; e3eAa@\| . 6T@1 Cctober 2002 5 BRANCHED PCOLYCARBONATE PRODUCED BY
REACTI VE EXTRUSI ON 10 BACKGROUND OF THE | NVENTI ON Field of the Invention
The invention relates to pol ycarbonate resins and their usd Qctobar2802g
articles. Brief Description of the Related Art 15 Aromatic pol ycarbonate
resins are a well known class of synthetic polymeric resins, generally
prepared by the reaction of a polyhydric phenol with a carbonate precursor;
see for exanple U S. Patent 3,028, 365. Although such resins nd
to be thernoplastically noldable under a broad range of nol dqmmmmmmmmm
only sel ect polycarbonate resin conpositions are 20 useful

bl ow-nolding. T the uni que requirenents of a therm)p?asfl C
resin for bl ow ;\mu mlmmm‘ ‘mtl ons; see for exanple the requirenents for the
branched pol ycarbonaj g, kesi ns described in U S Patents 4,286, 083 and
4,621 ,132. The branched pol ycarbonate resins differ from rmst t her nopl astic
polyners used for nolding in their nelt rheol ogy behavior. 2 5 Most

t her nopl astic polymers exhibit non-Newtonian flow characteristics over
essentiall§ all nelt processing conditions. However, in contrast to nost

t hernopl astic polyners, certain branched pol ycarbonates prepared from

di hydri c phenols exhibit Newtonian flow at nornmal processing tenperatures
and shear rates bel ow 300 reciprocal seconds. 3 0 Newtonian flow is defined
as the type oBRANUHECCPOLYCARBONATERRODUGCERBYWREACTINE EXTRUSIONhear is
directly proportional to the shearing force. Two other characteristics of
nol ten thernopl astic ners considered to be significant for nolding

oper ati ondOar A@GR@E@&% Birength. Melt elasticity is the
recovery of t?ﬁe bp&{ellﬁva{}ﬁﬁgy stored within the melt from3 5 distortion
or orientation tﬁe nol ecul shearl stresses. Melt strength may be
sinmply descri bed a Wef‘@ﬂ%é palycarhozatesiesing angeirusain ghe 1
Cct ober 2002 articlesability of the melt to support a stress. Both of these
characteristi t sion blow nol ding, particularly in
fabrication b;i; ﬁ%ﬁ%ﬁhb c%irzm O@&ﬁ\éﬂof relatively large articles.

Non- Newt ob$ an’ f | owAtematie pelyranbopatetresins are 2 wghknoven clast efsynthetie and nel t

strength to p?b riebing, gnkeRiliy\sre aﬁeﬂ%itﬂé&@a&ﬂbrp&f%‘gg? 4R e hadgli cation.
In the conven nal Io 7ol di n rati buﬁ oft ned
pol ycar bonat e " H%’S‘/a 58’%‘%@% 9’é?’f4reglleq{r ftgng3

udat e
i s then pressesuchuesins haee beéxdfoundftafbesthmd»plastivaﬂy&uoldabli La&ltrfalbwad us ual |y

desi red physi 22 aract‘%%‘*t.cs bt"’i%&m?%t%ﬁgﬂst%%f RePARaB kT o,

be achi eva@l bySéul blaw-gnolding: cthis e@mmeqmnpotmfa bonate. For
exanpl e pol ycat&ewl&n&eésumfomawhﬁo 656@6&&.«.@@@&%&151&%& etraphenol ic

d h % Pat e 7 99 (Mark
ot B S bue FesuErmes BB e brAneBEd PRlypttiale resine desiuted ndd S BifREn( |y,
branched resi |4286;,08;?ymd1é,6217,&2 Tﬂt&brpnch&dpolyt&rbsha&ngsm dﬁﬂen&mmmﬂty |s

%L?idngg mgﬁwydﬁtﬁa e e saw'#g |C§F“géﬂgg?grgg%‘éu d be

achi eved 3§ r &P}ﬁﬁﬁf el ewama@ﬂmchm@mmwepr ocess
Ippof)g(r:'?l Zssggeﬁsﬁgﬁc rrent 1lo\*iéastsl c%hﬁﬁbrw t Hﬁéﬁrﬁuﬁoggg?eﬁ%éﬁgym hesi s.
This latter s $harmo: %ﬁ%" ‘Eﬁ'\'@b‘hg gﬁ‘g S’ﬁéﬁ%q%es ﬁﬁ?“eg gg’

"of f speci f i cadilgri h&xhﬁbﬂammﬂmamnﬂmq&aceismgdmpbmsar e not

ﬁifﬁghaéfdtwe&ﬂd Q%ﬁ?m VSl S et s T O e a 0
pol ycar boB@te resi Nepﬁgmﬁommade&mdashheme@éﬁwrwbcaxmngmqaénquxdml ecul ar
wei ght, Vvia r gpdbh\ehd$ %é‘?dt@stl@&k&df&t@ﬁﬁé‘oé&ﬁﬁ’ot@&ltgﬁt s%g%res a

| i near pol ycarbon e r n. wt f nchi ng agent
alppr opr Pat g cat al yS¥ 'greqhvgra tensuség of molten tftermo;':l tic golymers considered
to be significant for molding operations are melt elasticity and melt strength.
Melt elasticity is the recovery of the elastic energy stored within the melt from
35 distortion or orientation of the molecules by shearing stresses. Melt strength

may be simply described as the tenacity of a molten strand and indicates the



SUMMARY COF THE | NVENTI ON 30 The invention conprises a process for branching
a thernoplastic, |linear, polycarbonate resin, which conprises; providing a
| i near pol ycarbonate resin; honogeneously m xing with the liQvédher 2002

pol ycarbonate resin, a branching proportion of a pol yunsaturated

pol ycar bonat e branching agent; 3 5 and heating the m xture in the presence
of a free-radical initiator to a 1 Cctober 2002 -3 tenperature range
sufficient to effect branching of the Iine%: pol ycar bonat e resin.

