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A, TITLE METHOD FOR THE PRODUCTION OF BLOCK
COPOLYCARBONATERHOSPHONATES AND COMPOSITIONS THEREFROM.
B.  CROSS REFERENCES AND RELATED APPLICATIONS

J0001] The dpplication claits priority U.S. Provisiondl Application No, 60/741,124
filed December 1, 2003 titled.  “Methed for  the Production’ of Block
Copolycarbonate/Phosphonatés  and Compositions Therefrom” and 118, Provisional
Application No. 60/749,38% filed December 13, 2003 titled *Method for the Frodoction of
Block Copolysarbonate/Phosphonates-and Compositions Therefrom”, the contents of botk are
invorporatéd herein by reference.

C-E, Not Applicable

E. Background

au excellent combination of properties, such as, high' heat distortion temperatires, low color,
transparency, melt proogssability and:outstanding toughness, These materials are used in a
wide varisty of applications aud are produced on an enormogs scale commercially. However,
polycatbonates lack flame resistarice, and there is'a démand and need for flame resistant
polycarbonates. A variety of approaches ave been undeértaken o frwpart flame resistance to
these materials, but thise approaches have been ungucesssiin targely becaust flame resista
POy fose s ot of the advantagéous properties that polycarbonates inberently possess..

{0803} Polyphosphonates are khown 1o ‘gihibit excellent fire: resistanct (see for
example, LS. Pafent Nos. 2,682,522, 2,801,915 and 4,331,614). Thus, it would secm
reasonable to combing polventbionates and polyphosphdnates in an ttempt to combine their
atiributes 10 produce a material with the pliysical propeities of polyearbonates and the added
fegtare of flame resistance. However, the realization of this conibination’s, properfies by
combining.polycarbonates and polypbosphonates has proven to be extremely difficult.

[0004] The syrithesis of random copolycarbonale/phosphonates by condensing 2
carbonate precursor, au aryl phosphonic acld dictiforide and an aromatie diol in a halogenated
solvent-such as-methylens chloride is deseribed.ju U.S, Patent No. 4,223,104, Using. this
PIOCERS, ra_xadom,c*opo.1}&:arbo;xafe{phgs;)’ki&)‘nateS'-; ave isolated from asolution by precipitation
inte. methano! or by evaporation of the ‘solvent. 'Iéimyévag tliis' method gives com;;}ct‘el}f
randomi copolycarbonate/phosphonates, uses expensive monomers {aryl phosphonic acid

dichioride), and undesirable halogenated solvents.
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{0005] It a sinilar manner, Yapdom copolycarbondie/phosphonates Have been,
synthesized fiom the fedttion of a divryl carhohate, an aromatic bisphenol and a phiosphonic:
acid diaryl ester i1 o melt condensafion yeaction using 4 basic. catalyst; and - some cases &
branching Ageni #s described ‘in U.S. Patents: Nos. 4,322,520, 4,401,802, 4,481,350,
4508890, 4762905  This synthefic wmethod also gives complelely sandom
mpoiywrbonate Iphosphonates that do not exhibit an acceptablecombination of properties.
Most notably, these random ;.c,qp@,charbonﬁe!yhosphm:a:ss fack toughness, and their heat:
distortion femperature i significantly reduced below that of polycarbonats.

[0606] U.S. Patent Mo 4719279 deseribed amother process  whereln
oligophosphonates with phenolic endgroups are first synthestzed vin the reaction of a
phosphonic-acid diaryl ester with an excess of an aroniatic bisphensl using a basic catalyst.
This oligomsr 1§ subséquently veacted To a phase boundiy process with an gromptic
dicarboxylic-acid dichloride-or phosgent; o 2 mixture of both, fo give a prodict with less
than 0.01% phenslic. contedit by weight'. This inethod is saitiewhst complei and requires the
uge of.haioaenat‘:é -écxiyéﬁts that ars environmentally u.uacéeptabien,r Mofeoveé;, the ;esal-téni,
Dthex ‘m‘ephaz};gal proportics..

[0067] Another method, asdescribed in U.S, Palent No, 4,782,123, invelves; the
preparation of copolycarboxylate/carbonate/phosphonates by the extrusion of & mixture of an
aromatic polyester, a polycarbonatg, and. an aromatic. polyphosphonate in &, solvent at
lem;mramrex mnvmg from. 150 10-420°C.. However, this approach also utilizes halogenatgd

{0&08} {”:‘s Paient No. 4;3:Jﬁf€}2£‘d¢~apri§m§ methods that aﬁempf to combine the
attributes.of polycarbonates and polyphosphonates by making physieal bhlends of the two via
il mixirig: This miethod gives a physical blend of a polycarbonate and a polyphosphonate
with 2 different distinet glass transition temperatures, One for PC and onc for
polyphosphiohate. This blend i likely to. be unstabls wnder various therinal conditions and
mechanical loads, jeading to- subsequent: phase segregation and consequent: cihange&*;' in
properties.

[OBBY]  Attempls bave been made to add. flame resisiance to the ‘properties of
potyvcatbonates throngh the wse of phosphoriis containing additives, mohomers, aod:
polymers, Howsver, none have been sucvessful in prodicing a- material that could be:
prepared in @ siniple and facile matnet at an soceptable codt and having 4y adceptible.

combination of phisical atd mechanical properties:
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[0610] In visw of the abovel there is & neetl for # simple; Tacile, cost offective
myethiod 1o produce copelycarbonate/phosphonates that exhibit 8 favorble combination of
physical and mechanical properties. Therefore & inethod fo produce. such. materials is
disclosed in the istant invention.  The compositions are: comprised of bloek
copolycarhonate/phosphonates “that exhibit significant improyements in fSame resistance
relativesio polyeatbonate; with minimal sacrifice to the:properties of polycarbonates;such s
high heat distortion temperature; low color, high toughness, hydrolytical :stability, and high.
glass transition temperature (Tg), Purther, the block copolycarbonate/phosphonates of {he
.prsaseﬁi“-inyantion exhibit higher Tis. superior heat distortion tefnperatuses, and toughness as
compared to random copolycarbonate/phosphonates..

G. BRIEFPSUMMARY

tlodk  copolycarbohate/phosphondtes comprising, obtaining '#  predomipately pheno
terminatéd ofigoearbopate, and optionally free bisphenol, in.a st step; and reatling - the
prédominaely phenol terminated oligocarhonate; and optionally free bisphenol, with an
alkylphosphonic acid diarylester at an-clevated tompersture under-reduced pressure in a melt
to make a blogk copalyearbonate/phosphonate in a. second step. The method may also
include performing the second step vnder elevated temperatyre and reédueed pressure such.
that volatile components-are removed..

08121 In some embodiments, the method may farther include reacting a.
polycarbonale with a phenélic compound under-conditions such that the phenolic compiound
i vefluxing but s not remaved to.Gbtin.the predominately phencl terminated oligocarbioniate.
and optionally free bisphieriol. The phenolic compound, of certain:srabiodiments, may phenol,
and-the phenolic compound may, genetaily; be pfavi‘éieé at-# molar ratio of abiout 0.1 to-about.
3 of the'potycarbonate, In other embodiments; thestép of reacting the polycarbonate with the:
phenolié corapound may occur it the presente of e alkylphosphiodor acid difrilester.

ifml‘?&} In other embodiments, the msthod may “faither Taclude reacting: diphenyl
carbonate, @ inolar exvess. of a bisphenol which may be abbut 1.2 to about &, and &
rimsesterification catalistaf élevated temipetature uhdel tedilced pressund il 8 inelt 1o obtain
‘the “predoiminately phenol derminated oligocirboiale and optiowally free bigpheniol. The

bisphignol of certain embodisents Hiay be2, 2-bis(d-hydroxyphenylipropatie.
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{8014] In  embodiments, the alkylphosphonic acid diarviester may be
methylphosphonie-agid diphenylester-and may e provided at-a molar-ratio;of from about 0.1
fo about § of the predominately phenol ferminated oligocatbonate.

16015] Some-embodiments miay inclnde providing 2 transesterification catalyst, and
the transesterification catalyst may be.sodium phenolate; tetmphengiphosphtmium pﬁ'et‘xc_iat;;%,
or combinations thereot. I embudiments; the transesterification catalyst may be provided to
prior-tothe:step of reagting, and in vther embiodiments, the transesterification catalyst may be
provided during the step. of reacting,

{0016] The predominately phéndt lerminated oligocarbonate may be' linear
oligozarbonate, branched éligocarbonate, and combinationy theréof, in some embodiments.
i other énibodimens, thé prédominately phenol tetminated oligocarbonate way have a
selative viscosity (e of fromrabout 1020 about 1,18,

[0017] In embodiments, the elovated temperaturg and veduced pressure may be:
maintained frons.abont 0.5 to about 34 howrsand. i certain embodiments, the method may
inelude the step-of heuting a miture resulting from the second step toa temperatiire of from
about 2509C ta about 310°C for froni aboit 0.5 to about 10 hovirs.

[0018] 'The block cepolyvoarbonate/phosphonate produced may beé from about 0.1%
to about 10% by weight phosphorus and, in sothe embodifments may be from about o1 o
about $% by weight phiosphotus is present ju the block copolycarbonate/phosphonate,

{#019] The ‘nvention aiso Include 2 method for preparing biock
copolycarbonate/phosphonate. including reacting s polycarbonate, 8 phenolic compound, and
an- alkylphosphonic acid diatyl ester in . first step under conditions such that-the phenalic
compound is reffuxing but is. not- romoved for a. first time ‘petiod, and reacting a misture
resulting fron the Hrst step at elevated temperature under reduged pressure such that volatile
compounds are: temoved for @ second time perod to make .the: block.
copolyrarbonate/phosphonate-in‘a second step: -An oligacatbonate may; generally, be formed
ity the:first step. some sinbodiments, {he phenolic compound may be ‘phena'lﬁsamigiﬁ- others,
‘the.alkylphosplionic acid diaryl ester is methylphosphonic acid diphenylester.

