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AROVATI C POLYCARBONATES BACKGROUND OF THE | NVENTI ON Thi s di scl osure
relates to a process for the production of branched pol ycarbonat es.
Aromati c pol ycarbonates are used in a variety of applications due to their

excel l ent mechani cal and physical properties including,_ gnppt hers,

i npact and heat resistance, strength and transparency. ere are three
gener al proGeseasyknown for the comercial manuf acture, %’S"?/r tic

pol ycar bonat es, which are illustrated in Figures - T 8MVent i onal

interfaci aI process, as shown in Figure 1, and the phosgene- based nelt

process, ﬁ%k@@t;ﬁ%oﬁh FRIPARING B kﬁ%ﬁﬂd&éﬂﬁﬂ@?@ﬂ? NRpgsgene W th

car bon nonox genera process non- phosgene™ nelt process
as shown Flgure 3 mes deveI%Qed to elimnate the use of highly toxic
phosgene |n Nese general nethods, the "non-phosgene”
melt process shomn (also referred to as the nelt transesterification
process) i s Thiselisclonedrehics ®a précepfapixr eeiuctaalof traichahmlyesbdnetss expensi vel y
and with better optical properties than the interfacial process and avoids

the use of hi:ghlde fo%ﬁoxﬁl@@&g%% in I%%Het? ngpgh&ftloﬁm& 1PIeF Sefient (Fi gures 2,

3) meke use of a | car bonat e,, such | car bonat e as an

i nt er medi at @neckgmicah apds pRwsicplpopertiss {icluding G‘F‘I’PﬁdP'?‘?fS:pW&qﬁl andsheah as

bi sphenol rbsrkt&lbeestreh%am@anma@ Aihkd bile AfeCodhaMl Yivkestdd khaWnoAm®Ol ycar bonat e
in accordance wt g gener al reactl Qn schene shown in Figure 4. This

pol ycar bonatcgn““ﬁﬁ? LRfEPmstic pelieraRpales, whigh are divgirated gy FWA‘}?S be conbi ned

with agdi ti vres 'Sh&&bnﬁé&hord%ﬁt‘erﬁdihd pkMeﬁta%Qh&wazmrlﬁgurd nhaﬁ@EHe%ﬁx&gla&m icati onﬁ

it is desirgl use a branche carbopate wi.t nmel . strength.
For exanpl e, ﬁ&W?trm?cﬁfsn&S TevR &R ‘Iggr A afgt & ?lif easHon %*%Eg@?e BiBducts from
pol ycar bonatcerbom mqnuxrdesThdthrmhgrd@rdnmm "Roi- phob@ne n’iﬂtgpkbcé@hstsh&i’ﬁ engt h.

Mor eover, gﬁ %fg%%ﬁ?,dp&' HSAERE B e BminGR 1S w2 BG1REL IndseBX UL ON Processes

for the produc
process flow. Of these general methods, the "non-phosgene" melt process shown
(also referred to as the melt transesterification process) is preferred since it prepares
polycarbonates less expensively and with better optical properties than the interfacial

process and avoids the use of highly toxic phosgene.

Both types of melt processes (Figures 2, 3) make use of a diarylcarbonate, such as
diphenylcarbonate as an intermediate, which is polymerized with a dihydric phenol
such as bisphenol A in the presence of an alkaline catalyst to form a polycarbonate in
accordance with the general reaction scheme shown in Figure 4. This polycarbonate
may be extruded or otherwise processed, and may be combined with addmves such as
dyes and UV stabilizers. '

In certain applications, it is desirable to use a branched polycarbonate with high melt
strength. For example, blow molding of bottles and extrusion of sheet products from
polycarbonate requires the polycarbonate to have high melt strength. Moreover,
branched polycarbonate resins can be used in extrusion processes for the production of

profiles, solid sheets, multi-wall sheets or corrugated sheets.

For example, DE 1570533 to Fritz et al. diselqses a method for making branched

polycarbonate by adding 0.25 to 1.5 mole percentage (with respect to the bisphenol) of

a phenol with a functionality higher than 2. The example of DE- 1570533 teaches the
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profiles, solid sheets, multi-wall sheets or corrugated sheets. For
exanpl e, DE 1570533 to Fritz et al. discloses a nethod for naking branched
pol ycarbonate by adding 0.25 to 1.5 nole percentage (wWith respect to the

bi sphenol) of a phenol with a functionality higher than 2. The exanpl e of
DE- 1570533 teaches the 1 - 6 JUN 2006 WO 03/ 050161 PCT/-\gSRA/788115 use of
4,6-dinmethyl-2, 4, 6-tri-(4-hydroxyphenyl)-2-heptene or trineric

i sopropenylwopheash. 1t should be noted, however, that ptfgsidsq9f branching
agents having benzylic hydrogens and double bonds like trimeric

| sopropenyl phenol lead to the devel opnment of discoloration in nelt

processed pokusadanahan, (DF A STRIA R PHAGRG. of uhoicdipibages a et hod

for making branched nel t car’bonat e ‘usi n al i phatic .
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eno an I pheny car ponat e.