Advant ageously the branching agent has a st ucture within the scope of the

f | 1) infra. ly_ the b hj ti I, ffected b
ol text ¢ usi Uy R ERR FH BB g b RO B kst EBRAERNG e or oducen
by the processmyortand in extrusionrblewenoklifg) pabtiovarty linl éliricaties by extrusion

h teri zed-iQ- . . t WARAE
Qner - advant adiOyaRCRY of feIf0AD iaeeReiles! BRAI A ol Bafiinii -
branched pol ydendtminparsmelt elasticity and meltsirarigth tapelymass thus allaayipgi cat i ons

such as prafi lige&¥sé 1S bRIw dAdirabRsig{ W re and cable insulation,
ext ruded bgrs,ﬁfﬁp I ber Op]t:\iffih uffer tubes, and shget g; bl ownol di ng
'

s, f ) :
(for exanple of coﬁ%‘:ﬂ‘ﬁ&‘i’%"eﬁmﬂ’ w-mplding pperation. Griybe &af or
applki Cati)ons dsdéﬁtﬁn@dipfbly‘fﬁﬁf. cmat}etﬁersﬂrfilﬁ;@nbleeels&ami;c d@afve@ﬁ@hu;angffmtgdeﬁ‘hects
packages);, an I mn r X e U oLl ve ext erl or
Dol foatt one. cirieatee i Bfkessed unfd i Culites TR ¥ Bresitbad bas flow 4
Enbodi ment s Of(udtedly aiv on inerhgay)eshaping thedwap-saftenshresin. advant ageousl y

branched ggcor di ng th@rhfifee2tte désHelhyfcal ﬂ%:&&!ﬁéﬁés% alGwiRbldabrown
synt heti c pol yners g are the mj)t hogs “of thelr preparation. Pol ycarbonate
resins (IinearPolGRIDPRRIP reS{BCAB Pese Veﬁéygf%hﬁt@mﬁ Res ¥eight or

pol yneri zat i orbrahéhedepolytarbonates %rfeﬂmgx@pmymbﬁat@&bﬁhs Garpb@bidieHed n t he
U S. Patents 3, 028, 365: .§1t3 4,.154:..3, 275, 601

3,169, 121; 3, (971" A Rl PO A 0T B Plr e SSRHIRPTN o
by reference tUSrBatent 4,474,98(Mprk etcals) b Dwatte bettet perfogmahderthe hadtepisncess of
e, L e 0 Bl R ¢ s T ol e Dot
strength and viscosity is obtained by controlling the molecular weight and the
branching level. It would be highly advantageous if the same rheological
behavior could be achieved by reacting a linear polycarbonate, during the
compounding process in such a say that a polymer is obtained with same
20 rheological properties as the currently available branched resin prepared by
synthesis. This latter synthesis is time consuming and expensive. Any "off-
specification" material produced is wasted. These disadvantages are not
associated with the production of linear polycarbonate resins.
By the method of the present invention, we were able to produce a
25  polycarbonate resin possessing a certain degree of branching and molecular
weight, via reactive extrusion. This was achieved by melt extruding a linear
polycarbonate resin with a specific branching agent and an appropriate
catalyst system.
SUMMARY OF THE INVENTION
30 The invention comprises a process for branching a thermoplastic,
linear, polycarbonate resin, which comprises;
providing a linear polycarbonate resin;
homogeneously mixing with the linear polycarbonate resin, a
branching proportion of a polyunsaturated polycarbonate branching agent;
35 and
heating the mixture in the presence of a free-radical initiator to a



-O DDOC(Il) 5 wherein Dis a divalent aromatic radical of a dihydric
phenol enployed in the pol ynerization reaction, which conprises the
reaction of the dihydric phenol with a carbonate precursorl.Oqtﬁbeeré)Qgti on is
wel | known and is described for exanple in the U S. Patents 3,028, 365;
3,334,154; 3,275,601; 3,915, 926; 3,030,331; 3,169, 121; and 3,027,814. 10
Al t hough the reaction conditions of the preparative processes nay vary, the
interfacial polynerization processes typigcally involve dissolving or

di spersing the phenol reactant in a suitable water inm scible sol vent

medi um and cogirifetatse rdifre SuEfitiont ® éﬁéchbidﬂ@hﬁfg{&%aliﬁed}rﬁﬁyb'a?%naté uch as
phosgene, in the presence of a suitable catalyst and an aqueous caustic

sol ution unde®"s controll ed pH conditions. The nost commonly used water

i mm sci bl e sol ventAdvarchgelsushy the/branchingl agentihas a structurdwithivetheaospe

chl or obenzene he |ike. The catal yst enpl oyed accel erates the
rate of pol yn%frtpggqq?‘g@ac@%' di hydri c phenol reactant with the carbonate
precur sor.5 Repr eséehdvaritagecusly the Brapchingiraadtioneds leffectad by maalt éxtrmisierdof o
tertiary am ngs nSivaikeds triethylam ne) quaternary phosphoni um conpounds,
guat er nary anmoni um conpounds, and the like. The preferred process for