[6620] The -tnvention further selated. to a block capolyearbonate/phosphonates
prépared by:d m‘e.fhod,i?zdfudiﬂg,ébtéinﬁh g predominately ;;henél: terminated oligotarfbonate
and optionally free bisphenal in a first step,. a6d reacting the. praéioxﬂixmfely'-;iiaémi terininated
oligacarboitate and optionally fice bisphend! ivith an alkyiphosphonic gtid diarylester-dt-an

clevated ‘témpefsture under reduced préssure i oz omélt o nigke a Bk
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copolycarbonate/phosphonate irvd second $tep: Tn enibodinients, the sl¢bated teraperature and
rediiced pressure of the sceand\is:;} thay be such.that volatile components-are fempved,

[0921] In soime émbodiments, the method may further elude redcting a dipheny!
carbonals with a molar exceds of biiphenol to obtain the oligucatboriate and oplivnally free
bisphenol, and the. step of rédeling the diphényl carbonate with a malar excess:of bisphenol.
may occur-atan elevated temperature and reduced pressure.

[9022] Other aspects of the invention include a blodk copolycarbonate/phosphonates
prepared by a method dncinding reasting dipheny] carbonate and a-molar excess of Wisphenol
to obtaii a predominately-phenol terminated-dligocarbanate and optionally free bispheniol in a
first ‘step, and reacting the predominately phenol terminated oligocarbovate dad fqptieﬁaily
free bispheno! with an alkylphosphonic acid diaryf ester at an elevated tempefature under
Teduced pressure ina melt fo'make a block copolyearbonatephosphonate in.a second step: -
some ‘emémﬁxﬁmﬁs; thie fitst- stép: may occur at an elevated téfmpéiature undér réduced
‘pressure.

[0923] Stll other embodimeiits of the invention inclide d ‘block”
¢opolycarbionate/phosphonates prepared by a method including reacting a polycarbonate, &
phienolic compound, and analliylphosphenic acid diaryl ester under conditions such that the:
phenolic compound s refluxing but is not removed fur a first time périod-in a first step, and
pressure: such that volatile compounds: arg removed for 2 second time perind. 1o make the
blogk cop{)iycérhonate-«_‘_fphg}sphpnaie. in a sgoond step.

[0034] Another aspect of the invention. incladis a polymer blend or mixiwre.
including at least ong block eapolysarbonate/phosphonate prepared by a method including
obtatning a predominately phenol tenminated ofigocarbonate and opttonatly:free bisphenol in
a fiest step, amd. veacting the ‘predominately phenol. ferminated oligocarbonate with au,
alkylphosphonic scid diarylester at an elevated temperature-under seduced pressure in a melt,
to maske a block copcﬁycar&@natejph,‘cssb}wnaf&: in a second step, and. af least one other
pélgt‘ncr to.make g polymerblend or mixtiwe. I some-embodiiments, the step of pblaining &
prédominatély phenel ferritinated cligocarbonate and optionally fice bisphenol may includs,
reacting a polycarborate with a’phendlic componnd under conditions sich that the phienolic
corapound is réfluxing but.is not rémoved (o obfuin the predominately” phenol ferminated
ofigocirbonate aid optionally free. bisphenol, .fn ather enibodiments; the step of obtaliving a-
predominately phenol terininated eligocarbonate and optionatly fee bisphenol ‘comptises

régicting diphiehy! carbonate, a wolat ekeess of'a bisphenol, and a transesterification catatyst
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atelevated temperature undey reduced pressire in a ekt to obtain the predominatély phenot
terminated oligoembonate and optionally freg bisphenol, In certain embodiments, the other
polymer s selecled from polyoarbonates; polvagrylates, polyacrylonitrites; satoeated . and
unsaturated 'po,izyg\:‘sicrs,‘ pni}fam}d&s; polystyrenes, §2§ghﬁ impact 'pqiystyrenes', pél.yargzthanes;
polyreas, polyepoxies,. poly{acrylonitrile. bufadiene styrenels, polyhmides; polyarylates,
‘pely(‘arylene- ether)s, 'pqiyeﬁlylmws, ‘polypropylenes, polyphenylene suifides, poly(vinyl
ester)s, polyvinyl chiorides, bismaleimide. polymers, pofyachydeides, liquid crystalfine
polymers, polyethers, potyphenylenciaxides, cellulose polymers, and combinationthereof.

H. Deseription of Drawings — Not Applicablé

L Detailed Description

[0625] Before the prsent’ compositions and iethods. are des?‘cribéd-,. it I8 o' bé
indeistood ‘that ihis invention 1§ ndt limited to' the. particular processes;, compositions, o
wethodologies deseribed, as these may vary. - It is-alsd to. be undefstood that the termindlogy
iised in the description is:for the purpose of deseribing the particular versions of emtbodimonts
only, and iz not intended to Himit the scope of the present invention which will be limited only
by the appended claims.

10026] Tt must also be noted that as used herein and.in the appended. claims, the
singular fobms “a", “an”™, and “the”™ include plural reference unless the context clearly dictutes
otherwise, Thus, for ;:xampia,‘mfemnee i a»‘“‘pai;«fezx‘rbanate’é is a reference to one er more
polvearbonates sd equivalents therenfknown to thosg skilled in the ast; and so'forth. Unless
defined. otherwise, all technical and scientific torms used herein have the same-meanings as
commonly -understood By ‘one of crdinary skill in fhe arf.  Alihough any methods. and
matetials sinyilar of equivalent to those described hersin can be used in‘the practice or testing
of embodiments oftthe préseit i'n\'-"ie;‘nt'i’c‘:arg3 the preﬁérr‘rad methiods, devices, and materials are
iow «described. Nothing hereln % to be'canstrued as an adinission that the fnvention:is not
ertitled to-antedate such disclosuie by virtug of priof lovension.

0027} As used héil'ein? the- tern “abiout” fieans: plus’or Thisies 10% of the numerical
yatue of the nunber with which itis being,used.. Fhirefore, abourt 0% means in the rangs of ‘
45%-35%.

[0028] "Optional” or “optionally" mieans that the subsequenily described event or
circumistance may .of fay nol oceus, and. Yhat he dedoription includes instances where the
t?\_'{i?i}?;-;dt}(}.uré‘;‘ and instances where it does not.

{00291 The term “alkyl® or “alkyl group” réferd to % branched or ijzrxbf%(:hﬁd

hydrocarboh of graup of 1 to 20 carbon atoms, such as But Aol Hrafted to sicthyl, ethyl, n~
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peopyl, isopropyd, . n-butyl, isobutyl, thutyl, octyl, decyl, tetradecyl, hexadecyl, sicosyl,
teteacosyl and the like. “Cycloalkyl” or *tycloalkyl groups™ sre branched or unbranched
hydrocarbons. in which all or some of the carbons are arranged in 2 ring such-as bu not
Hmited o cyclopentyl, cyclobexyl, methyleyclohexyl and the like. Theterm "lower alkyl”
inclydes an alkyl.groupof 1 1o 1 {} carhon atoms:

10030} The: term “aryl™ or “aryl group” refers to' monovalent -aromatic hydrocarbon
radicals or geoups consisting:of one-of. more fused rings in which at least-ong ring is aromatic
in mature, Ayl may include but are-not limited to phenyl, napthyl, bipheny! ring systems
and the like. The aryl groupinay bé ansubstituied oF substituted With a vatiety of substituents
including: put not Himited to ‘alkyl, alkenyl, hali de, benzylic, .aikyéi ofaroiiatic ether, fitro,
gyano and the like and combinations thereof.

0031 “Substithent” refers o a malecular” group that replaces a hydrogen it 4
compound and may inchde bt iSj,ﬁQt'-iimiicdf,fo,triﬁuoifon}ﬁ}‘th'yl, nitro; eyano, Ci-Cay alkyl,
aromatic or aryl, halide (F, CL, Br, T), €,-Cogialkyl ether, benzyl halide; benzyl ether, aroinutic
or arvt ether; hydroxy, alkoxy, amino, alkylamino (-NHR?), dialkylamine ((NR'R™) or other
groups which do not interfere with the formation of the diaryl alkylphosphonate,

{0032] As defined herdin, an “arylol® or an “arylol gronp™ is an aryl gronp with a
hydroxyl, OH, group substiteent-on the: aryl ring. Na}z—iimiﬁag examples of arylols are
phenol, naphthalens and the like.. A wide variety of'arylols may bg used.in-the: embodiments
of the invention and are-commercially available.

[0033] The term “alkanol” ox Falkanol group™ refers to a compound comprising an
atkyl of I to 20 carbon atoms or more-having at feast onig hydroxyl group substitisent.
‘}“:-xampiés of alkanols. inclade Bus are notfimited to methanol, ethanol, 1- and 2-propanal, 1,1~
dimethylothanst, hexanol, octanol and the like. Alkanol groups may beioptionally substituted
with substitienits.as described above,

{{}.9'34} The term “alkenol® ot “alkenol group™ refers 1o a compound cém‘prisiﬁg an
alkene 2t 20 darbag dtofis.or mote having at feast-ont hydroxyl group substitaent. ‘The
hydroxyl may be arranged- in'either isonteric configurdtion (s ar teans). Alkeriols miay be
further substituted with one or more-substitugnis:as described above and miay beiused in place
af atkanols in sores Embodiments of the invention. Alkenols are-known toy those skilled in
the art and many are réadily available tomitiercially.