directly together with the nono

The use of éﬁ# ﬁ&??@”ﬁpﬁ ﬁﬁ*?%“ﬂ%hﬁﬁgpge?nstead of aromatic phenolic
nonomer s Ieads to reductions in reaction rates during nmelt polymerization,

| ower therE’éI 19§2’b7169|ﬁ0t19u1amdetdhlsd@hlo$eatd owthod forih enakisg tHrancleg pelt yner. | n
addi tion, di | g LT TR aromatic
dlhydroxy c %%%y -&élarhﬁmngmﬂ% ggga%gﬁo aﬁw?@%?%a “%égU|res :
conpl i cat edDEéB'é?ﬁ&QQ fewh@nnqﬁs)dto(ﬁp@mnm@a therprancling ﬂgmf@aglmmlmtql @enct or systemns
i f the phenghe bMRARHM Cliref AR Y The GRERBRAL Ss 1t ycled after
their rennvakefr§ﬁ1the ?eggf%rs urteer ﬁ gﬁg&%Fgﬁ%ﬁ%ﬁ%gggent to the
first react&¥bopate.o|Thgdws Qéﬂlmbﬁl%@@P‘@nmmon&r%@ﬁﬁadmfmnm@b@v@hc system

requires Ioaenonsz&ereaésl teqeadcim th QéacfidACratel AMBlgt D pbIyARARG, RKwabP! e operation
for producing |inear carbonate to that for producing branched

pol ycar bona hstebit ﬁ@ feeolaratign iy theetesultingopplymsrelp addiiod, AigslY t r ansi ti on

time also rmmﬁagbmcmgxgaﬁs ﬂo@aibeetwﬂlx ab@@ndm@afok& t@ifpoadd and dlafyinNsi t i on

mat eri al havi,ng vari abl e | s of
carbonate monomers typl aﬁy requires compﬁcath Separation units to be used in

continuous melt reactor systems if the phenol byproduct and/or diaryl carbonate are to
be recycled after their removal from the reactors. Further, adding a branching agent to
the first reactor or oligomization section of a continuous reactor system requires long
operating times for the transition from the stable operation for producing linear
polycarbonate to that for producing branched polycarbonate having the desired target
properties. This long transition time also requires the production of large quantities of

a transition material having variable levels of branching.

US 5693722 to Priddy Jr. et al. discloses a method for making a branched
polycarbonate by first synthesizing a polycyclic-oligocarbonate and then melt-mixing
the polycyclic-oligocarbonate together with a polycarbonate resin. This multi-step
process requires separate and complicated reaction systems for preparing each of the
two reactants, the polycyclic oligocarbonate and the polycarbonate, and for the
subsequent reaction. It should be noted that polycyclic-oligocarbonates are prepared
from chloroformates in solution, and as a result the melt polycarbonates contain
residual solvents and chlorinated compounds, both of which characteristics are

undesirable in terms of handling, environmental, and product quality standpoints.




US 5693722 to Priddy Jr. et al. discloses a nethod for nmaking a branched
pol ycarbonate by first synthesizing a pol ycyclic-oligocarbonate and then
melt-m xing the polycyclic-oligocarbonate together with a pol ycarbonate
resin. This multi-step process requires separate and conplicated reaction
systens for preparing each of the two reactants, the. pofygNelosc

ol i gocar bonate and the -pol ycarbonate, and for the subsequent reaction. It
shoul d be R@} g@sdibat pol ycyclic-ol i gocarbonates are prghaaiseghsikr om
chloroformates 1n solution, and as a result the nelt pol ycarbonates contain
residual solvents and chlorinated conpounds, both of which characteristics
are undesi rab § : i i : ct quality
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first produgidagsanRelyiah BRI BhBRY afenfrette polyaditdiat: Efeifcfninc ation
process whi ¢ch contains _a pol yfunctional branching agent. T eagol ycar bonat e

preform i s it Whehmel eauilibpated mpb 2 werngdipolycabaat dnarogeey blpsdrpidaglet o produce a
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separate and conp |cat§g reacti qn systens for %reparl ng each of the two
reactants, FHENGVYERT (08 REPHIg B LPiHRe Byprerdtrdtsptr pelxraskomate @By for their

reacti on t oggd i€ polycddopdié] ambioy theik ReétRn kRBMENS a need in the art for an
i nproved process for the production of branched pol ycarbonates having high

melting strengths .in.a continuous. nelt reaction system S RY OF THE
I N\/EI\FI'IgO\I TE“‘é’%{E’B%}% tr}rlgﬁt *oned adfl%?\(}\/ol ctb% agn rcff’s‘%ffé’ﬁ‘i é’boégssaf’% verconme or
al | evi at ed Ipyodactiopobbmsched polydatbengtesdidving higinmelfindsteengtheil azoutinmbisc :
pol ycar bona L8k, gl udes reacting a diarylcarbonate and a pol yhydric
al cohol in the.presence of an al kaline catalyst to- produce a pol ycarbonate

ol i goner; add] b hi to the polycarbonate oligoner, wherein
t he branchi %Méﬁy%ﬂ‘g\%@ﬂ a (1):

The above mentioned drawbacks and disadvantages are overcome or alleviated by a

process for the production of branched aromatic polycarbonates that includes reacting
a diarylcarbonate and a polyhydric alcohol in the presence of an alkaline catalyst to
pfoduce a polycarbonate oligomer; adding a branching agent to the polycarbonate

oligomer, wherein the branching agent has the formula (I):
AGy @

wherein A is a Cy.50 polymethylene, Cy.9 alkylene or alkylidene, Cs.3¢ cycloalkylene
or cycloalkylidene, Ce.36 arylene or alkylarylene, or Cq.36 arylalkylene, wherein G is a
monovalent Cg-C3o hydrocarbon having at least one hydroxyl group bonded directly to
an aromatic or cycloaliphatic ring and y is an integer greater than 2, and wherein each
G may be the same or different; and producing a branched aromatic polycarbonate
having a melt index ratio greater than that of an aromatic polycarbonate produced

from the polycarbonate oligomer without the addition of the branching agent.