preparing pol ycar Jdwedranched palys texesins pradyesday the precass pbthe The

togrmterat gre Q%\v%ﬁgdihaﬁé%S Teﬂ.’il(lﬂﬁﬁﬂﬁhblc%&blé &%ﬁﬂ?ﬁr&&@@&?ﬁ&-%&b’byaﬁy f 3 om Pel ow
, to above . e sgena reactign prefera roceeds a

t enper at ur es %&@?Qﬁﬁ%%&fﬁ%%ﬁﬁi&gﬁaﬁéﬁgﬁGé‘;}:fflg%;é}gﬂ‘ﬂg:‘ ctf ionis

exot her miQ) tpreperties wi i Wi ched pe hteprodyctsef used to

control the rgactiQn. : : i jol |

general |y dept@%&“te%ﬁ*ﬁﬁ%%%%‘*‘u%‘?aﬁ“ﬁ*@?ﬁ?ﬁ&aﬁ% pRiE SapRiof ik bolinlle,

ment i oned abo¥evire aad s3blsdnsulpfion.extruded, %/vﬂ?ép?-‘b 1hex eptiq hutteztgbes, and

desi gnat es t hgheglis) dl@Rmaldipafortexantple df comtaineds Avdl cars, phianks,used in the

preparation of ea i.near . polyc ﬁ‘? ;m’%u féi g!bpof SQ of the dihydric

bhenol s t hat wemgﬁhzﬁ%ﬁrs%@g&a% g e £§P2f k:ﬁ'p%é%%ﬁsa%*ﬁersen 1s(4 3 5

hydr oxyphény| gronnad leéects pacRages);sand thettpdrasryng (ior ekgmplead pujgmotivne, 4, 4'

1 Cctober 20 5 rtyﬁ;é p < t ane,

2,2'-bis(4-hy rt%r% , ﬂ’éflgﬂf %ﬁ%fﬁgﬁgﬁ%@ne, _ _

2, 2' - bi s( 4- hyldetgiléd @,escw%%ﬁ?éﬂm?éﬁm% opane; di hydric phenol ethers such

gshbi(js(4- gydng@@,l 'mér}tﬁmqrhe Ihivéﬁ;ﬁc’ﬁ)' di chl ozp-ghyq[]oxyphegyl ) et hFr;

i hydr oxydi phenol s,such _as - i or i phenyl .

di hydr oxyaryl sul f%’t?@?‘?ﬁ&?&é’%ﬁ"?@ %‘8‘?‘3&%%8%’3‘? r)axgrtﬁd;%ﬁo, ng {0 the

bi s( 3, 5- @i0net prpress-ofi yhie nveptionyars swellknown synthdtio polymezreasare theich as

resorci nol agﬁe{m%gguilé]ppgépﬁgﬁgm and al kyl -substituted di hydroxy benzenes
such as 1, 4- 2, 5-di‘chl.or gbenzene, 1, 4- di r oxy benzene; and

I hydr oxy- -3met h
di hydr oxy di phenylpoﬁﬂarrpﬂ’é%te&ﬁﬂn% ime3x) ands Eéﬁe%%ﬁ preparatxoxlby
bi s(4- hydr oxyipbefirial polythesieatiortak wéld khydnpseatoe sydmplethé dataile. A variety

Pat Nos. 2, oyoussd B IPERACAG Pt s 191 8 PSR SR8, DOCT M ared
herei n by Sr efH03A33; 3,169,121; 3027:834s and 4,388,814 al afowhiclpaxejincanporatedor e

di fferent di hy, H'nq,gp‘t% hee Herdtoconbi nati on of a dihydric phenol wth
glycol. 15 Preferréd ‘:&% d |EH l'Egtenol_s of Fornula are e 4,4 ;biésrphenol S.

:
The teen "pol ycar ﬂdﬂ%’d’&é{ga’ QBASTEF DS NSES ILINEPIORESS @ gntion are

copol yest er - pRking eohainingrepeating of ftufring\polykarbomatd uhitsiof akkfdriruba:t o
recurring polycarbonate chain units of Fornmula (I1) 2 O given above,
wherein D represents the divalent aromatic radical of the dihydric phenol
repeating or recurring carboxylate units, for exanple of fornmula: O




25 RB CO (II1) wherein R3 is a dival ent hydrocarbyl ene group such as an
al kyl ene, al kylidene, or cycl oal kyl ene group; an al kyl ene, al kylidene or
cycl oal kyl ene 3 o group containing ethylenic unsaturation; ldctehesafd2 c
group such as phenyl ene, biphenylene, and the like; two or nore aronatic
groups connected through non-aromatic |inkages such as al kyl ene or

al kyl'i dene groups; and a divalent aralkyl radical such as tolylene,
xylylene, and the |ike, The copol yester-capbonate resins used in the nethod
of the invention 3 S include sone which aré generally well known. In
general , they are prepared 1 October 2002 -& as described above for the
preparation of polycarbonate, but by the added presence of a difunctional
carboxylic acid (ester precursor) in the water imm scible solvent; see for
exanple U S. Patents 3,169, 121 and 4, 487, 896 jncorporated herein by
reference thereto. 5 In general, any difuncti%nal carboxylic acid