0035] ‘The- terms, “flaine. refardant”, “fae Fesistant?, “fire resistant” of “fire
resistance™, as uséd hergin, méan that the composition exhibits:a. limiting oxygen mdex-(1L.OH

of at fpast 27,
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[0636] “Molecular weight™, as used herein, is determined by relative viscosity et
andfor gel permeation chromatogtaphy { GPC). “Relative viseosity™ of 2 polymer fsmeasured
by issolving &'known guaniity of polymer in a solvent:and <om paring the time it 1akes for
this sofution-and the'nieat solvent {o travel through 4 spevially desigried capiliaty (viscotnster)
af 4 constant temperature.  Relative wiscosity. is. o measurement that is dndicative of the
molecular woight of a polymer. Tris also well knowa that areduction i relative viscosity is
indicative of & roduction i molecular weight, and fedtition in moleulat weight canses Joss
of techanical properties such as strength-and toughingss, ‘GPC provides infarmation about
the molecalar weight and piolecular weight distribution of a polyrer. It is Krown that the
moleedsr ‘Welght distriliution of & polvingd s, imfortant 1o propertics soch -as thermo-
oxidative stability {due to different amouiit of end groups), toughness, .meit flow, and fire

100371 “The term “toughness”, as wsed hereln, is determined qualitatively on a fitm
or-a molded spegimen,

{0038] Unless otherwise stated, the term “setraphenylphosphoniur phenolate” as
used  herein s meant o deseribe the chemical complex  of  phout. 0%
‘tetraphenylphosphonium phenolate and. about 30% phesol. The melfing point of this
comtplex i§ typically about.145°C..

00391 The term “predominately phenol terminated dligocarbonates™ IS ‘medt. fo
desoribs “carbonate olipomers. having at least about 20% phenolic end groups. and,. mofe
preferably, at least about 30% phenolic end groups.

10046] Embodiments of the invention présehted herein may pettain 10,2 method for
producing block copelyvarbonate/phosphonates.  block copolycarbonate/phosphonates
prepared by ihis method, -and compositions related to fhe method. Block
copolycarbonate/phosphonates prepared by the method presented herein may have: an
advantageous combination of properties, incinding, for example, fire rvesistance, och
processdbility, high toughness, high Tg. high heat distortien. temperatures, hydrolytic
stability, and low color, The compositions produced from methods of embodiments may
inchuds block copulvearbonate/phiosphonates that may-contain from about,0.1% to about 10%-
jphcwhomé by weight-insome embodiments and from about 1% to.5% by weightin others.

{6641} Inembbdiments, bl'o;ik'.cagbiytcanbOﬂate?ﬁijosphnnaies may be prepared-from
a predominately phenot ‘terminated Tinear or branched oligocarbonate, and optionally-free

bisphelndi, an alkylphosphonic seid ‘diaryl esier and a transesterification ~'c.atalysﬁ' in. a melt
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1site a method that may. inchude: at least two steps and an optional third step. A Hirst step
‘may. involve the preparation of a prefominately .phenol terminated branched or linear
oligocarbonate -which may or may not contain -freg bisphenol. In a -second step, the
predominately phencl termindted oligocarbonate, and. optionally free bisphenol, may be
reacied with an-alkviphosphonic acid diarylester; and optionally a transesterifieation catalyst
and/ora branching agent such-as, for example; triphenol or triphenylphosphate; in & melt; An
optional third step may.include heating the réaction mixiure obtained after the Tirst fwo steps
have been. completed: under temperature. and rediced pressure such that all volatile
components are removed.

[0042) In some cinbodimeins, the first step nigy include the prepavation of 4
predominately plisnot terminated finedr oligocarbonate, and optiobally freé bisphenol; by
feacting diphignyl carbonate with a ‘molar exdess of an wromatic bisphenol ‘and a
trafigestorification catalyst in 2 melt.  In other embodiments. . predominately phenol
terminated branched oligocarbonats which ntay or may nbt contain free bisphenol may be
prepared in the fitst step by feacting diphenyl.carbonate with a molar excess. of an aromatic
bisphenol,-# branching agent, and 2 transesterification catalyst in a melt. The-first step may
be vonducted wnder a combination of temperature and reduced pressure such that phenol may
be distitled. from the reaction mixture and dipheny] cathonate may be retained in the reaction
mixture and may continug for a period-of time from about 05 to-about 24 bowrs. 1 certain
embodiments; the -predgmﬁ;iateiy phenol tenminated oligocarbonate may optionally. be
jsolated. before proceeding to the second step.  However, the step of isolating: the
oligocarhonate is not necessaryy iher.e:f@rg ‘the method may be conducted in & continuous
manner in 2 single reaction vessel in a.one-pot synthesis,

[0843]  In embodiments wherein the first step includes reacting diphenyl carhonate
with 2 molar excess of an aromatic bisphenol, the relative molar ratio of the aromatic
bisphenol to the diphenyl carbonate. miay range from about 12 to aboit 1; and in some
‘embodiménts; the molar fatio of aroiatic: bisphendl to the diphenyl catborite fiay be from
about 6 to abous1.

j0054] In embodiments; the seednd step may include the addition of an
alkylpbosphonic d8id diarylester to 'a mikture resslting from the firsd st Whirein
oligocarbonates are synthesized and mdy be casried out under a combination of {emperaturs
and reduced pressure Such that phenol is distilied from the reaction mixture while {he
alkylphosphonic ‘acid diarylesier may be retdined in the reaction mixturs ay, during the

seconid-step, the oligocarbonstes, and optionally frée bisphendl, produced in the first siep may
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fedet  with the alkyiphosphonic a¢id  diargdester  fo  produce -4 block
copolycarbonate/phosphonate, In some entbodiments a Aistillation column may be vsed to
facilitate the remova'i of -phem}i 't"mm ""the renction  mixture: without remov’ing '{he
-qt‘nme ,,ran_gmg: tmm abo;u,f.;,O.;:) to ,;xbo;;,i 3;4 hpm:’, and o mhgr:.«,_ the pm.o& of time may range
from ahout 0.5 to, 18 howrs. The reaction temperature Tor the secand step of smbodiments
miay range Trom about 250°C 10 dbone 310°C.

D045 In othior cmbodiments, the: 1irst siep ihay intlude the preparation of
oligocarbonatés, ahd opticnally free bisphenol, by reacting a brioched ot linear
polveatbonate with an aroingtic alcohol; such 4y, for exainple, phenol o substituted phenol
and, optionatly, in e presesioy ofvan alkylphosphonic acid diarylesier and, optionally, 2
transesterification: catalyst in & melt. In cerlain embodiments, oligosarbonates may. be
prepared from a seaction mixture having branched -or linear pelycarbonates, an. aromatic

alcohol, an alkylphiosphonic acid diarylester, and optionatly, a trapsesterification eatalyst, The
'reaumn of embodiments may he conducted under conditions of temperature and pressure
S ah that the phenalie corapound refluges, g i e not removed from the reaction mixture, For
example in some embodiments, the resction vessel may be fitted with & condenser 10 prevont
ihe phenolic compound fror being distilled obt duking the first.step. In such embodiments,
these redction conditions wiay be: mainfained for from about 0,510 about 24 hours. Without
wishing to b botnd by theory, the aromatic aleohol may react with the polycarbonate and
may cleave flic polycarbonate. into smaller fragmenty producing predominately phisrol
terrinated olipotarbondtes. that sy be wilized i a second step to Produce Blogk
copolvearbonate/phosphonates.

j0046] In embodiments wherein the first-stefy ntludes combining @ braached or
fincar polvcarbonate with -an aromatic alcoliol, the: refative molar-ratio of the: phenokic
compotind ‘#¢’ the pol¥earbonate may range from about -0.801 1o sbout 10; and W some
embodimets, the molaf ratio of polycatbonate fo aromitic dlephol may be from about 0.1 to
about 5. The molur rativ of alkylphosphenic: actd: diarylester 1o ‘branched or lipear
polycarbonate may be from about 0.0 to about 10 insome;embodiments, and frorn about 0,1
to:about 5 :i‘;}‘ others, '

[0047] ‘The sccond step of embodiments incleding o first step in which.
oligocarbonates, and .optionally free bisphenol, are prepared from polyearbonates may

include. reducing the pressure of the reaction, such thak the phenolic compound may be-
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distilled away from the réactioh mixture: without removing the alkylphosphonic acid
diarylester, aud in some embodiments; thiy may roquire replacing a condenser on. & reactor
with a distilfation.column. The oligocarbonates, and.optionally firee bisphenol, prepared in
the fivst step may than-react with the alkylphosphonic acid diarylester of the reaction mixfure
to preduce a block sopolysarbonate/phosphonate; In.such embodiments; a fransesterifieation
caralyst may be theluded inthe reaction mixture in either-or boiy of the firet and second steps,
The secondsiep of embodiments may continue for a period of fime ranging frofe abowt 035 to
aheut 24 houss, and in othér embodiments, the pericdiof time may range from about.0.5 10 10
howrs. Tri embodiments, the réadtion temperature forthe:second step may range from about
250°C to.abott 310°C,

[0048] Clertain embodiments of the method described Hereinabove may inelude an
optional third step wherein o reaction mixture resulting from the.second step-may berheated
10.2 femperature of from.about 250°C:to about 310°C under feductd pressure such that 4l
volatile components such. as, for example, ;ﬁzeao:{,vaikyﬁ}hes;}haﬁic acitt diarylester, and-the
fike are. removed, In such einbodirents, the third stép may continug for-a perfod. of from
about 0.5 to.about 10 hours, and a wansesterification catalist may optioually be edded fo the
reaction ixture before or during the heating process of ihe: dptional third step. o
erboidiments where d distillation colutmn has been utilized duting the-second ‘step, e thizd
step niay molude the, vemoval of the distiliation eolumu to facilitate the removal of volatile
cotupioneis, and in certain embodiments, the third step may be repeated (L. conducted more
than once) o assure complete removal of volatiles..