In one embodiment, the branching agent is added in combination with a carbonic acid
diester to a polycarbonate oligomer produced during the polymerization of
polycarbonate. The carbonic acid diester comprises a compound selected from the

group consisting of compounds having formula (IV):
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AGy (I) wherein Ais a Cl-20 pol ynethyl ene, C2_20 al kyl ene or al kyl i dene,
C5-36 cycl oal kyl ene or cycl oal kylidene, C6_36 arylene or al kylarylene, or
C6_36 aryl al kyl ene, wherein Gis a nonoval ent C6-C30 hydrocarbon having at
| east one hydroxyl group bonded directly to an aromatic or cycloaliphatic
ring and y is an integer greater than 2, and wherein eadhJUNZliy be the
sane or different; and producing a branched aromati c pol ycarbonate having
a nmelt i ndewopstshw1 greater than that of an aromatic polrgrastaesas e produced
fromthe polycarbonate oligoner without the addition of the branching
agent. In one enbodi ment, the branching agent is added in conbination - wth
a carbonic acid diester to a polycaPbonate oligoner produced during the
pol ymeri zati on of pol ycarbonat e’—The-@®:beni ¢ aci d di ester conprises a
conmpound sel ected fromthe group consisting of conpounds having formula

(1V): 3 -6 JUN 2006 WD.03/ 050161 PCT/USQ2/35115 O . R~ O-C-O-R2 (1V) wherein
Rl and R2 rra“%eﬁgl gh%“ S h@%?’e ]dﬂilef B Mt 1‘%‘?{8’* é?% a‘?eﬁe]éﬁtf‘%g‘-"’f‘rtwpﬁ% group
consi sting ebnsphiegyf pheGfl, 2Oxnaiyl) CoaryRikyhgstysl kd wiia@m RS and@Rgmwher ei n Rl

and R2 may ti | | ubsti.tuted with activating groups. These and
ot her featuP@%mﬂﬂ%%ﬁﬁééﬁﬁéﬁq ¥$¥$%55?W@'follomﬁng brief description of the
drawi ngs, detail ed description, and attached draw ngs. BRI EF DESCRI PTI ON OF

THE DRAW NG3hesrané pihemigatirssvwilbbe dppareut| froowihe dolleivingrbeisf deseriptidni effthe Fi gure 1
illustrates 4t b al roducti on of pol ycarbonate;
Bkl &fﬁl%?%eﬁ%nggB%gﬁcEﬁta&%ﬁ dxalkvt%ngg

Figure 2 illustrates e ased ne rocess for the production of
pol ycarbonate; Fjigure 3 illustrates_a non-phosgene nelt process for the
product i on ﬁllﬁ%bgg(&wgﬁ%gmeRAmes

Referring now to the following Figures, in which:
Figure 1 illustrates an interfacial process for the production of polycarbonate;

Figure 2 illustrates a phosgene-based melt process for the production of

polycarbonate;

Figure 3 illustrates a non-phosgene melt process for the production of polycarbonate;

and

Figure 4 illustrates a prior art process carried out in a base-catalyzed melt

polycondensation reaction.
DETAILED DESCRIPTION OF THE INVENTION

A process for preparing branched polycarbonates generally includes adding a
branching agent to a polycarbonate oligomer formed during a process for the
production of a finished polycarbonate. In another embodiment, the branching agent

is added to the polycarbonate oligomer in combination with a carbonic acid diester

compound.

Applicants have surprisingly found that upon adding the branching agent to the
polycarbonate oligomer, individually or in combination with the carbonic acid diester,
the branching agent can be rapidly incorporated into the polycarbonate for a controlled

build-up of melt strength. Moreover, it has been found that adding the branching
4



and Figure 4 illustrates a prior art process carried out in a

base-catal yzed nelt pol ycondensation reaction. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON A process for preparing branched pol ycarbonates generally

I ncludes adding a branching agent to a pol ycarbonate oligoner forned
during a process for the production of a finished pol yeérliridite. In

anot her enbodi nent, the branching agent is added to the polycarbonate

ol i goner i nwoessnsati on with a carbonic acid diester eofWpsidnRgis Applicants
have surprisingly found that upon adding the branching agent to the

pol ycar bonate oligoner, individually or in conmbination with the carbonic
aci d di est eragentitdithe PoigEEHINAE oRGRATRE, iKAAdUARY 53R b&thbindiBe Rith M hBshid Nt o t he

pol ycar bonat eg{ Q.2 cont]r ol led buyjld- yp of nmelt strength. Mreover, it has
been found t3¥4t 5UE FYPRUES ihes framsitiog d_TscoyeiN Fotsectipp ByBroguts 6ad

PCTI1 US02/ 35 lidénoagsii cdntindduerepaion @teB@nat e ol i goner, individually or in
conbination with the carbonic acid diester, sinplifies the transition and

recovery of i r noNersS in contiLnuaus, reaction _
syst ens. Thef%%gah%%%&g g%i&%f}éa?g%%%a] t5u§a¥%aég}b°3ﬁé?§qm%?mcture as shown
informula (1): AG (1) wherein Ais a Cl_20 pol ynet hyl ene, C2_20 al kyl ene
or al kylidene, C5_36 cycloal kyAddg or cycl ¢B kyl i dene, C6_36 aryl ene or

al kyl aryl ene, or C6.36 arylalkylene. Ais optionally substituted with

addi ti onal hydroxyl. groups, G.is a nonqgval ent C6-C30 hydrocarbon having at

| east one hy 36%?( ’5?58‘&’ ngﬁfeﬂ?’&éﬂ?]?%%%ﬂwaﬁa?i% cysloallylencal i phat i ¢

ring and y i caloalkyliege)Cgs @it or bikglarykne, 6he{ S hrplaRlele. Q. FRytiddslf he same or

alof_ ferent. I&bs(?iggedevwﬂxogdd%%g}ﬂ’hygogﬁ %Po%s? eGs ist ah%or];o(\)rlﬂlerg\&-r}go Ily%{’oréyrl)gn (1) and
having at least one hydroxyl group bonded directly to an aromatic or cycloaliphatic

ring and y is an integer greater than 2, wherein each G may be the same or different.