(di carboxylic acid) conventionally -us@dDmrQ-+€-preparati on of |inear

pol yesters may be utilized in the preparation of the Iineﬂ{

copol yester-carbonate resins branched by the process of the instant

i nvent i on. 5 GervehezrinD is p divalentaromatigra ﬁﬂlblfMlhﬁd% phenqksmaployag i the
utilized incl Eﬁzﬂhorpmtneﬁ,qﬂmbn&uﬂn is8¢ tHereadtith Gf thERhydri®phéndloxyl i c

acids, and th |c arorratlc rbo (| ic ac Thes | ds wel |
known and are"\ﬁ‘?}éEF @‘ﬁb‘gfh?‘ﬂﬂm’a‘a’fg@aacff b‘%ﬁ’&'h is
her eby i ncor pexatnple heuhethanten@érOQB;SéS R, Eded 075,60k 3;9I‘15,s‘2126h

di functi onal %%%@ﬁld?{l&%ﬁﬁbﬂmm I onal carboxylic acids of the

formul a: HOOC R3 has the neani ng previously
ascribed 19 it. Prdflthough thereactionsanditionsiofthe preparative pogesseL@ANr e t he

aromatic di Cargpy xhe ﬁltéﬁla@ial % %tet&uh@ﬁ Yodé‘éﬁfs @£W¢&v@dﬁgélbﬁi®’6ﬂ °

d th th R4
wherein | |s°§?§éf§ b7 S L R e it i

i ncl usi ve; andnda:ohtd%&ngsthe netetentsiwith the satberaedprfecarsot, b‘ﬂcblasphosgnm sting
of alkyl " adi gl RS Gl o LRIt AR R3o LHOBALN A Ll 1 10

about 5 carbon res of t tiona |c aC| ds may
be enpl oy&8 aSOBﬂ'QnWé PH egnditiags. Thcnast comapaiyoised Wnter m&clblé

di functional galveatdintiideGh é&\?@eﬂe%ﬁrbrizﬁr Q}ltuxtmoréem@n@emwdsézﬁeﬁ@d t hat
this termlncl es %%r two or nore different difunctional

car boxylic acit rndlvidual carboxylic acids. Mdst preferred as
aromati c dicar boxyfI'he catalyist employesbapdeelesdties thecrate of:iﬁblymeeqzhhbe theaci d, and

I Xt th Mt id
?o)r(rplrjlris aein%{%crlét gﬁéﬁdl%%ﬁﬁﬁ ﬁi%%:?raném?é& ?+1al [ cDQam 1C|Oct ober
2002 whek8i ncatadysteinghude tﬁﬁafe@ptkm@gwpﬁ%nhasym@p&wch%m@qhﬂMU dis

in the range QuuatdrAf#yep Hw hb@uﬂmfcarr@é%as, &t&rﬁxy B@&ﬁtﬁﬁuiﬁ@hp&dﬂdg ing the
dlfunctlonal carb x Cld netlnes even
br et orr ed. ¢ o SBAIREYken JAE EIEERFd HipsesH fon RDagnE polycarbonale Fesira

comprises a phosgenatxon reaction. The temperature at which the

phosgenation reaction proceeds may vary from below O°C, to above 100°C.

25 The phosgenation reaction preferably proceeds at temperatures of from room
temperatures (25°C) to 50°C. Since the reaction is exothermic, the rate of
phosgene addition and solvent reflux may be used to control the reaction
temperature. The amount of phosgene required will generally depend upon
the amount of the dihydric phenol present.

30 As mentioned above, the symbol "D" as used in the formula (II) above
designates the divalent aromatic radical of a dihydric phenol used in the
preparation of a linear polycarbonate.

Typical of some of the dihydric phenols
that are advantageously employed are bis-phenols such as bis(4-
35 hydroxyphenyl) methane, 2,2"-bis- (4-hydroxy-3-methylphenyl)propane, 4,4'-




5 said acid. Illustrative of these reactive derivaties are the acid
hal i des. The preferred acid halides are the acid dlchlorldes Q BS aci d
di bronmi des. Thus, for exanple, instead of using |sophthaI| 20
terephthalic acid or m xtures thereof, it is possible to enploy

i sopht hal oyi dichl oride, terephthaloyl dichloride, and m xtures thereof. It
shoul d be understood then that the term 10 "di functional carboxylic acid"
as used herein, includes the reactive derivatives. The proportions of
reactants enployed to prepare the |inear copol yester-carbonate resins will

Th
Skl ed in tnERERyErbay pREILBERREE, 2oeigu o SSRLETE O Tbed 1 n the
U.S. patents MBY})EEPR@ea%gv@s(*h}’@'@ﬁﬁfﬁdlhrﬁmoapbewl)m‘bp&h@ dikydyic bonds
may be from a%uhoﬁemer@mﬂtas%%(m&ar&?g Jhethif, %ﬁsg'@ alf&l by about 35 to

about 84 nol e percent tiv car nate or exanple, 5
nol es of bi splh'é’ﬁé‘l’xm’he@é{g@% @bﬁa-}"éﬁ‘}’é*w eRolgsue r%éf’é”s‘déﬁ Prohf't hal oyl
di chl ori des andiiHyd@xx§biphenih diileyd salfdﬁesesuempwasn rokyBhémyiponat e of