F3D49]  As described above, fhe method of embodiments may be-conducisd i a one
pot synthesty, whergin first the oligocarbopate; and optionally free bisphenol, may: be
prepared cither from carbonate monomers or ffom polycarbonates, and {lis alkylphosphonic
acid diarylester, and optionally a transesterification. catalyst may-be subssquently added 1o a
reaction mixture resufting from -the prepavation of oligocarbonates, and optionally free
bisphenol, in the sanie geastor, and. reaction condifions i the reactor may be aliered to
stimulate” the reaction of the alkylphogphonic acid diarylester with the dligocarbonates. In
other embodiments, the aikyi;;hoﬁgho:;ib acid diarvlester and optionally. o transesterification
catalyst: may already, be present in the reaction mixture resuiting ffom fhe preparation of
oligocarbonates, and i such eases, redotion -conditions ity the reactor may be changed o

facifitate the. reaction of the slkylphosphotiie acid diarylester-with the oligocarbonates. o
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still other-embodipents; the optiona} thivd step ray also be conducted in the same: reactor. oy
the reaction conditions in the reactor may be changed to facilifate the third siep,

{0050] " Either commetcial or custom synthesized branched or- linear polycarbonates
may be suitsble for use -in -embodiments of the method desoribed “hereln,  In some
embodiments the ‘pd[graafbaviiatcs'ma},-":}zayc: a relative viscosity () of at least about 1.2 .0f
from dbout 1.02. fo .about 118 in certain tmbodinents,  Non-limiting ‘eximples of
commiercially available pojycatbanaies thay be those available uwider the tade sames Lexan
{Giensral Blgotic Company), Makrolor (Bayer-AG), Apec (Bayer AG), Hiloy {ComAlloy),
Calibre (Dow Chemieal €o.), Lupilony (Mitsubishi), Naxell (MRC Bolymer), Edgetek
(PolyOue), Trirex. (asel) and Pantite (Téijin Chennicals). It'should be undeistood that any
polycatbanate available now or:in the. future: may be gsed. in embodiments afthe method
presented herein..

[0051] Custom polycarbonates may be prepared by any method known i the art:
For sxample, custom: polyearbonates may be. synthesized  from ﬁi’]}hen}-'i carhonate and any
known bisphenol using & transesterification cafalys; and in the case of branched
:?ﬁ)i}fﬂﬁfh{)ﬂﬁiﬂ& a branching agent, or by an- interfacial po‘%ycomfénsati{m provess using
phosgene and any bisphenel with or without & brariching agent: A vatiety of bisphenols van
be used i such Feactions, and a-compilation of known bispheriols readily available and well
known to those skilled it the an ir’zeiudiﬁ‘g,‘ﬁiass containing heterocyclic structurés can be
found in“Engineering Plistics: A Hasidbook of Polyarylethers™ by Robert J. Cotter, Gotdon
and Breach Science Publishers S.A,, Switzerland 1993, For examnple; bisphenols niay
include, but are net limited to, rosbicinol, Hydroquinone, 44’-biphenol, 2,2-bis(4-
tydeoxyphenylpropane {bisphenct A),, 3.3 -biphenol, 447 -dihydroxyphenyl other, 4.4°-
dihydrokydiphenylsuifone, - %:9-dibydroxyphenyl fludrine, 1, 1-bis@-hydiigyphenyl)-3.3-
dinvethyl-S-methylcyclohexane, 44 dihydraxybenzophencde; 4.4°~dilipdroxyphenyl sylfide,
Tofncthyl-1spheny!  bis(d-ydroxyphenylimethang, bis(3-hydroxyphenyDmethans; bis(4-
hydfoxyphetiymethave, 9,9-bis(3-hiethyl-4-hydrosyphenyDilucrens, 9,9-bis(3,5-dimethyl-
4-hydroxyphenylfiuorine,  L4-bis[{4-hydiokyphenyl)-2-propylfbenzene,  14-bis[(#-
hydmxy;ii}enyl}@;ﬁ. dimsthylphenyl-2-propyllbenzene, 4;4°-hig(4- hydroxyphenyl)diphenyl
ragthane, ZQ:Z-bisC‘ﬁi-h){dr,f;t&yp}}em{;}'imiaﬂ‘uom'isopr@p}%}i&ene, T-wifupromethyl-f-phenyl
bis(-hydroxyphenylmethane. and.combinafions-thereof.

[0052]  In some embodiments, predominately phenol terminated oligocarbonate may

be gyailatile, for example, commercially or custom synthesized, In such cases; the first step
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may be omitted, and the spethod -may be started with the second ‘step. For example, a
manufactured pm’iominateiy:pbignél terminated oligogarbonate may be placed i & reaction
vessel, with -alkylphosphonic acid darylester. and. optionally a transesterification catalyst
and/or & branching agent, and the method may begin. at the second step. In particular; the
reaction. may be conducted undera combination of tem;pemm:e‘qand reducedl pressure. such
fhat phenol. is-being distilied from the reaction mixture while:the wireacied atkylphosphonic
scid diarylester remats-in the reactioh mixture fora petiod of fime ranging frot about 6:3 to
abonit 24 hous, and the alkytphosphonic acid didrylester wmay react with the predominately
phsnol ferntinated pligocdrbordate to produce blotk copdlicarbondte/phosphorates,

[0053} ‘The method 6f embodiments; inay use-a varisty of alkylphosphonic acid

diarylesteds, such as, for eXamiple, those of general formula ks

R{Q—P—OR,

Rz {1
wherein R; & tepresented by general formuta (),

@

whiereiss Rs, Ry Rs, Rg, and Ry represcntany conibination of the following radicals: hydrogen,
seifluorotnethyl, nitro, oyaria, €:-Cop alkyl; aromatic, halide, Ci-Can alkyl etber, benzyl halide,
benzyl ethér, and aromatic ethér, and Wherelli Ry represents an alicyl radical having 4 carbon
chain ranging from ] o 30 aivenged T a variety of isomerie configurations. in gerlain
embodiments, the alkylphosphonic acid disrylester may e methyiphosphionic. acid
diphenylestér (See formula 1.

0

PHO—P—0OPh

CHs ity
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{0054} In embodimenis including & phenoclic.compound, a variety of commercially
available or custom synthesized phenolic compounds-may be used. For example,-a phenolic

compound may beof general formula TV

Rs ay)
wherein Rs, Ry Rs, Re dnd Ry fepresent any ‘combipation of the following radicals; kydrogen,
frifluoromethyl, nitre, cyang; €-Cap abkyl, avomatic, halide, € -Coy alkyl ethier, beriiy] Halide,
bonzy! ether, .and aromatic ether, In cefiain' embodiments, the phenolic:compound may be
plienol wherein R, Ry, Rs, Res and R represent hydrogen radicals.

{6055} The -uanscsterification  catalyst of cmbodiments may be any
transesterification catalyst known in the wrt and, used. for polycarbosatz syothesis, In
embodiments, the catatysts are added in the first step, In the second step, and optionaily in the
Hhiird step, or in-any combination of these steps, and the' transesterification-catalysis nsed may
be fhe same for-sach step or may be different. For example, the transesterification catalysfs
wsed miay be any of those discossed in “Unit Processes:in ‘Organic Synthesis™, Grogging, 47
Edition, MoGraw Hill Book Co., 1952, pages 616-620, or 118, Patent Nos. 3,153,008 and
3,,7%42,-85‘33»; and In-cettain smbodiments, the transestérificntion catalyst$ may inchude, but is
ot Limited o, sodium. phedolate, sodium bisphenolate, quarternary phosphoniuin, and
aqueous-baséd. phenol quarternaty phosphonium catalysts ard combindtions: and. mixtures
thercof, For exaiviple, quarternary :plius;}hcmiizmn catalysts ay be ‘thoss represented -in
¢eneral forfula V.

Ra
Ry—P~Ry | X™
|. 113
Rq - o)
wherein Ry-Ry are: cach independently phisnyl, benzyl, alky‘§ ar’ 'iineiftiy.-suﬁétitut‘:::dn atkyl
having. 1~12 carbon atoms, and. in. some tmbodimerits, Ri-Rq #idy etch be benzyl, pheny! or
C-Cy itkyl, of Ri-Ry may each be phenyl aud Rymay biea CriCyalkyl of benzyl. X ytay be

a conjugate base ¢f an arorhatic carbdeyclic. compound andl may béar at least one nuckéar
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hydroxyl grodp, and m may be the valence of tie anion'X. In some embodiments, anions
may includs diphenylphosphaté; tetraaryl borohydride, a halide; and the like, or . substituted
of tnsubstituicd phendlate: group. In. ¢eftain embodiitents, istrdhydrocasbylphosphonivm
hydeoxyl conpound, HyX, wherein X and m are defined above, Tetraphenylphosphonium
phenolate-may exist.as a-complex ofiabout 70% "tatrapheny}phcsp}mnirsm,:;’)}zenélaw and ahoul
30% phenol in some embodiments:and may be the catalyst used in the thivd. step i other
embodiments, These quarternary phosphonium catalysts may be-sdded 0 dhe reaction
mixture as a solid ar, alternativety, may be dissolved in 3 sotvent suth as aleohol, water or
alcohol/water mixtures. Incertain embodiments, the-catalyst may. be sodivm phenolate‘and
tetraphenylphiosphonitm phenolats.