In one embodiment, G comprises the following formula (II); and

HO./=
\Y,
(R1)s

in another embodiment, G comprises the following formula (III):

uy

HO,/
\

(Ri)s

- wherein R; of formulas (I) and (1) is a hydrogen, C,.3 alkyl, Cgz0 aryl, or Ce.z
arylalkyl, and all Ry can be the same or different. In a preferred embodiment, the
structure of the branching agent is free of benzylic hydrogens, the presence of which
has been determined to undesirably contribute to coloration of the finished branched

polycarbonate,

In one embodiment, the branching agent is added in combination with a non-activated
carbonic acid diester compound. Preferably, the carbonic acid diester has the general

structure as shown by formula (IV):




~~ /[ (R1)4 (I1) in another enbodi ment, G conprises the follow ng formula
(rrr)y: (m wherein RL of fornmulas (I11) and (I111) is a hydrogen, Cl.3 al kyl,
C6.20 aryl, or C6.20 arylalkyl, and all Rl can be the same or different.
In a preferred enbodi nent, the structure of the branching agent is free of
benzylic hydrogens, the presence of which has been detergrjmedyto
undesirably contribute to coloration of the finished branched

pol ycar bonawe 3/dspiébne enbodi ment, the branchi ng agent ipsT/asdsslisN

conmbi nation with a non-activated carbonic acid diester conmpound.
Preferably, the carbonic acid diester has the general structure as shown
by formula (1V): 5. - 6 JUN 2006 W® 03/ 050161 PCT/US02/35115 O It

R1-O- GO R2 (1V) wherein Rl and R20nenotRe (twje sane or different and are
selected fromthe group consisting of phenyl, C15 20 aryl, C6_20 aryl al kyl

groups. R1 R?2 tionally be substituted wth actiyvating groups.

Preferably, %@emn%ﬂ?éicgf V&Y 2?8 “&%%a%nﬁfcdf‘g%% aﬁ‘? &g sglected g_maiﬂben@"r‘?ﬁ car bonat e.

Al ternati velegpsistingofplretdnCoo ayl, Cool asibleyl graipanR psidiRahfbpbaligpy| car bonate

o norur a0 SRR 8RR SR PGS, o noh A HSd ol iy © ShOW 11
is diphenyl carbonate.

\\‘\\ Altematively, the carbonic acid diester is an activated diphenyl carbonate with ortho-

“electron withdrawing groups of the general structure shown in structure (V):

-
m(B@_ O—C—o_@

(Bl (v)

wherein B is an electronegative substituent and m is an integer from 1 to 5. Preferred
electronegative substituents include carbonyl containing groups, nitro groups, and

halo groups.

A preferred activated diphenyl carbonate structure is shown in structure (VI).

O\\C/ R3 R4\C//O

Q
Grete)
(VD

wherein R; and Ry may be the same or different and are selected from the group
consisting of C;. alkoxy, phenoxy, benzyloxy, Ce.5 aryloxy, phenyl and Cgz9 aryl.
More preferably, Ry and R4 are selected from the group consisting of methoxy,
ethoxy, n-propoxy, benzyloxy, phenoxy, and phenyl. Ilustrative non-limiting
examples of suitable carbonic acid diesters include diphenyl carbonate, ditolyl
carbonate, bis(chlorophenyl)carbonate, m-cresyl carbonate, dinaphthyl carbonate, and

bis(methylsalicyl) carbonate.

Suitable processes for the manufacture of polycarbonate to which the branching agent,
or the combination of branching agent and carbonic acid diester, is added include an

interfacial polycondensation process, a melt transesterification process or the like.
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wherein B is an el ectronegative substituent and mis an integer from1l to
5. Preferred electronegative substituents include carbonyl containing
groups, nitro groups, and halo groups. A preferred activated di phenyl
carbonate structure is shown in structure (VI). O-CR3 R4 O o0-c-0 wherein
R3 and R4 may be the sane or different and are sel ected tEQUNthfBﬁ group
consisting of Cl.8 al koxy, phenoxy, benzyl oxy, C6-20 aryl oxy, phenyl and
C6- 20 aryl . wobosmiger ef erably, R3 and R4 are sel ected fremusé®sgsoup

consi sting of methoxy, ethoxy, n-propoxy, benzyloxy, phenoxy, and phenyl.
Illustrative non-limting exanples of suitable carbonic acid diesters

i ncl ude di pheafgtablyaiaosohicarborthiet Mhnifacteing Pevtesk Geacki f( ﬁ&hﬁfc&ﬂﬂiﬁﬂ&?) car bonat e,
m cresyl carbonat %Mgi nacﬁ_gt hgcl cabrlb%nate .and is%rget(gy%al i‘g%%)
carbonate. SUTIPRBICViS} ¢ E@arosRd qagpbly plmirodueipg  parpenatsibopd,| HmeHEMBIEt e t o whi ch
t he br anchi ngoasesthe usoof théwaelcpmbdsteaification procdss id b pagerdent and car boni ¢
acid diester, is added include an interfacial polycondensation process, a