bt epar ?ngeééf”%?%%ﬁm@@ 9@%{’% Brf FORE l?frt@%a?fa‘%%%fw 'a?t?negf%%ﬁé’? ¥is
general | y addesresorcinel a@hyquumonaahalqalandralkyd-substdutem@pmyﬂeox;«ont acting
wth a carbonghg,dy deﬁfsuﬁﬁggmt&gy S-Cdiél%rcﬁﬁhé’é?{e i@g-]uh?&ﬁfx?é nclude, but

are not 251limte enol s suc hen
par at er t i ar ybasthpihenaene; gne ¢iysbies &IPB‘FW sHEides R’é sybiexides siech ﬁsor t he

con: r 0: | oo mtorlt: drowyidiehy I:)Isﬁtlﬁ@é And asswh ardxgph@ﬁ)n ambxi%@dAfmle A
controllin ecu Q an chi, o en
resins useg i} ? Hg t}ﬂ’@igm %ﬁ&%"ﬁq‘) %q%ﬁg@&ﬂ‘g %ﬁdf‘ﬂga%r ocess of
the present i PatMosod99%83y; 3028569 aagérit53@98,c§bmfwvthehl aad)xmerpca'ated
homgeneous! Y it Biteldieddd® It isNGAlouIRY e&?ma%ﬁl & tblo b it Ridiened

Admi xt ur e rray the ai conv nt1 onal resin m xi ng
apparatus, in M%‘@PB’E@ ﬁB’c’ a F?rrﬁbﬂl&j‘lqup drif Bh%FI‘Olr‘téléh Blyeet-r uder s

equi pped {9 m x twprefetreddiRydri€phéndlBbeFomhgla 3 5 dry mixers and the |ike.

The solid resins na%‘*%}‘% xed before introduction into the extruder.

1 October 2003 the Eg proportion of the branching agent will

depend upon the d@heitexm polycanbonate" deusedeberainds also inclusize 0bf branch sites

avai |l abl e. g | i near
%&?Eﬂer fowglét?&% s, fe 1rdsthsawhRc6&Ein ﬁ‘?’a%cﬁhgﬂrto cuhl?ﬁ%

pol ycar bonat e, nchl n%froportl on o anchi ng agent
resin. Br anchPﬁ aéee%aeammw keEm&i (MDnear pol ycarbonat es are
general | yzgwel d@irmrbbuenwhbﬁemn re esthieldivaleft bmatie hadigelifihar e t he

pol yunsat ur at cl assed as pol yacryl ates and pol ynet hacryl at es.
Represent at i vgﬁb‘?&gpﬁgacrﬁyl ate and pol ynethacryl ate conpounds and ot her

or gani ¢ conpouepratingdnrecursing carboxylateatdts: forfesamplecpfchimyla: i near
pol ycarbonate resins are those of the structure fornula: R ~~2)re

QCC-_~Z R(CH)m'~=CH2 IR _or R n \Werein Rrepresents an organic
moi ety, R represents hydrogen S et hyl, mis an integer of fromO to 2
and n is zm integer of from2 tp 4. IITustrative of the conmpounds of the

formula (11) are: D vlnyl b@nzen% ( DVBb Triallylisocyanurate (TAIC)

(1)

wherein R3 is a divalent hydrocarbylene group such as an alkylene,

alkylidene, or cycloalkylene group; an alkylene, alkylidene or cycloalkylene
30  group containing ethylenic unsaturation; an aromatic group such as

phenylene, biphenylene, and the like; two or more aromatic groups connected

through non-aromatic linkages such as alkylene or alkylidene groups; and a

divalent aralky! radical such as tolylene, xylylene, and the like,

The copolyester-carbonate resins used in the method of the invention

35 include some which are generally well known. In general, they are prepared



Il.lustrative of the conpounds of the forrmula (1 ) are: Trinethyl oi propane
trimethyacrylate (TMPTMA) of fornula: -CH2-C(~2i 0C~--C-2)3 )~ CH3

Et hoxyt at ed Bi sphenol A diacrylate (BPADA) of fornula 1 1Qxtotee 200002 -g
Trimet hyl ol propane triacrylate (TMP' 1" A of formula

ClA-CHZ-C(CH2-O- CO-CH=CH2 ), Pentaerythritol triacrylate (PETA of formula
HO CHZ-C(CHZ-O-CO-CH= CH2)a ), and 5 Pentaerythritol tetracrylate (PETTA of
formula C(CHz-O CO-CH= CHZ)4 ) The thernopl astic nolding resin conpositions
of the instant invention may al so be adm' x?&T wi t h vari ous commonly known

and used additi v or, exa xid nt i stati¢,agents;
inert filler s@ es&'gl%ﬁaég&e {ogt{;e Pt al’f‘?’?:‘?}’ Oédl?fﬂ na'ifr A Bli‘%?&il i ation
absorbers suchg?@eﬁ@oﬁmdﬁmqmmbmbox yieraid (estezr Precurser) dn the whitdee

3489, 716, 4, 198 AN B b BB O &ﬁ lebfe %i?}#%@m%@#ﬁf B herein by

ref erence; col mcosptmatdd he;‘em bylrefierence theretpganophosphi tes; ther mal
stabilizers; such asy ease
3% ne meth gﬁé&fe? Ay dffﬁﬁ&?ox{aﬂﬁ‘bg Ecgac1&gdi%?ﬂ:o§2hg Eﬂg

agents. e I nyenti on, xtur ear | ycarbonat e
resin and br aneonvegtiogally use w%\ﬁmwamnef {RearRAlMesters aaay be jeilized in

heat fd to Zdt eﬂ’%@ﬁx@ ufa&loﬁxtﬁffmfhﬁéur cb@otyfelsﬁ%@cﬂﬂiwlhté fé@nﬂ&ﬁbﬁd&b%ﬁ?@?l ng
reaction. vant a in ur e 0