1&&5&5} Any“brzmcﬁing agent krown in thi art may be used in the syuthesis of the
branchied prédominately "'phenai terminated oligocatbonatey i embadiments, such ‘as, for
example, the branching ageént may beé 1,1, 1adis(d-hydroxyphenyllethane,

{8057} The reaction time and temperature may vary betwesn embodiments of the
mithod and within steps bf the embodiments. Tn_some embodifents dufing 2 first siep
involiing svnthesis of the predominately phenol terminated branched and linear
oligocarbonates fromt diphenyl carbonate with 2 melar excess of au aromatic bisphenol, the
reaction time at which refinx cceurs while phenot is being removed from the reaction mixinre
can range from about 0.5 1o 24 hours in some embodiments and 1 to 8 hours in others.. In
other embodiments during a fiest siep. involving reacting polycarbonates with at least one
phenolic. compound 1o prepare oligocarbonates, the reaction time at which reflux occurs
while the phenolic-compound remmains ‘rthe reaction misture may rangs from about 0.5 to
about-24. hours I some embodiments, aod fom abont 1 4o about § hours in others, For the
second - siep. the reaction time:at which reflux oconrs while phenol is removed from the
reaction mixture may range from about 0.5 to'24 houss, in embodiments, and 1 to §hours; in
othicts: A time period-for ah optiohal thifd stép mdy rings from dbout 0.5 1o about 10 hotrs.
For the bverall veethod (steps 1-3 combined), the temperature mayrangs from about 200°C.10
about 310°C, and in embodiments, the vacuum may range-from about 10 mm to about 0,001
mm §1§g5 o fin other embodiments, the vacaum may beadjusfed during, the .course.-of the
seaction. from just betow 760 mat10-about 0.001 mim Hg.

[0038] The. temperature and vacuum under-which the reaction-takes: plaos. may be

adipsted during the courss of the method to stimylate’ various steps and during sach
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individaal step 1o dchieve. macimims efficiency: Fob example, during thé fisst step, the
terperature-and vaenwm may be adjusted to. provide the proper reflux conditions: enabling
removal of phenol while keeping the diphenyl carbonate in the reaction misture during ihe
production of oligocarbonates; in some embodiments, or the femperature and vacsum may be
adjusted-to provide reflux without the removal of phenol while oligocarbonates are proﬂnced‘
from polycarbonates, in other smbodiments, During. the secomd step, the temperature and
vacuumy may be adjusted to provide conditions that enable the removal of phenol while
keeping the alkylphosphonic acid disrylester in the reaction mixture while block
'ce;rrdiymi*bb1iiiteipho-3p§wna’£es~ e produced; and. the tfemperature: and vatuum may be
actjusted agsin 1o facilitate the removal of all volatiles in the third step,

[0 .As described above, the mEthed of embodintents mdy. o¢cur b three-distinct
teps, the thivd Mep being optional. Hpwever; the reastion tay be conducted in 2 continnous
nariner in a single reaction vessel in o one-pot method. For exafmple; in embodiments
whérein the block copolycarbonate/phosphoriates of émbodiments are prodiiced on a large
séale, the first step of the reaction miy be ‘conducted in a baich reactor with mechanical
stirring, and the second step may be conducted in & coptinuoys yeactor in which high shear
stirring may Be used to spread:the reaction. mixfure jafo a thin layer on the side walls of the
reactar fo. pmvxde a large surface area whick may- enhance the: removal of volatiles,

{0068 Without wishing to. be-hound by theory, the: molecular architecture {ie bkm{\
copolymer} of the block copolycarbonate/phosphonates prodaced u,s,;ng. methods described
herein-may explain diffeeences fa properties as compared to random copolymers described in
the prior art: However, it is not.obvious that this:molecidar.architectare would result from the
instant ‘method, nor §5 it obvicus that this molecular architecture. would .give vise o the
observed combination of physical and mechanical properties possessed by the gompositions
produced by the. fnsrant method:

{0061] The block copolycarbonate/phosphonates prepareéd using the methods
presented herein may be ustd to prodiuce polymer mixtures. or blénds with commodity afid
enginesiing plastics, and may imparf to these polymer miktures or bleads the advantageous
cheracteristios described above, The term “polymer nixtufes or blends™; as used-herein, may
refér 10 a composition having at least one blogk copotycarbénate/phogplionate prepared using
the méthods deseribed sbove'and:at least oné other polymer, Theré tetut “other polymer™,as
used hereln, refers to any polymer other than the blotk. copslycarbonate/phiosphonaie.
composition of the present invention,  These. other polyriers inay be gémmo"diﬁ;}é OF

engincering plastics such a8 polycarboiidte, polyateylafey polyacrylonifrile, saturated -or
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wrisaturated polyester; polvamide, polystyrene (including high impact strength polystyrene),
polyurea; polywethane, polyépoxy, poly(actylonitrile butadienc styrepe), polyimide,
polyaryiaie, poly(arilenc sther), polyethiviens, polypropylets, polypheuylene sulfide
poly{vingl gster), polyvinyl chipride, bismaleimide-polymer, polyvanhydride; liquidicrystailine
polymer, celtulose polymer, or any combination thereof (commercially available: from, for
éxa:mpie, GE Plastics, Pitisfield, MA; Rohm & Haps Co.,. Philadelphia, PA; Bayer Corp, -
Polymers, Akron, OH; Reichold; DuPont; Huntsman LLC, West Deptford, NJ; BASY Corp
Mount Dlive, NJ; Dow Chemival Co, Midland; M1 ExxonMabit Chemical-Corp:, Houston,
TX; ExxonMpbil; Mobay Chiemical Corp., Kansas City, K8; Goodyear Chemieal, Alvon;
OH: 'BASF Corp.; 3M Corpi, St Panl, M Solutia, Ing., :St. Louds, MO: and. Fastman

Cliemical Co., Ki'ggspom TN, ,ré‘s;.}ectiveiy}w Th’e‘-.ga‘}}mef mixtures or blendy ay be

produted via blendisig, niixing, or compouriding the tonstituent materials. .

J0062] The bldck copolycarbbnats/phosphoniates of fhie: polymer mistures or blends
deseribed herkin tay also- contdin other componients, such as fillers, surfactants, organic
hinders, polymeric: binders, crosslinking agetits, coupling agents, anti-dripping sgents, heat
stabilizers, antiogidants, colorants, inks, dyss, or any combination thersof,

[00631 The block copolycarbonate/phosphonate: compositions or the polymer
mixtures or blands of embediments presented herein, may generally be seif-extinguishing in
that they quickly stop burning when removed. from a fame. In addition, drops produced by
melting these block copolycarbonate/phosphorate compositions or the polymer mixfures or
Hlends ina flame quickly stop burning and typically do nof propagate fire to-surrounding
materialy, Morsover, these block cppas};:tca;bo:xatcfpzlaspizanatf; gompositions or the pelymer
mixtures or blends usually-may not evolve amy noficeabls smokewhen a flame is applied.

[0064] The block sopolycarbonate/phosphonate. compositions or the polymer
mixtures or blends of embodiments cau be used a8 coatings orcan be used to fabricate
articles, such as; freo-standing $ilms, fibers, foams, molded articles, adhesives ‘and fiber
teinforced composites. These articlés may be well-sited for applications: requiring. fire
jesistance.

[0063] “In summaty, the bitick. copolyoarhonaté/phosphonate compositionis and the
block copoivearbonate/phosphonaie ;ﬁolymcr'mixiures exhibit butstanding flame resistance
and-an advantageats commbination of properties siich as hi gh Heat distertion ite‘mpa‘aﬁn‘es?}ow
color; high toughness, bydrolytical stebifity, 4nd Tgs. Relative to the state-of-the-aft random
copolycitbonate/hosphonates; the block éopolycarbonate/phiosphicnates exhibit’ equivaléat

flanic resistance; bif have noticeably improved wgughness and higher Tgs.  Such
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improvements make these materials usefisl. in applicdtions 0 the autemotive and electronic
sectors that require. outstanding fire resistance, high temperature-performance, low color,-and
melt processabifity.

0066} This invention and embodiments iustrating the method and materials used:
may be further understood by reference to the following non-limiling examples,

EXAMPLE 1
State-ofithe-Art Comparative Examiple: Randoth Copolyéarbonste/Phosplicnates.

[0067] “This state-of-the-art Compatative sxample was piepated following the
procedure described in ULS, Patent 4,322,320,

[BO68] Inio a 250 mL three neck round bottom flask equipped with.a digtilation
cofunin and rechanical stirver was' placed 2.2-bia(4-hydroxyphetiyl) propane (hisphenol 4,
32.2 g, 0,167 mole}, methyiphosphonic acid diphenyl cster-(96% purity, 4% phenel) {12.41.g,
0.048 mole), diphenyloarbonate (20.65 g, 0,139 mole) and 5-mg of sodium phenolate catalyst.
The sivture was heated.to250°C under-vacuum. The temperature, was gradually ificreased:to
300°C ovér a 6 howr period.  As the temperature was incrdased the vatuum was décrensed
from about 200 mih 1o gbout 1.5-mm Hg, During this time 36.30 g of distiilate-was collectsd.
The columy was Temoved from the flask-and the mixture heated to 300°C under 15 mm Hg
for. § hours. Disﬁ“ilate;l(i;*} €) was also cotlected during this step. The vellow solid (38.62°g)
gxhibited a relative vispasity of 1.18dnd a Tg of 126°C. The peteentage of phosphorous in
this polvimer was 3:16%.

160697 A Blm was cast fiom nicthylene chloride and subsequently dried. The film
was light vellow in color. A qualitative tear-fest condaeted on the film jndicated that It 'was
relafively Brittle.  Qualitative flame testing of the film indicated thal ¥ Bad good self
axtinguishing characteristics.