melt transestenifi.cat i r e like .6 - 6. JUN 2006 WD 03/050161
PCT/ US02 /351‘[ 5‘J r%erfeﬁﬁ %'F%%f 38/,?9??%%“?’6%‘{"37‘2 %r%%h%%’cgrbr?ﬁar%gégg Gr 1|nr§|’5 aﬁ’f”%‘gess reacts
an aromat i c efighguirlolxip aboutromale gderegnt with resperp authel palpqadiohate ofigomet.r Bduci ng a
carbonat e bo G se of the. nelt

transesteri fé} gsg?(fa\%% Qgrrbéljci:]gégsid idl[sg&%olgﬁ ﬁge?%ﬂb;eérbrﬁee&dw aﬁ?gcegér}aglr?g k‘# %tﬁ)uégjént is
preferably alefd bl 2oyt 2ifempls| pecantowitiarespest ity divepoljaarbamt@tigonter; méreabout 0. 1
to about2 NhRrB6! KEBkndhd Rid ERRCHIeNA NG MAL LG8 LENAL.R aRger . ! f

present, the carbonic aci lester is preferably concentration
of about 0. 12bop/} Witlytssreet to s fepstienaliy (D@fithe hapehingagpnsct to t he

pol ycarbonate oligoner; nore ,preferably, the carbonic acid diester is
given W th aAsmbed leddin, thd edrine@blycdnsunbte Yolioradd includes compositions having

structural units of the formula (VII):

—R¢0-C-0— (v,
in which at least about 60 percent of the total number of R, groups are aromatic

organic radicals and the balance thereof are aliphatic, alicyclic, or aromatic radicals.

Preferably, R, is an aromatic organic radical and, more preferably, a radical of the
formula (VIID:

— A1_Y1_ AZ__ (VIH)

wherein each of A' and A? is a monocyclic divalent aryl radical and Y' is a bridging
radical having one or two atoms which separate A' from A2 In an exemplary
embodiment, one atom separates A' from A% The bridging radical Y' can be a
hydrocarbon group or a saturated hydrocarbon group such as methylene,

cyclohexylidene or isopropylidene.

Suitable polycarbonate oligomers can also be produced by reaction of dihydroxy
compounds in which only one atom separates A' and A% As used herein, the term
“dihydroxy compound” includes, for example, bisphenol compounds having the
general formula (IX) as follows:



about x/3 with respect to the functionality (x) of the branching agent. As
used herein, the term "pol ycarbonate oligoner" includes conpositions having
structural units of the fornmula (M1): O a -R OCO in which at |east
about 60 percent of the total nunber of R groups are aromatic organic

radi cal s and the bal ance thereof are aliphatic, alicyclicg jgfgpomatic
radicals. Preferably, R is an aromatic organic radical and, nore

pref erabl y,waos@adiccal of the forrmula (MI1): -A -Y1l- A2etigbib3nsher ei n each
of A and A2 is a nonocyclic divalent aryl radical and Y' is a bridging

radi cal having one or two atons which separate At fromA2. In an exenplary
enbodi ment, one at om separ at es(rAf fron1A&R5Jhe bridging radical Y can be a
hydr ocar bon group or a satura hydr ocagthan group such as net hyl ene,

cycl ohexyl i dene or isoprqﬁyl' Syi t ol ycarbonate ol i goners can

al so be produced by reaction nﬁ%unds in which only one atom
separates A and A2. As used in, the“-te "@Pydr oxy conpound"

i ncl udes, for exanple, bisphenol conpounds having the general fornula (1IX)
as foll ows: whereiffR*HHNRE / QEQ%L )qg I'- 1 HO
\ / V\ wherein Ra and Eﬁﬁéﬁfﬁgﬁggégégkfﬁgaﬁh ogéﬁé%%gﬁggﬁ%ggéggovalent

hydr ocar bon 23f Bapbe e spmeesy difisrent @ agd grare srehdndepandently intepersfemd tarde each

i ndependent |ajd KNfefi@ents ohé 8MhOgrbéhsHF formula (X):

R® R

e (e or ——

|
R? X

wherein R® and R? each independently represent a hydrogen atom or a monovalent

linear or cyclic hydrocarbon group and R° is a divalent hydrocarbon group.

Some illustrative, non-limiting examples of dihydroxy compounds suitable for
forming the polycarbonate oligomers include the dihydroxy-substituted aromatic
hydrocarbons disclosed by name or formula (generic or specific) in U.S. Patent
4,217,438, which is incorporated herein by reference. A nonexclusive list of specific
examples of the types of bisphenol compounds that may be represented by formula
(VD includes bis(hydroxyaryl) alkanes such as bis(4-hydroxyphenyl)methane; 1,1-
bis(4-hydroxyphenyl)ethane; ~2,2-bis(4-hydroxyphenyl)propane (alse known as
bisphenol A); 2,2-bis(4-hydroxyphenyl)butane; 2,2-bis(4-hydroxyphenyl)octane;
bis(4-hydroxyphenyl)phcnylmethane; 2,2-bis(4-hydroxy- 1-methylphenyl)propane;
1,1-bis(4-hydroxy-t-butylphenyl) propane; and 2,2-bis(4-hydroxy-3-
bromopheny!)propane; bis(hydroxyaryl)cycloalkanes such as 1,1-(4§
hydroxyphenyl)cyclopentane and 1,1-bis(4-hydroxyphenyl)cyclohexane;
dihydroxyaryl ethers such as 4,4'-dihydroxydiphenyl ether and 4,4'dihydroxy-3,3'-
dimethylphenyl ether; dihydroxydiaryl sulfides such as 4,4'-dihydroxydiphenyl sulfide
and 4,4'-dihydroxy-3,3'-dimethyldiphenyl sulfide; dihydroxydiaryl sulfoxides such as
4,4-dihydroxydiphenyl sulfoxide and 4,4'-dihydroxy-3,3-dimethyldiphenyl sulfoxide;
and dihydroxydiaryl sulfones such as 4,4-dihydroxydiphenyl sulfone and 4,4-
dihydroxy-3,3'-dimethyldiphenyl sulfone.