Sbout | 200C 2 OPTOSSSRL A sae ingehtih, Geriraid b€ FRELEONA IR ackdsG .o
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wherein R? has the meaning previously ascribed to it.
Preferred difunctional carboxylic acids employed are the aromatic
dicarboxylic acids. Particularly useful aromatic dicarboxylic acids are those
represented by the general formula:--

COOH

HOOC (RY,
, V)

20  wherein j is a positive whole integer having a value of from 0 to 4 inclusive;
and each R4 is independently selected from the group consisting of alkyl
radicals, preferably lower alkyl radicals (containing from 1 to about 5 carbon
atoms).

Mixtures of these difunctional carboxylic acids may be employed as

25 well as single acids. Therefore, where the term difunctional carboxylic acid is
used herein it is to be understood that this term includes mixtures of two or
more different difunctional carboxylic acids as well as individual carboxylic
acids.

Most preferred as aromatic dicarboxylic acids are isophthalic acid,

30 terephthalic acid, and mixtures thereof. A particularly useful difunctional

carboxylic acid comprises a mixture of isophthalic acid and terephthalic acid



A free-radical initiating proportion is present in the mxture to be

heat ed. The proportion is generally in the range of fromabout 0.1 to 5

wei ght percent of the polycarbonate resin. Al though we arel Rstoben2HE bound
by any theory of operation, the 5 assuned nechani sm of branchi ng, based on
pol yol efins technol ogy, is shown in the schematic fornula given bel ow. The
first step is the thermal deconposition of a radical initiator which
attacks the methyl groups of the BPA unitsyin order to create polycarbonate
macr or adi cal s. The macroradi cal s can be reconbi ned by a radical branching
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conpr essi on ?ﬁ’% ?Qslr mal |y enpl oyed for extruding or nolding
pol ycar bonat e. | owi ng exarrpl es and f)r epar ati ons describe the manner

and process of nakilfg PEPRPTHONS gf redstants Inployad 4o prepare thy kineathe best node
contenpl at ed ky btyesﬂeflmbbﬁate&&sxﬁ@wmva@ mﬂccéﬂaﬁnt@mﬂiﬂll@z:rbgbseﬁﬁef&t to
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500 rad/s as neasuf ynam c plate-plate onet €r. such as nodel RDS
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10 Exanple 1 Acﬁﬂéﬁ? Y&/ (8)‘}‘ %I(gaeho%%‘g P@Sﬁ{ §§P@8 Y87 om one
of A~ PE135chrborate oﬂ‘&ﬁ)rﬁéb(p}rqmlm‘ste( bomditonmi nantly ) or 15 B. . PCB605
linear, soft segmem yeA-RObNEGRA YRy Rel St Mefddl Ot Plparing
polycarbonates, a molecular weight regulator (a chain stopper) is generally
added to the reaction mixture prior to or during the contacting with a
carbonate precursor. Useful molecular weight regulators include, but are not
25 limited to, monohydricphenols such as phenol, chroman-I, paratertiarybutyl-
phenol, p-cumylphenol and the like. Techniques for the control of molecular
weight are well known in the art and used for controlling the molecular
weight of the polycarbonate branching agent resins used in the present
invention.
30 In accordance with the process of the present invention, a branching
agent as described above is homogeneously admixed to the linear
polycarbonate resin to be branched. Admixture may be carried out with the
aid of conventional resin mixing apparatus, including but not limited to
conventional resin extruders equipped to mix two different resin materials,
35  dry mixers and thelike. The solid resins may be pre-mixed before
introduction into the extruder.




dodecyldiacid (G o aliphatic sequences, nore sensitive to radicals); was
provi ded. For control purpases, a third resin (resin C ~ PC195 branched)
was provided. 2 0 Resin C . PCl195 branched, used as refererddactober 2002

manuf act ured by General Electric Conpany, Pittsfield, MA. This particular
resin was directly prepared by synthesis and contains 0.3 percent by nole
of tri-(4-hydroxyphenyl) ethane as branching agent. The material was
compounded on a nelt extruder (a corotaBtng twin screw extruder with a
barrel length of 950 mm and a screw 2 5 length of 951 mm) under a vacuum of
0.5 atnospheres at 300 RPM and at a tenperature profile of 200-300C. Resin
A vas COWpoundA(brdﬁdﬁhgtﬂ”répéﬂm éﬁﬁ&%ﬁﬁeﬁlﬁg%@éﬁt Wllpﬂépé’ﬁd dgéﬁ'thé)ed for
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of 230C, corhpf¥é altsranching préaomwdsﬂﬂammngcummdﬁd under the same
conpoundi ng conditions as described for Resin C but with 0.1 percent by

wei ght of 2-5-Brafshing agestsiusafuldghrange lipRg) pelycarhonatas-arer ganarally
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with the physic roperties reported |nthe abl e below. Pl ate-plate
resul ts apolywboaagommtspegmm strupiusal formulasesr

| i near BranchedModi fi edModi fi edsoft aegnmitreferencePC135PChO5Tan 8 at 0.1
rad/s ~1~ 25 1006.1109.1 0 Tan byat 500 rad, s (z~ 0.65 10.740.7 2.0
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is the value, higher is the Mw 1 October 2002 -13VWHAT IS CAIMED: 1'. A
process for branching a thernoplastic, linear) polycarbonate resin, which
conpri sesV hmiml%lrﬁy eaentmprqaniymgwn& éep@ﬁents hydregen&smethyhinkisng

wth the ‘PR ERd rregl rﬂe&é%\‘cf '.HQ?’QDOI"[I on of a-
pol yunsatura poI ycarbonat e bra agen

lllustrative of the compounds of the formula (1) are:

Divinylbenzene (DVB),

Triallylisocyanurate (T AIC)

lllustrative of the compounds of the formula (1) are:

Trimethylolpropane trimethyacrylate (TMPTMA) of formula:
CHs; —-CH2~C(CH2~0O—~CO-C=CHp3)3 ),

l
CHs

Ethoxylated Bisphenol A diacrylate (BPADA) of formula

Lo QL O]
CHy=CH—C—0—(CH2)7—0 (I: O0—(CH2);—0—C—CH=CH;
CH; '



heating the m xture in the presence of a free-radical initiator to a
tenperature range sufficient to effect branching of the |inear

pol ycarbonate resin. 2. The process of claim1 wherein thellQdsws 2002

pol ycarbonate resin has recurring chain units of the formula: -p-D-D, ~,

(I'l) wherein Dis a divalent aromatic radical of a dihydric phenol enployed
in the polynerization reaction, which conprises the reaction of the

di hydric phenol with a car bonat e precursorg_ 3. The process of claim?2
wherein the |inear polycarbonate resin has an tan S value at 0.1 rad/s and

230C of 25-100. 4 TVReT & ranching is a

pol yacryl ate of po ym%gﬁﬁ?g?ﬁﬁ;@@ ;%:egg?@%g%l wherein the
branching resin is of the deHa Hp-R T (~2)nmy=~t , , or
R n wherein R reprpéﬁgé@tmtdywa&ypat Eapg))ffguﬂlﬁg)r esents hydrogen or

I ot ober 2002 - 14 11 The ploreetor kT CRe et fon i s at - a
t enper at urse range Ieéntééxgmﬁm&&mjzﬁﬂﬂPmﬁbﬁowmss of claim1l wherein
the reaction is carried out ‘%@q PELE gje tﬁfu Sonditions,. 8. The
process of claim3 wherein t ?a ché resin ég an tan 8 value at 0.1
rad/s and 230C of Thethermgplastic moldxng resin compositions of the instant invention
may also be admixed with various commonly known and used additives such
as, for example, antioxidants; antistatic agents; inert filler such as glass, talc,
10  mica, and clay; ultraviolet radiation absorbers such as the benzo-phenones,
benzotriazoles, and the like; hydrolytic stabilizers such as the epoxides
disclosed in U.S. Pat Nos. 3,489,716, 4,138,379 and 3,839,247, all of which are -
incorporated herein by reference; color stabilizers such as the
organophosphites; thermal stabilizers such as phosphite; flame retardants;
15 and mold release agents.

By the method of the invention, the mixture of linear polycarbonate
resin and branching agent with or without other molding additives are heated
to a temperature sufficient to bring about the desired branching reaction.
Advantageously, heating is within a temperature range of from about 100°C

20  to about 350°C.

Heating is in the presence of a free-radical initiator such as a peroxide.
Preferred organic peroxides are described by the general formulas
R10-O-O-R11 or R10-O-O-R11-O-O-R12 wherein R10, R11 and R12are each
independently alkyl, aryl, substituted alkyl or substituted aryl. More

25  preferred organic peroxides include

2,5-dimethyl 2,5-(tert-butylperoxy) hexane or DHBP, ti/2 { 6 min. at
156°C X{ —CH.CH2~, and

2,5-dimethyl 2,5-(tert-butylperoxy) hexyne or DYBP, T1/2{ 6 min. at
164°C X{ —C ° C~ having the central structure:

30 CHs CHs CHs CHs
! | | I
CH3- C~0~0~C=X~- C-~0-0~C-~-CHs
l [ f I
CHs CHs CHs CHa

35



9.. The process of claim1l wherein the |inear polycarbonate resin is
produced by interfacial polynerization. .A Ahr. A A . A A3{.A A . A AA
. Ah. A{ A $:1uYeY45 6YC 1 October 2002

9|>?0?< 9? 9?3p?98 C?????3???????????????25?9?9??<?9? 9?'09??9999999999'99

999899p99|99 ?° 9>989 <99|99~~999>9 P?~2?7 SP~PPPP~~P~>PP~~" ~PPP~272C??7?7?

s 333"’3"’33%ii@%@f%"%‘ﬁé”%i’f@r%%%%ﬁ%ﬁs@;e s

29922727277~ h Fhe proportion is generally in the range oP frbfri about 0.1 to Wéight percent

égil'(c:ag] g;] I(;S]{ \éa]t g{ae}l;)@l Hr aﬂlﬂa]areimca] cal ca] c"g] gg]l ca}\?i] ca] ca] caj ca] ca] ca] ca]
'S &) (0(6(~***+, gﬁl&%ﬁ#&ﬁ%g‘?ﬁl“gﬁ@ﬂ@ @X]Qfﬂpéﬁwdé%l] ca] ca] ca]

35;1]80 ajcalcm] c a&snalmheeljamima:]fcbﬂmmm@]basdchal palyoddfirss] tecirdd gy lis ddwR s 22V55