EXAMPLE 2
Svnthesis ofa Block Copolycarbonate/Phosphonate

{0070} Into:a 230 mb three neck round bottom Hlask equipped with.a distillation
solumn and. mechanical stimer was placed the 2:2-bis(4-hydroxyphenylpropane, (bisphenol
A, 5370 g, 0236 mole) diphenyloarbonate (3370 g, 0.158 mole) and § mg of sodium
phenolate (NaOPh) catalyst, “The.mixtare was heated t0°250°C under: vacuum. (150-200 mm
Hg) for about 1,5 hours. The mixtirs was sobseguently allowed o cool and
methylphosphionic  acid  diphenyl ester (234 g 0094 niols) and 12 g of

tetraphenylphosphoniiny’ phenolate (TPPOP) catalyst which is a thewtical cotpled of
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tetraphénylphosphoenium phenolate and phensl consisting of ‘about 70%: and gbout 30% of
each, respectively (m.p. 145°C) were added.  The mixture was-healed from 250 10 300°C
while reducing the prasserezfrom 150 to 1.5 mm Hyg over about a 4.5 fo 5. bour period, A
foticesble, rapid-increase in solution. viscosity of the melt was observed ovef the last Gous of
the redotion.

[007Y]  Approximately 53 & of distillats was collected vver the course of the
reaction, The palé vellow) tough polymer exhibited 8 vyu = 1.30 and-a Tg Qf 133*C, The
percentage phosphorous in this polvmer was 3.49%:

{6072 A film was cast from methylene chioride and subsequently diied. The film
was light yellowin color. A qualitative tear fest x#»eaasconcizzeiad“on-i‘hé fitm, In comparison to
the film prepared from the: state-of-the-art ra‘nﬂmn,copdi}{carhenate,,-*fg’iwsphmatgs example,
this film was sigoificantly. tougher. In addition, the film. from this method exhibited a
significantly  higher Tg (133°C)  than  the  statc-ofthdmt  random
testing of the film indicated that it bad excellent self-extingeishing characteristics and was
comparable o that'of the state-ofithe-artrandom dopolycarhonate/phosphonate film,

EXAMPLE 3
Synthesis of a 'Biuci'(:Cm‘;’jaiyc:a‘rhmaté!?hbsphan‘azte

{0073] into a 250 mL three neck round botlom flask equipped with s distitlation
coluimiri and ingchanical stirrér was' placed the 2,2-bis{4-hydroxyphenypropatie (bisphenol
A, 5370 g 0236 molk) diphenylcarbonate (3370 g, (.158 mole) and 12 mg of
fetiaphenyiphosphonium phenolate (YPPOP) catalyst,. The niixture was heated 10 250°C
under vacuum (130-200 mm Hg) for about 1.5 howrs. Approximately 20 g of distillate was
collected during this step.  The -mixture. was subsequently allowed fo ¢ool and
n'zet'ﬁyiplmsphonib acid diphenyl egter (3.4 g, 0.094 mole) and 12 mg of TPPOP catalyst
which s a chendical camplex of tetraphenylphosphonium phenalate md phenel consistingof
about 70% and about 30% of each, respectively (p. 145°C) were added.  The mixture was
t0.5:5 hour period. Approximately 28 ¢ of distillate was collected during this step.

{0074} The distillation coluran was subscquently remoyved from the flaskand 12 my
of TPPOP catalyst was added. The wilxture. was heated -to 300°C under fall vacuum
(approximstely 0.1 :wsn. He) for approximately 1 howr. A noficeabls, rapid increase An

solution viscosity of the melt was observed over the last 0.5.to 0,75 hour of the reaction,
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[0073] -Approximately 3.8 g of distiliale was. collécied during this step of the
reaction, The pale yellow; tough polymer exhibited BN 1:23:andaTg of 131°C:

[0076] In.sn atrempt to ensure that all volatifes Had been removed, approximately- 38
g:of the block copolycarbonate/phosphonite and 12-mg of TPPOP catalyst were placed inlo:
the. 250 . three neck round bottem task equipped with o mechanical stimer. The mixture
wils bésned $0:300°C tinder full Vacuiim for about 1 hour, Appiokimately 0.3 g of distillate
was collected during thisssiep. The pale yellow, tough polyraer exbibited anua =131 and 2
Te.of 134°C.

{00771 A Sl was cdst from meéthylene chiloride and subsequently dried. The film
way light vellow in coler: A qualitativeteartest was conducted.cnt the film: Jn comparisen 1o
the film prepared fom the sfatc-ofthe-an random sopolycarbonaie/phosphonates example,
this filoy was significantly tongher. Tn -addition, the film f¥om this method axhibited 2
significantly  highee Ty (134°C)  than  the  state‘of-theeast  random
copdlycarbonate/phosphionite Bl (126°C), of ‘the. comparative’ method:  Qualitative flame:
testing of the film indicated that it had excellent self-gxiinguishing chiracioristics and was;
comparable to that of the state-ofahe-art xandom copolysarhonate/phasphonate film,

EXAMPLE 4
Synthesis of'a Block Copolycarbonate/Phosphonate

{0678} Inio a 25(}.mL three neck round battom flask equipped with a distillation
column and mechanical stirrer was placed the E;'Zwb:is{'e‘iéhydroxyphmy;i}pmpane {bisphenol
A, 53770 g. 0236 maole) diphenylearbonate (33.70 g, 0138 mole) and 8 myg of sodium
phenolate (YPPOP) catalyst. ‘The mixtirs way heated to 250°C under vacuuni (150:200 mim
Hg) for about 1.5 hours. Approxitnately 21 g of distiflate was colteeted during this step. At
this stage the bloek copolicarbonate/phusphonate sihibited a = 1.02.

100791 The mixture was subsequently sllowed to.cool and methylphosphonic acid
diphenyl ester (234 g, 0,094 mole}. and 12 mg of TPPOP catalyst which is 4 chemical
comples. ol tetraphenylphosphorivm phenolate: and. phenol conststing.of about 70% -and
about 30% of vach, respectively {mup: 145°C) were udded.. The mixture was heated from
250'10:300°C while reduging the:pressure from 150 19 1.5 vim Hg over about a 5ihour pertod.
The mixure. v«as aflowed 0 cool ‘o, room témpérature: overnight.  The solution was
subsequently hogted to 300°C under Fall vacunro for abont 1to 1.5-hours, Approximately 29
g of distitiate Was colievted during hisstep. fl"ﬁe{,pa’ic yetlow, tough polymer gxhibited a Rt

= 125 and a Tgof 1320C.
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{BUSH] i diattempt to énsuse that all volatiles had been removed, approximately 50
g of the block copolycarbonateiphosphanaty and 12 my-of TPPOP catulyst were placed. intd
fhie 250 mL three netk Tound bottom. fask equipped’ with & mechanical stirrer. The mixfure
was heated fo 300°C under Tall vacnum for about 2 hours, Approximafely 0.4 g of distilate
Tg of 133°C.

F0081} A fitm was cast from tisthylene chlotide and subsequently:dried.. The film
wais Tight yetlow fn color, -A.qualitative tear test-was conducted onthis filin. Tn coniparison to
thee Hilm prepared from the state-of-fhéxdrt tandom copolycarbonate/phosphonates example,
this film was significantly tougher. In addition, the film fom this.method exhibited
senificantly  higher  Tg  (135°C)  than  fhe  stite-ofithe-m  random
copolycarbonate/phosphonate film (126°C) of the comparative: method.  Qualitative flame
testing of fhe-fil indicated that it had éxcelient selfextinguishing characteristios ind was
‘cemp‘araﬁl‘citi’a.fhatzof’ﬂie:s‘tate;xoféﬁlcéar‘&:r{afxd(zm--éi:spdiyearbtmateefiﬁhbﬁphﬁna‘te-"ﬁim;

EXAMPLE 3
Synthisis-of a Block Copolyearbonaté/Phosphonate

{0082} Imto & 25C b thive neéck found bottom flask equifiped with'a distillation
solamm dnd ‘mechanical stirrer was placed the: 22-bis{d-hydroxyphenyDpropine (bisphenol
A, 33.70 £, 6236 mole) diphenyicatbonate (3370 g, 0.158 mole} and § mg of sodium
phenolate (TPPOP) catalyst, The mixtare was heated 10.230°C under-vacuum (1 50-200 mm
Hg) for abost 1.5'hours. Approximately 21:5 g of distitlate was collected during this stop, At
this stage the block copblycarbonate/phosphionate exhibited an = 1.04.
diphehy! ester (23.4 g, 0.094 mivle) and 12 mg of TPPOP catalyst which is.a chemical
complex of tetraphenylphosphonkam phientlate and phenol consigting of abdiit. 70% and
about 30% of each, respegtively: (m.. 145°C) were added, “The mixture way heated from
250 10°300°C while: tedacfng the ;i’:téssﬂr@:fmm 15040 1:5 mm Hg over about a.4.5 to 5 hour
period. A rioticeable, rapid:increass i -solution viscosity of the melt was obsdrved over the
last howr of the réaction. ApproXimately 17.2-g of distitlate was collected durinig this step.
The pale yeilow, tough pelymer exhibited a 1y = 120 and a Ty of 134°C,

{00841 A film was cast from methylene chioride and $ubseqlicntly dried. The film
was light yellow inrcolor, A gualitative feartest was conducied on the film. In comparison o

the film prepated from the siate-of<hesart random copolycarbonate/phosphonates gxample,
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this film was significantly tougher. In addition, the film from this method exhibited a
significantly  Higher  Tg  (139°C}  than  the  stalo-ofthesart.  random
testing of the filry-itidicated that it had excéllent self-extinguishing charavteristics and was
compargbie 16 that 6f the state-of-the-art tandom copolyeatbonate/phosphonaté film,
EXAMPLE S

Symbesis of & Block Copolyearbonate/Phosphonate

[0085] into-a 250 ml three neck round bottor - Hask equipped with: & distilidtion
solumn and mechanical stirrer was plaged the: ,2;2'*b,ié(4»1;ydfgx:@i:eﬁyi)prqpqn; {bispheno}
A, 5370 g 0236 mole) diphenylcarbonate (33.70 .z, 0.158 mole) and 8 mg of sodium
phignolate (TPPOP) catalyst, “Thie tuixtare.was heated to: 250°C under vactum (150-200 oy
Hg) for about-2 honrs. Approximately 23.2 grof distillate was collicted during this step, At
ihis stage the blogk copolyearbonals/phosphonale exbitbitéd s vag = 104