and Xa represents one of the groups of formula (X): or (X) wherein R and
Rd each i ndependently represent a hydrogen atom or a nonoval ent |inear or
cyclic hydrocarbon group and Re is a divalent hydrocarbon group. Sone

il lustrative, non-limting exanples of dihydroxy conpounds suitable for
form ng the pol ycarbonate oligoners include the di hydroxy-substituted -
aromatic hydrocarbons disclosed by nane or fornula (genbrlUl 26 specific)
in US. Patent 4,217,438, which is incorporated herein by reference. A
nonexcl usiwsoslokt: Of specific exanpl es of the types ®fT/USIESHENOI conpounds
that may be represented by formula (VI) includes bis(hydroxyaryl) al kanes
such as bi s(4-hydroxyphenyl ) net hane; 1, 1- bis(4-hydroxyphenyl)ethane;

2, 2- bi s(4- RydneRisRYd R0 r ﬁxa;lemfdfdwmy@s ph&hbfi;[@hempblyyﬁ}r of

2, 2- bi s(4- hydr oXyphenyl ) but'ane; -bj s (%? hydr o heqy ct ane;

bi s(4- hydr 8X3{pHahph \yﬁwfﬁbﬁﬂaﬂﬁém izi Xéf(%’%&%‘%@?& i g

1- met hyl pheyaula) dib-91 3688 o h,’ldréxytabﬂ(ﬂtﬂaxedémyarbodawtcwbcmamydﬂ)er graopane; and

2, 2-bi s(4- hydroxy 3- bronmoppheny I)c¥cloalkanes such

as 1, 1- ( 4- hpspenabimssep iedeyired %‘I'Sﬁrpg?llg exaiid Pj?iy‘”& rérbonate resins'of teir
;1b|4 §(g Eygrbmwgghﬁﬂymfysd ﬁlﬂ@l@&ﬁ, Pelifdaanly, O}Khﬁa[t)ylbrcaelidﬂﬂés agu dimears

i roxydi n er r ox ;
di hydroxgdlha’i“gﬂmgﬁ‘i%f’%/a&ésﬂt“’élfﬁ%caag’l%ﬁ bra%ﬁ% axlﬁgdl ’q*l su{;I henglndet her:
4, 4" - di hydragety inhcordaiteneitthdisdisghaey| sul fi de; dlhydroxydlaryl sul f oxi des
sucp as 4, 4'-di hydroxydi phenyl sul foxi de and
4,4’ -di hyd h?ﬁéégzﬁ‘mg tl}fcyoyﬁﬁcﬁ']a@oﬂg&&ﬁ usu§1‘}5l afb%i&' ]%ole@@'ﬂ)oﬁ't' 1Modhddesy di ar yl

sul f ones suc I ox sul fone and 4, 4
di hydr oxy- 3f 3 cadionist v élﬁisﬁe(ﬁwllafstﬁ’l %ﬁ@ucﬂge& eneployief vothoBe WeRdiE050161

PCT/ US02/ 35, %J&) bk uhﬁzeﬁlfﬁxoe\B&Sﬁ hQie%fttﬁb SERARYdikyaRx9 corpdugd. dixf &gy ent di hydri c
phenol s or copol ymer dric phenal with a ycol or with a
hydroxy- o reﬂ@e‘iilﬂle@te?hﬂ“rﬂaqléﬂd%? 9‘@& 1630 piesof the carbonic it

Optionally, the carbonic diester acid component for preparing the oligomers may

r are utilized.

contain a minor amount, e.g., up to about 50 mole % of a dicarboxylic acid or its ester,

such as terephthalic acid or diphenyl isophthalate, to prepare polyester pdlycarbonates.

The synthesis of polycarbonates may be conducted in the presence of a catalyst, e.g.,
to promote the transesterification reaction. Examples of suitable catalysts include
quaternary ammonium compounds, quaternary phosphonium compounds, alkali
metals and alkaline earth metals, oxides, hydroxides, amide compounds, alcoholates,
and phenolates, basic metal oxides such as ZnO, PbO, and Sb;03, organotitanium
compounds, soluble manganese compounds, nitrogen-containing basic compounds
and acetates of calcium, magnesium, zinc, lead, tin, manganese, cadmium, and cobalt,
" and compound catalyst systems such as a nitrogen-containing basic compound and a
boron compound, a combination of a nitrogen-containing basic compound and an
alkali (alkaline earth) metal compound, a combination of a nitrogen-containing basic
compound, an alkali (alkaline earth) metal compound, and a boron compound, or
combinations comprising at least one of the foregoing catalysts. When more than one
catalyst is employed, each may be incorporated into the melt at different stages of the

reaction.

