ne polynerizations. Thus, the 20 wei ght m ‘H‘ﬂ r wei ght.
can be nore precisely controlled mnth phase transf al yst ssby*
controlling the amount of the chain term nator and by using a slight excess
of the required phosgene. 25 WHAT 1S 86AIMED IS 1. A process for
prepari ng pol ycar bonat e- 9 | ysi | oxane bl ock copol yners, which conprises; A
provi di ng a het éPEGEREBRLY, TELhPHN )i APGr ¥hRX® rHeatelghdt two 1iquid
phases, and 5 Wbe&beﬁﬁﬁgélaesblbhks of eéithdtusephanolis &mdm abutysi | oxane

diol; (iii) wat sci bl inert _ag
sol vent for the?bl8§ §8H§Iy r?f( e cepe F.E“%r%%&rﬁ%&ﬁh&f a phase
transfer pozyneperaen&ageabﬁlp&ﬂywﬁnokahenftbunthbetﬂ@@mstbé’two phases;

and 15 Leggici t e rgoene ure a
car bonate pr ecur sor ?:or co(?g 1% (r%wax'-troglza%%h‘E 3 S‘:% glc‘ﬁ her‘ﬁr} ?l?twlth t he
the weight ratlo of blocks of structure (1) to
blocks of structure (2) is within the range of
about 15 to 25%:75 to 85%.

4. The process of claim i wherein phase

transfer catalyst is of the formula: )
Te
5 Ry — M — R, ® X ©
o
(VII)

wherein X is selected from the group consisting of
10 an organic and inorganic anion such as nitrate,
benzoate, phenylacetate, hydroxybenzoate,
phenoxide, hydroxide, cyanide, nitrite;
particularly preferred are chloride, bromide,
acetate, formate, prbpionate, hydrogen sulfate,

15 methyl sulfate, ethyl sulfate and the like; M
represents nitrogen, arsenic, phosphorus, antimony
or bismuth; Rg, Rg, R; and Rg are each selected
from one of those groups wherein
A. Rg, Rg, R; and Rg are each independently

20 selected from hydrocarbyl and substituted
hydrocarbyl, the sum of carbon atoms in_Rs, Rg, R34
and Rg is between 8 and 100, inclusive, and when
any one or more of Rg, Rg, and Ro have only 1
carbon atom, then the sum of carbon atoms in Rg,

25 Rg, R- and Rg is between 9 and 100 carbon atoms,
inclusive;



pol ysil oxane diol (ii). 2. The process of claim1 wherein the dihydric
phenol is bisphenol-A 3. The process of claim1 wherein the polysil oxane
diol is of the formula: [err] 10

(I'V) where [err] and [err] are each independently hydrogen, hydrocarbyl or

*/ hal ogen-substituted hydrocarbyl (preferably [err] ji Iﬂ l Bﬂﬂmﬂ[)r] S
net hyl or phenyl) and where Dis an integer of frogn‘mm“ EIH out
120, preferably about 40-60; and Y is hydrogen, hydrocarbylt, Mydfocarbyl oxy
or hal ogen, 26 (preferably nmethoxy);,qnd where the weight .percentage of
bl ocks of structure (1) is fromabout 10 to about 96% of the copol yners and
the wei ght 20 gercentage of polysiloxane fromthe blocks of structure (2)
is fromabout 4 to 90%_ Preferably, the weight ratio of blocks of structure
(1) to blocks & BprabBBuRg arp FéiﬁptﬁPEeFﬁérféﬁg§QEr%ﬂﬁﬂﬁ 35 to 25% 75 to
85% 4. The pr@eeatefit fbietyladkacfied RBAThe! PADH ¥, @aidlist is of the

o LSk bbbl BESRT el Srbtnt Serib AR, e SR oL 00 o 10
hydr oxybenzoat andphgdrocdebyl yaéubstdenteds alkenyliend thaving td cedarly
preferred are iglgﬁkggn QEQEquinclusive, in the ring thereof, R,
and Rg are each selected inéependently from
hydrocarbyl and substituted hydrocarbyl of from 1
35 to 25 carbon atoms, inclusive, provided that when
Rg and Rg together are not alkenylene substituted
with a hydrocarbyl of at least 8 carbon atoms, then
one of R, and Rg is hydrocarbyl or substituted
hydrocarbyl of at least 8 carbon atoms:;
40 2. Ry and Rg are taken together with the atom of
M to which they are attached to represent a
divalent or trivalent moiety selected from the
groups consisting of those having the formulae:-

wherein A represents nitrogen, oxygen, sulfur,

45 phosphorus and the like; and Ry and R, are each
selected from alkenylene and hydrocarbyl-
substituted alkenylene of 1 to 25 carbon atoms,
inclusive, m, n and g are each integers of 0 to 1
and the sum of m + n is 1 or 2, provided that Rg

50 and Ry, together are such that they contain a total
of at least 3 carbon atoms; R and Rg are each



acetafe, formate, propionate, hydrogen sulfate, 15 nethyl sulfate, ethyl
sulfate and the |ike; Mrepresents nitrogen, arsenic, phosphorus, antinony
or bismuth; R5, R6, R7 and R8 are each selected,LLonkeﬁe—Uf’THBEEﬁgroups

wherein AL [err] and [err] are each independently 20
hydr ocar byl and substituted hydrocarbyl, the sun1 gﬁbg g“ﬂ‘ n R5, R6,
R37'and [err] is between 8 and 100, |ncIu5|ve .a one *or nore of
[err] and [err] have only 1 carbon atom then the sun1of carbon atons in