; <D<= ===( >>>£@W§%‘@$°Wv?cﬁe}gnhcur‘fcﬁ tgﬂs]tgsgegg}aéa] cal] ca] ca] ca

] ca] ca] ca] ca] dgeqmmamqm of & sadigaldnitiatern whic tieongtdy] gedups|afdhea] ca

e el s a1 2o -
ca] caV] ca] ca ca c calc cal,ca aj ca cal caJ ca] ca] ca
] ca] ca! 2RRSS| %"‘SA & g&?‘z&@?\‘%’@zﬁiﬁ% Eﬁ{ﬁi @& [Uca

UV] cal] ca V] teaM Z:dovh.blle(b@u}is)ato enerate branched structure. The key of th?figcess

Crcsd ol Shylsshutl e s icok a1

cal ca] ca]
ca] ca] ca] c2a] bagkbane ypratsaadlisalsca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

W] cal] ca] cal] ca %& actlon n product obtade ug%n reacton U]f th m t1-f j 1ca] ca] ca

1> > aAa[[6)\\\)] ]]A1A

] c2a] ca] ca] caprarhiigagens jxaney] m&%“d’émb
Ul ca] ca] cpd ca 6 Mbhhlé&@&%d&cﬁbe&mm&i(a)raﬁ&%‘f’ﬂm&\ ébo&k\‘llﬁb"/abb&t B)tol t 10%

0 Qo | 0 | | 0
- Hove () P T bt olightii ol a1 000ua’ )" 0'R S ¢
The production of the composmons of the invention is done by any of
the blending operations known for the blending of thermoplastics, such as
blending in a kneading machine such as a Banbury mixer. Blending can be
20  done continuously or batchwise.

Upon melt extrusion, branching and cross-linking occurs in the
polycarbonate resin melt.

The minimum temperature of the melt extrusion reaction is sufficiently
high to create a melt of the reactants. Such a temperature is achieved in an

25 extruder or a molding machine such as an injection or compression molder
normally employed for extruding or molding polycarbonate.

The following examples and preparations describe the manner and
process of making and using the invention and set forth the best mode
contemplated by the inventor of carrying out the invention but are not to be

30 construed as limiting the invention. Where reported, the following tests were
carried out:

Dynamic rheometry
Branching level is determined by curves reflecting the following relationships:

35 n* = f(), G’ = f(0), G" = f(0) and tan §= G'/G" = f(w)
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10 Examplel
A quantity of a linear polycarbonate resin
selected from one of
A.. PC135 linear, Mw 35000 g/ mol (predominantly )
or
15 B..PC605 linear, soft segment co-polycarbonate containing 10 mol. %
dodecyldiacid (Cio aliphatic sequences, more sensitive to radicals); was
provided.
For control purposes, a third resin (resin C - PC195 branched)
was provided.

20  Resin C - PC195 branched, used as reference is manufactured by General
Electric Company, Pittsfield, MA. This particular resin was directly prepared
by synthesis and contains 0.3 percent by mole of tri-(4-hydroxyphenyl) ethane
as branching agent. The material was compounded on a melt extruder (a
corotating twin screw extruder with a barrel length of 950 mm, and a screw

25  length of 951 mm) under a vacuum of 0.5 atmospheres at 300 RPM and at a
temperature profile of 200-300°C.

Resin A was compounded under the same compounding conditions as
described for Resin C but with 0.2 percent by weight of 2-5-dimethyl 2,5-

30 (tertiobutylperoxy) hexane (free radical initiator) and 2 percent by weight of
Pentaerythritol triacrylate (branching agent). The mixture was dr)" blended on
a Henschel Blender and then melt extruded at a set temperature of 230C,
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0 radical of the Cio sequences of the copolymer. Introduction of Higher
amounts results in partial cross-linking making difficult additional processing
like blow molding, extrusion, injection molding...

Branched polycarbonate resins were obtained with the physical properties
reported in the table below.

Plate-plate results at 230C

5 PC135 PC605 PC195 ResinA ResinB
Linear linear Branched  Modified Modified
soft segment  reference PC135 PC605
Tan 8 at 0.1 rad/s 1) 25 100 6.1 10 9.1
10
Tan § at 500 rad/s (2) 0.65 11 0.74 0.7 1.0

(1) Tan & at 0.1 rad/s is directly proportional to Melt Strength or the level of branching; lower is the
value, higher is the level of branching.
15  (2) Tan Sat 500 rad/s is directly proportional to Mw; lower is the value, higher is the Mw.
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wherein D is a divalent aromatic radical of a dihydric phenol employed in the

polymerization reaction, which comprises the reaction of the dihydric phenol with

a carbonate precursor.

3. The process of claim 2 wherein the linear polycarbonate resin has
an tan § value at 0.1 rad/s and 230°C of 25-100.

4. The process of claim 1 wherein the branching is a polyacrylate of

polymethacrylate.
5. The process of claim 1 wherein the branching resin is of the
formula:

R'{(CHZ)m—O-C—_'?;-CHZ) R'f(CHZ)m"?=CHz)
R " o R n
wherein R represents an'organic molety, R represents hydrogen or methyl, m Is
an Integer of from O to 2 and n is an integer of from 2 to 4.
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value at 0.1 rad/s and 230°C of less than 25.
9. The process of claim 1 wherein the linear polycarbonate resin is

produced by interfacial polymerization.