Preferably, the catalyst is a quaternary ammonium compound or a quaternary

phosphonium compound. Illustrative non-limiting examples include tetramethyl



with a dibasic acid or hydroxy acid in the event a carbonate copol yner
rather than a honopol yner is desired for use. Polyaryl ates and

pol yester-carbonate resins or their blends can al so be enpl oyed.
Preferably, the polycarbonates are |inear honopol ycarbonates that are
capabl e of branchi ng upon addition of the branching ag%nhnpmuaccordance
with this disclosure. In preparing the polycarbonate ollgoners usual l'y
about 1.0 nebdemsasabout 1.30 noles of a carbonic aci dechivest/snis(simlar to
the structures enployed with the branching agent) are utilized for every 1
nol e of the aromatic di hydroxy conpound. In one enbodi nent, about 1.01

nol es t o abeminodiu@dO hyid@bage, Ofetrinivthyt dnkfdhiven CHcersit € iet@fnBthiAt la:lmaﬁdm
Optionally, -the carbonic diester acid copponent for preparing the oligoners

my cont ai AP deremsisl Ammonign te d5R  tsanked BROSRROBUR car boxyl i c
acid or it sfleaidey tetraphtdhl @ﬁogpﬁémﬂtiaﬁdph&yﬁmoeht@rtedmm NpHosghekipit hal ate, to

prepare pol yester pol ycarb es. The sy esi s, of pol ycarbonates may be
conduct ed i ﬁ éeprtgg%)H@L s oY afSgate; a‘éﬁ d“meﬂ’yﬂ odipfieBHp FEmPHRMm

transest eri hydtatideon reacti on. Exanpl es of suitable catal ysts include
guat er nary anmoni um conpounds, quaternary phosphoni um conpounds, al kali

metal s and %géﬂpl‘dﬂﬁ t@%vEl"bf@EtB@%)%u gégeﬂ?ﬁ’palgégé%g hlg%s(ﬁlt%}g{s%& 8%9%30‘1”0'3

al cohol at es, Bueno at es asi ¢ ‘net al O and
Sb203, or gaﬁ'BPIPIeén ganerab thedetrldimount oif camlyst ismnghiy inctbe oLt abais ] x _

ni trogen- congiobag 193861 p&%@%@dlhﬁﬂ&yQ:Gﬁhﬁﬁﬁs ogéio G, St B gNesi um
zinc, lead, tin, manganese, cadm um and cob conpound cat al yst
systems suc H‘a%§“ea°a|‘ﬁ1XSF 693@@@6‘?1@&?%??9“5&@?1@%@%@%"%& differerton conpound,
a conbi nat i emgQff 1R ré¥cligrPgeN- cont ai ni ng basi ¢ conpound and an al kal i

(al kal i ne earth) nmetal conmpound, a conblnatlon of a nltrogen cont ai ni ng
basi ¢ conpaund al kal i ne ea tal d a boron
conmpound, ocriL mmartﬁgs A ?nl% gm%oa]%% g‘?’ﬁﬁls s)éngggn%t@e ﬁcé“r? 8fg‘§m ng
catal ysts. y#iprrhonate t Beampbaseof mahmhtyxstmcledeemxﬂnolyqﬂtprt%a@lphmy ﬂae

i ncor por at eg, Fﬂ% t

Pref erably, }gﬁhgg&a eLOIa}lon igé%ng %{grwﬁ %%%p%r% %‘f"er ounggor a quat ernary
phosphonlunﬂ@éﬁpound IIIIustratlve non-limting exanples i ncl ude

t et r anet hyl

In order to obtain a faster and/or greater build in molecular weight of the

polycarbonate oligomer a coupling agent (similar to the structures employed with the
branching agent) such as a bis-alkylsalicyl carbonate, e.g., bis-methyl or ethyl or |
propyl salicyl carbonate, bis-phenyl or benzyl salicyl carbonate, bis(2-benzoylpheny])
carbonate, BPA-bis-2-alkoxyphenylcarbonate, BPA-bis-2-aryloxyphenylcarbonate, or
BPA-bis-2-benzoylphenylcarbonate may also be added to the polycarbonate oligomer.

The process of manufacturing branched polycarbonates generally takes place in a
series of reactors. In general, the temperature is increased and the pressure is reduced
along the reactor train. Since the reaction is an equilibrium reaction, byproduct
phenol is continuously removed from the reactors to ensure the desired or targeted
molecular weight. The reaction preferably occurs at temperatures greater than about
230°C, with about 270°C to about 310°C more preferred. The pressure of the reaction
1s preferably reduced to a pressure less than about 0.8 torr, with about 0.2 to about 0.6
torr more preferred. Once the final branched polycarbonate target specifications have

been reached, a quencher composition may be added and the mixture is passed
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9 - 6 JUN 2006 WO 03/050161 PCT/ USO02/351.15 ammoni um hydr oxi de, tetranethyl
ammoni um acetate, tetranethyl amonium fluoride, tetramethyl ammoni um
tetraphenyl borate, tetraphenyl phosphonium fluoride, tetraphenyl
‘Phosphoni um t et raphenyl borate, tetrabutyl phosphonium hydroxide,
tetrabutyl phosphoni um acetate and di net hyl di phenyl anmoni hydr oxi de.
The appropriate | evel of catalyst wll depend in part D&JW%ﬁﬁ%any catal ysts
are being wgplRyeHd. | n general, the total ambunt of cag@besisiiss usual ly in
the range of about 1 x 10-8 to about 1.0 nole per nole of the dihydroxy
conpound. Optionally, when nore than one catalyst is enployed, each may be
| nCor POr at € bihOun{cFudkhdd llided!| TicGERfin cofl bBGEHA ot BPcibRACLIGN.