[0086] The mixnure was subsequently allowed fo cool and methylphosphonic acid
diphenyl ester {234 g 0.094 mole} and 12 mg of TPPOP catalyst. which is a chemical
complex of {etraphenylphosphonimn phenolate and phenol Consisting, of about 70% and
about 30%.of sach, respectively (mup: 145°C) were added. The miNture was heated from
A noticeable, rapid increase in-solution viscosity-of the meitsvas observed aver the last hiour
of the: reaction. Approximately 29:6 g of distillate was coflected during this step. The pale
yellow, very tough polymer exhibited 2 Tg of 132°¢

EXAMPLE 7

Synthesis of a Block Copoljcarboniate/phosphoriite

10087] Into-§ 250 mL threé neéck round botiom flask equipped with a distillation
colurn g #echanica! stirrpd-was placed the polycarbonate (Makroloi 3103, nw = 129
1.30) (254 g 0.10. mols), methylphesphonic acid diphenyt-ester (95% purity, 5% phendd)
{26.1. g 0,10 mole), phenol (188 g.-0.20 mole) and 12 mg of tetraphenylphosphonium
phenclate (TPPOPY catalyst which & 4 chemical complex of -fetraphenylphosphonium
phénolats and phend! consisting of about 70% and about 30%.of each, respectively {m.p.
145°C). “The mixtiwé was heated under vacuim {about 500 mut. Hg) at 240°C for-3 hotrs:
Daring this- first step, the phiriol was iefluxing; bt not ity distilied from’ the. reattion
vessel. In the second siep, the fomperative was inereased. to 300°C: and the pressure was

reduced to about 1.5 mm Hi for a period of'6 hours. During this time a significant amount of
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distillate was collected.. In the fhind siep, the distillation column was removed and an
additional 12 mgof TPPOP wasadded: Thé reaction mixture was heated:to 300°C under-0.3
i Hi for 3 hours.

{0088] During e coursé of the entire-reaction 38.4 ‘g of distiliate was: vollesied.,
The amount of lght brownish product obtaited was 24.5 & The material exhibited a g =
1,18 and 2 Te of 126°C. The amount of phosphorus in the cupolymer was-2.85% by-wei ght..

{ﬁ(}@} tn ‘ordei to determine if volatile removal wasroomiplets, the thisd stop was
repeated ‘as follows; the product (23 g) dnd TPPOP (12 mir) were placed in ¢ 100 L. three
néok flask equipped with & disgillation colwnn and mechanical Mirrer.  The mixiure was
heated t0°300°C ‘under 0,1 mm He for'S hours. Additional distillate (2,21 &) was collected,
and the product (18.5 g) was slightly brownish and. noticeably fougher. The copolymer-
exhibited a n = 130 and 2 Tgof 134%C. The amount.of phosphoris iir the copolymer was
3.07% by weight.

[0090] A filwy was cdst from methylene chloride. and subsequently dried. "The film
was light vellow in color, A qualitative tedr test wasicondusted on the film. In'comipatison to
the Tilm prepared from the statesofthe-art vanidom copolycarbonate/phosphonales example,
this Tilln was noticeably tougher, In. addition, the film from this method exhibited 3
significantly  higher  Tg  (134°C)  then  ‘the  sfafe-ofithe-at  random
copdiycafbonam/phO'S‘phmia’m film (126°C) from the comparative method. Qualitative flame
testing of the film indicated that it had excellent seli-extinguishing cliaracteristics and was
gotriparable to that of the state-oftthe-art randoin copelyearbonate/phiosphonate filny:

EXAMPLER
‘Bynthesis of a Block Copolytarbovate/phosphonate-

00913 Into-a 250 mi three neck round bottomy Bask equipped with a distillstion
column and mechanical stircee was placed thﬁ:‘:pm}icarbonate'»{Makmien 3103, e = 1,29~
£.30) (50.8 g 0:20'mole), methylphosphonic acid.diphenyl ester (94% purity, 6% gihenol)
{13.19 , 0.85 mole), phenol (94 g 0.10 male) and 12 mg of feiraphenylphosphonium
phenvlate (TPPOPY cutalyst which. is a chermical 'compicx. Gf‘tetr&;ifzany?ph(wphonium
phignolate and phenol consisting of about 70% ‘and about 30%. of tach, respectively {m.p.
1457€). The mixiure was heated under vacoum {about 300 wup Hg) at 240°C fof 3 hours:
During this-fiest step, the phenol was refluxing, but not being distilled from the sfedction
vessel, fu the second step, the tomperature was increased to 300°C and the pressura was

reduced to about 1.5 mni He for a period of 6 hours, During this time a.siguificant amousnt of
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digtitlate was collected (30:27 g). In the third step, the distillation columin was sibseqiently
refnoved.and an addittonal 12.mz of TPPOR was-added. "The reaction mixtare wag heated to
300°C under0.1 mpa:Hg for- 5 hotss, - An additional 0.33g.0f distillate was:collested dining
this seeond heating’ stepi  The product was fght browsish and tough. Yhe copolymer
extiibited a0 = 121 and a Te of 134°C, The amotuit of phosphorus in'the Copolymer was
1.09% by weight.

{0092} A film was cast from methylene chloride and subsequently deied. The fikn
was light yellow in color. A qualitative tear test was conducied o the fifm. In comparisen-to
the film prepared from the state-of-the-art random copolycarbonate/phosphonates example,
this filin was noticeably iougher.  In addition, the filin from this method. exhibited a
significantly  higher  Tg  (134°C)  than  the  ste-ofthewst  random
copolycarbonate/phosphonate filn (126°C) of the comparative mgthod.  Qualitative flame
tez{fi:ag of the filey indicated thay it had excelient selfeexiinguishing characteristics and was

EXAMPLE %
Synthesis of & Block Copolycarbonase/phosphenate

{00931 Toto:a 250.mL three neck round bottom flask -equipped with » distillation
eoliithin and méchanical stirrer was placed the- polyearbonate (Makrolon 3103, % = 1.29-
130y 38.1 g, 0.15 mole), methyiphosphonic dcid diphenyl ester (94% putity, 6% phenot)
{1982 g 0.073 molel, phetot {141 g, 0,15 mok) and 12 mg of tetraphenyliphosphonitim
phenotite (FPPOP) catalyst which is s chemical complex of ietraphenylphosphonium
phenotate and phenol. consisting: of dbout 70%. and about 30% 0Of cach, respeciively (m.p.
145°C). The mixture, was heated under vacuum {about 500-mm Hg) at 2405C for 3 hours:
During this first-step; the phenol was refluxing, but not .bei’x;g distilled from the reagtion
vessel.  In the second sted, the femiperatire wak ereased-to 300°C and the pressuie. was
seduced 0 about 1.3 m He for a period.of 6 hours, During this tline a sighificant amotnt of
distillate was collected (31.23 g% In the third dep, ‘the distillation colurnnwas subseyiently”
removed and 4n additional 12 mig of TPPOP was added, Thereaction mixture was heated to
300°C under 0.1 mm Hg for5 hours and.an additional 2.56 g of distillate was.collected, The
prodact was light brownish and tough. The copolymer cxhibited"a fipg = 1,21 and 2. Tg of
136°C. Théamount of phosphoris i the copdlvier was 1:59% by weight,

{00941 A film was:cost Tropy methylene chioride and subsequeritly dried, The {ila

was light:yellow iy color, A qualitative tear test was.conducted on the filns. Th gomparison to.
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the. film prepered for the state-of-the-art timdom copalycarbonate/phosphondtes exaniple,
this: film was noticeably tougher. In addition, the fibm from this method exhibifed a
significantly  higher  Tg  (136°C)  then  the  swfe-ofthe-art  random
copolycarbonate/phosphondte film. (126°C) of the-comparative method, ‘Qualitative flagne:
festing of the film indicaisd that # had exceflent selfextinguishing chatacieristics and was
comparableto'that of the state-of:the-art randomn copolycarbonate/phosphonate film,
EXAMPEE 10

Synibests of 2 Bloek Copolycarbonate/Phosphonate

{6095} Into 12 L f:;cactor equipped {a;i‘ﬁ;‘;a. distiliation celums and mechanical stirer
was pléc’e’d the 2,2-bis-(4-hydroxyphenyl) propang {bisphenal 4, 1028 ke, 1747 molj,
Diphenyl carbonate {818°g,3.82 mol) and 600 rog Sodium phenolate (NaOPh) catalyst. The
mixiare: was heatéd to 250°C inder vasupmi (150 — 200 mniHg) for‘about 1.5 hours. The
myixfure was subseqaently allowed to cool and methylphosphotiic acid diphenytoster (3697 g,
14.91 mol) and 900 mg Tetraphenylphosphoniam. phenolate (TPPOP) catalyst which i a
chemical complex:of tetraphenylphosphouius. phenolate and phenol consisting of sbout 70%
and about 30% of each, respectively {m.p 145°C) were added. The mixture was heated ffom
250 to 300°C while redycing the pressure froin 150 to 1.5 min Hyover about 1610 16.5 hours
fast hour of the reaction.

{80961 Approximately 3465.7 g-of distiliate ‘was collecled over this dourse of the
reaction.. The pale yellow, tough polymer exhiblied a nrel = 1.33 and-a Tgof 109°C. The
percentage'éf phosphorous in this polymerwas £.09 %.