[err] 25 R6, R7 and R8 is between 9 and 280 carbon atons, inclusive; 27

B. 1. [err] and [err] are taken together to represent a divalent noi ety
attached to the atomM and is 30 selected fromthe group consisting of

al kenyl ene and b B n to 10 carbon
Redeeted i'nd%@ﬁeh‘t gd Rérﬁ?%?:a%‘fr‘l @na

atons, inclusive, in the rlng t her eo r]. are each sel ected
i ndependent |y f FURSkjEuSes RYAracardys SFPFE?%& Rzdridc 2EoyfiTa® r2dm 1 35 to
25 carbon atorrscatcwnusutms pr:.@wm@dv@)ahﬂm [ier df mn{ anr-tz]s toget her are -

not aIkenyI e sub tltu d mnth roc at ons,

t hen one of Fer F]ar é: '1?9 g’&r‘b%‘%ﬁ‘dgﬂbg}‘at ute yd’r 3g’§pbyl of at

| east 8 carbon &y mtomhez arm&malmwrmmmmgaﬁ@ wiithh & he at om

of Mto which t&g lagfegtt q oS @S eRbrpardi \ggﬂgﬁt ert § 1\(g}:l &t noiety
groups

selected fromt conS|st|ng of those haV|n t He Tornu
selected from the group of alkyl, substltuted

alkyl, alkenyl-and substituted alkenyl of at least
60 8 carbon atoms.

5. The process of claim 1 wherein the
catalytic proportion is from about 0.05 to about
10.0 mole % catalyst based on the total moles of
bisphenol and polysiloxane diol.

6. The process of claim 1 wherein the phase
transfer catalyst is tributylmethylammonium
chloride.

7. The process of claim 1 wherein the poly-
siloxane diol is of the formula (IX) wherein Rl and
R? are each methyl, Y is methoxy ortho to the
phenolic hydroxyl and D is an integer of from 45 to

5 55,

" 8. The process of claim 1 wherein the
reaction mixture further comprises an effective
proportion to substantially eliminate chloroformate
end groups on the product resin, of a tertiary

5 amine co-catalyst.

9. The procéss of claim 8 wherein the

tertiary amine is of the formula:
(Rx14) ;N (XX)
wherein R14 represents C, to C,po alkyl radicals.

10. The process of claim 9 wherein the

tertiary amine is triethylamine.



[err] “wherein A represents nitrogen, oxygen, sulfur, 45 phosphorus and the
I-i:ke; and [err] and [err] are each sel ected fron1a|keny|ene and

hydr ocar byl - substituted al kenyl ene of.1 to 25 carbon atons, i ncl usi ve,

n and q are each integers of 0 to 1 and the sumof m+ n i

provided that [err] 50 and [err] together are such t: at they cont,

total of at least 3 carbon atons; R6 and R8 are each G“{“im
i ndependently from hydrocar byl and substitut ed hydroca sLerr] is
of from 1-25 carbon atons, inclusive, an@®9 err] is of Fonfo ?5 55 car bon
atons, inclusive, provided that when [err] and [err] together are not

al kenyl ene substituted with a hydrocarbyl of at |east 8 carbon atons, then

[err] is selected frlqmth%gw&éy‘s @fk)@l’aﬁd”és"dﬂéﬂéd\ adﬂ@/I al kenyl and
substi t ut ed alkggy of, at least 60 8 carbon atons. Eroc ss of claim

1 wherein the c&tEEFHiVeRRRRAEEPN &% He é’tﬁi‘lﬁat@%tt&' M mol.e %
catal yst based aboute d.@ialtc .00 afold Sphad a1 Y wwlexan®e diol. 6.

The process of Laig&}o l%ﬂglgpe phase transfer catalyst is
tributylnethyla%ﬁgﬁ M FRFEREC 7. The process of claim1 wherein the

pol y- siloxane diol l2s ofTheh@romens of IClaimhdrleiwhegrein] thel p¥ase e each
methyl, Y is ”E§&%ﬁ§f3¥i33€51§§¥3ﬂg“ﬁylHd%JDﬁHﬂH@QaﬂHHLf&ﬂS an integer of

frmn45to 5 5
chloride and the tertiary amine is triethylamine.

13. The proess of claim 1 wherein base is
added to the reaction mixture to maintain a pH of
the aqueous part within the range of from about 10
to about 12. '

14. The process of claim 1 wherein the
carbonate precursor is phosgene.



8. Tht process of claim1 wherein the reaction mxture further-conprises an
efsf ecti ve proportion to substantially elimnate chloroformte end groups on
the product resin, of a tertiary 5 amne co-catalyst. 9. The process of
claim8 wherein the tertiary amne is of_the fornula: (RX14)3N

(XX) wherein [err] represents [err] to [¥fr] alkyl radicals. 10. The
process.of claim9 wherein the tertiary amne is triethylamne. 29 11.
The process of METHOD OF, BREPARING POLYCARRBONATESFPOLYSILOXANE. o co-catal yst
ranges from aboBROGKGOPQLYMERS np| e % based on the noles of bi sphenol
present. 12. The process of claim 11l wherein the phase transfer catalyst is
tributyl nethyl amoni um chloride and the tertiary amne is triethylam ne.

13. The proess of claiml B R Iy je reaction mxture to
mai ntain a pH of the agueous par fromabout 10 to
about 12. 14. The|MQR%¥S?¥P°Q§%§TEQJWﬁk&Qﬁ#ﬁ%rhfgﬁﬁ IRPRELYRRER ur sor i s

phosgene. are prepared by interfacial polymerization
technique in the presence of a phase transfer
5 catalyst. : '
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