EXAMPLE 1}
Synthiesis'of a Block Copolycarbunate/Phosphonate

0097} Intty 12 L. veactor e'quipped?'wiéx a distiliation columi and reechanical stirer
was placed the 2,2-bis-f4-hydroxyptienyl) propunie (bisphenol A, 4.028 kg, 17.67 mol),
Diphenyl carbonate (2812 & 13.14 mol).and 600 mg Sodians pherolate. (NaOPh) catalyst.
The. mixtare was heated to 230°C nnder vacnum {150 ~200 mmiHg) for about 1.5 hours. The
mixture was subsequently allowed to cool and methylphosphonic acid diphenyl ester (1396 g,
5:63 nyol) and ;90{}7 mg Tetraphenylphosphoniom phenolsie (TPPOP) catajyst which is a
chetical complex of tefraphenyiphosphonium phenolate: and phengl sonsisting of about 70%
wid aliout 30% of .eaoh,.i‘esgeefi;weiy {mp 145°0) were.added, The:mixture-was heated from

250°to 300°C while rediicing the pressure from 15010 1,5 s Hg over dbidut'9 hours period,
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A noticeable; rapid incréase in Solution viscosity of the melt was dhserved over the fast hour

of the reaction,

{6098 Approximaiely 3656 g of ‘distilste was coliected over: the course of the
réaction. The pale yellow, fough polymer exhibited aniel = 1.23 and 2 Tg of 129°C. The'

percentage.of phaosphorous in this polyiner way 3.37 %.

[8099] Although the present Invention has been described in-considerable detail
with reference fo cortain preforred embodiments thereof, other versions are possible.
Therefore the spirit.and scope of the appended clafms should not be limited to the.description.

and the preferred versions contained-within this specification.
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J. Claims

onate/phosphonsfes

- bamb
>

A rnefliod of prepiaring blogk copotycatby
eomprising:

obtaihing 3 predominaiely phenol wrminated ofigocarbotiate; and optiomally free
bisphenol, in a first step; and

reacting. the, predominately phenol’ terminated oligovarbonate, and opfiondlly: free
bisphenol, with an-alkylphosphonic acid disrylesier.at an elevaled temperature under reduced
pressure ina melt fo-make a block copo’iycarbenatefphosphonaté in a.second step.

2. ‘Themethodof claim 1, wherein the elovated temperatare aod reduced
pressure of the seoond step are such that volatile compuonentsare removed.

3. Themethad ofclaim 1, wherein the.method frther comprises reasting
a potiicarboruite with 4 phenofic compownd under conditions such that.the phenalic
compourid is refluxing but is not removed to. obtaii the predominately ﬁlwmﬂ tetminated
sligocarbonase and optionally free bisphenol,

4, The method of ¢lain 3, wherein the phendlic.compound is phenot,

s, The method of claim 3; wherein the step of réacting the polycarboenate
with the phenolic conipound ocours in the presence of the alkylphosphonos acid dizrviester.

6. “The method of claim 3, whersin the phenolic compouid is provided at
a molarsatio of abont 0.1 to sbout. 5 of the polycarbonste:

7. The method of claim 1, wherein the method further comprises reacting
diphenyl carbonaie, a molarescess of a.bisphenol, and a fransesterification catalyst at
elevated temperature under reduced pressure in.a melt 1o obtain the predominately phenol
terminated oligocarbonate and optionally fiee bisphenol. |

8. The ethod of claim 7, whersin the bisphenol is.2.2-bis(4-
hydroxyphenyljpropane;

9. “The miethodof claim I, wherein the alkylphosphonic acid diarylester is
wicthyiphosphionic acid diphenylester.

10..  The method of clain 1, wherein the alkylphosphonie acid darylester is
provided at's malar ratio of frow abott 0.1 to abows § of the predominately phenol terminated
oligocarbonate.

¥1.  The fiethod ofclaim :I_;, futthier comprising providing a

transesterification catalyst.
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2. Themethod of claim 11, wherein the fransesterification catalyst is
selected from sodiunt phenolate, tetraphenyiphosphonium phenclate, or.combinations
thergof,

13.  Themethed of claim 11, wherein the ransestefification oatatyst is

provided to prier 1o the.step of teacting:

4. The method of laim 11, wherein the transesterificafion catalyst is
provided during the step of reacting:

15, The methiod of claim 1, wherein the preéoni‘inateiy---pﬁm}‘o‘f erminated
oligoearbonate s sefected fromn Hogarol géoarh’ahatesi branched ol gocarbonates, and.
cotubinations thereof.

16.  Themnethod of tlaini 1 wherein the predemindtely phenol terminated
oligoearbinate has: relative viscosity () of ffom about 1,02-fo-about §,18.

17.  The method.of claim 1, wherein the slevated temperature and reduced
pressure arcamaintained fromyabont 0.5 to abeut 24 hours.

8. The method of elaim 1, further comprising the step of heating a.

......

19, The method of claim 1, whersin from about 8:1% to about 10% by’
weight phosphorgs is- present in the block copolycarbopate/phiosphduate,
. Themithod of Claim 1, wherein from abost 0.1 1o about 5% by weight
phosphiorus is.present ia ths block copolysarbonate/phosphonate:
21. A method for preparing blogk copolycarbanate/phosphonate
comprising:
reacting.a polycarbonate, a phenolic compound, and an-alkylphosphonic acid diaryl
ester in g Hrst step under-conditions. such fhat the phenalic s:umi;,,aupé is refluxing but i not
removed fora first time period; and
reacting & mixtuse resulting from the Grst step abclevated fsmperature under redused
pressure such that. volatile. compounds are removed for o second time: period to make the
block copolycarbonate/phosphonate i a second step.
22, ‘Themethod ofclaim 21, wherein oligocarbonates are formed in the
first step.

23, Themethod of claim 21, whereth the phenefic compound is phenol.
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24. The.method of clair 21, whertin the alkylphospbonic acid diary! ester

is methyiphosphonic:acid diphenylester.
‘25, Ablock copalycarbonate/phosphonaies prepared by a:method.
comprising:
obtaining 2 predominately. phenot terminated: oligocarbonate and optionally free
bisphenol in.a first steps and.
bispheno! with-an afkylphosphonic acid diarylester at an elevated temperature tider reduced
pressare in a mel 16 make 8 block’ ci}po:chaébonateiﬁhcvsghnnate it &-second step.

26..  The block copulycarbondte/phosphanate of claim:25, wherein thse
elevated tomperatute arid rédbced pressyre.of thy secohd step ang such-that volatile:
compohents are removed.-

27, The block-egpolytarboridte/phosphenate of claim 25, wherein the
method further compiises reacting a dipheny! carbonate with a nrolar excéss'of bisphawol 16-
obtain the:oligocarbonate and optionally-free hisphenol.

28, The block copolycarbonste/phosphonate of elaim. 27, wherein the:step
temperature and reduced pressure..

29. A block copolycarbonate/phosphonates prepared by a method
comprising:

reacting diphenyl carbonate and a molar excess of “biaphenol to obtain &
predominately pheno ferniinated oligocarbonate.and optionaily-.ﬁe;z his;ahenol in o fivst steps
and
reacting. the predominately phenal terminated oligocarbonute and optionally free
bisphenol with an a'l'lc;}{igims;ﬂwnic‘acid diaryl esteiat dn elevated tempetature under reduced
30, “The block copolycarbonate/phosphonate of clainy29; whereir the first
Step octurs sl an-elevated temperature wiider tedoged UGN

31. A block copolyeinbonate/phosplicitates prepared by a thethod

comprising:
feactinga polyearbonate, 2 phenolic tompound, and an dlkyiphicsphonic acidl diagyl
ester under condifions such that the pliendlic compoinid is fefluxing but Is fot removed for a

first tine period in a first step; and
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redgting a mixture restfting from the first step af an glevated temperature onder
redviced pressire such that volatile eo;hpoﬁ;ads are-removed fora second-time period fo make
the black copolycarbohate/phosphonats ina second step.

32, A polymer blend or mixtore, compfising:

-4f least one block gopofycarbomate/phiosphonate prepared by.a method comprising:
obtaining a predomipately phenol terminated oligocarhonate and optionally
free bisphenol in -first:step; and

reacting the predominately’ phenol terminated oligocarborate with. an
aikylphospheniv acid diarylester at an elevated température under feduced pressure in amelt
to-make & bicck copolycarbonste/phosphonate in a second step; and

-at-least one:other polymer to'make.a polyimér Blehd or mixture.

33, ‘Ths polymer blend oficlaim 32, Whirein the step of obtaining &
p:edcsminat’ely‘pfzez'mi'temﬁnatéd:‘o-}‘i gocarbonate and optionally free bisphéenal comprisés
feacting a polycarbonate with a phenglic compotind under conditions such that the phenolic
compound is fefliking bt is not removed to oblain the'predomisiately phenol terininated
ofigocarbonate and optichally. free bisphenol. '

34, The polymer blend oficlaim 32, wherein the siep of oblaining a
predomindtely phenof ferminated ol izocarbonate and optiopally free bisphenol comprises
reacting diphenyl carbonate, a molar excess.of'a bisphenol, and & transesterification catalyst
at elevaied femparature under reduced pressure in.a melt to obtain the predominaiely phenot
{erminated. olicocarbonale and optionally free bisphenol.

3%, The polymer blend ormixfure of claim 32,.wherein the other pulymer
is selected from polycarbonates, polyacrylates, polyacrylonitriles, saturated and unsafurated
polyesters, polyamides, polystyrenes, high impact polystyrenes, polyurethanes, polyareas,
polyepoxies, poly(acrylonitrile butadiene siyrene)s, polyimides, polyarylaies, poty(arylene
cthen)s, polyvothylenes, »;i‘;(}l-y;u'(}‘g_\fien es, pdiyph'ei;y] ene salfides, poly(vinyl esterls, polyvinyl
chlorides, bismialsinide polymers; polyankiydrides, Hiquid crystaitine polymers, polyethers,

‘polyphenylens oxidés, cel sziés“e'p@§§&ne1‘sk..'anc¥<':¢bn}§inzzti‘on thereot.
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