Term nators or_endcappi ng agents may al so be used during the manufacture of
the pol ycar®rdn gt econfisughpieds. of term nators incl ude phenol

p-tert-butyl phenol, p- cunyl phenol, octyl phenol, nonyl phenol and ot her

eng ;:appi ng age fﬁt;)@_c?ﬂigéﬂ_atekﬂﬂzlymbdi ili\ay Tﬁh}ﬂl_elaﬁéntail]lcl R Iri]):l’aﬂ etabifi@r,omb altrividtef i’ist er

and/ or greater buj .ecul ar ight of . the polycarbonate. oligoner a
coupl i ng agé‘ﬁimtegﬁ’ ﬁf’?%‘fre{égs“t%e’g’tar‘ivﬁ\’@lﬁg‘?’& a’é‘ﬁﬁ?‘ﬁfég‘t’\ﬁi Ippcee 8- nchi ng
agent) such foggimg dgeis; @hdtyrhldl] & Aythe cardaot) ad mti-exidgnt, a Bmthetiedil)yilwagy et hyl or
propyl salicyl carbgnat bi s-ph | .or benzyl. sali.cyl carbonate, .

bi s(2- benzoy 6??%?1’?/ ??ef ag‘gl?rbl(’)l%rﬁ?‘“[é)? ﬁ&%&hb"ihsa{ -e‘é‘%‘%?fzeﬁ He f/’lalg‘ar bonat e, :
BPA- bi s- 2-aryl oxyphenyl carbonate, or BPA-bis-2-benzoyl phenyl carbonate ma
al so be adddde trmnehieg prent/andribpiesant thy ¢aghonieracid figstep mapydbedded terdleuf act uri ng
branched polaiiRRR dfiorke IPHR slafe biHtESroll AL inkflaf aRflelBSegmigPact ors. I
general, the tenperature Is InNcrease nd the pres%pre i s reduced along
the react or Procassrio peidpeecbransked nolyistrbenates. s Ingnother ambodimentnthe beselingh, by pr oduct
phenol is CC&?&dt,W@lé&!oﬁbfn@ﬁBﬁ\@@raB&ﬁH@ doBIR ahESRIoRe Sicill AictBS Waladdgedesi red or

targeted nolecul ar wei gl,ht. The reaction pref e_ra%lwy occurs at tenperatures
greater th aribespplyarbonate oligomer has reached a molecular weight (Mw) greater than 4,000

daltons. Preferably, the Mw of the final branched polycarbonate resin is at least about
24,000 daltons.

Advantageously, the branching agent may be added to polycarbonate oligomers
containing Fries structures to produce branched polymers with controlled melt
strength properties. As used herein, the terms “Fries” and “Fries structures” denote a

repeating unit in the polycarbonate having the formula (XI) or (XII):

0 (XD
SO
—o—@-xa{%:?—
o (X1

wherein R* R"’p, q and X* are the same as described in formulas (IX) and (X).
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230C, wth about 270C to about 310C nore preferred. The pressure of the
reaction 1is preferably reduced to a pressure |ess than about 0.8 torr,
with about 0.2 to about 0.6 torn nore preferred. Once the final branched
pol ycarbonat e target specifications have been reached, a quencher
conposition may be added and the m xture is passed 10 - _% M'\}’I}Eﬁg% WO

03/ 050161 PCT/ US02/ 35115 through an extruder and pelliti Zed reaction
can be car nveobasib: by either a batch node or a conti npougsossis The

pol ycar bonat e obtai ned may further contain a heat stabilizer, an
ultraviolet absorbent, a nold releasing agent, a colorant, an anti-static

agent, a | ubhaGaimedahbafinent, 10 AR of BER struurBhrdle is Msd tharP2 bdRTE
retardant, an anti-oxidant, a synthetic oil, a wax, an organic filler and

an i nor gani 2¥§ per gtilliogfpp withdess By .40 Rpmymerg preferrepavitirless tham bOYt anchi ng

agent and i fppRred&embre ptdh@res akdRiR 16ssseh G061 RS 164t prefidiéq be added to the
pol ycarbonate ol i goner at any stage during processing including during the

extrusion C to oduce branched. po] ycar bonat e | n. anot her

embodi ment , Fi[ %’8‘?@?’3ﬁ%tﬁ‘?{%tqﬂ%gl@?é’?‘p%?m%ﬁ@Oié%??%qnﬁtﬁt"?aﬁ ﬁt?ll)‘fmﬁ}nafﬁ% aﬁg agent and
car boni ¢ aciathodnte of engcovesedobehands, afirk@red brdnehifpiggntantd isdike RPrtfegblypr has
reached a ' ater th 000, daltons, Preferably,
the Mv of trrﬁ}ée %’Mrfg dW§%“§%%F§%§?%%%a %‘%ggésl?pﬁ“ punisSoveied Bpenglse ™ 24 000
dal t ons. Advessthagebaws 5§ ppivhef ubreagtaitirmghiagjegedt and jeshthareadbde$0@ pprpof ycar bonat e
ol i goners L AL R L8 Sieskf Uct ures to produce branched polyners with.
controlled nelt strength properties. As used herein, the ternms "Fries" and
"Fries structures" denote a repeating unit in the polycarbonate having the
formul a (X )R 8eme RAGtgr: syshpnas ad xiiderRpit M3y be, diffirylt sgyreaghethe frsiredgrientis descri bed
in formul as dfkesptichtt the'Branchlihg agefit dieho 2QRGnIE:, QB RIEG e Bied/dPR2d 35115

volatilization of one or more components. In such a case, the extent of branching

agent reaction can be favorably increased by melt mixing the branching agent or
branching agent and carbonic acid diester with a small amount of basic catalyst (such
as tetramethylammonium hydroxide) to produce a higher molecular weight carbonic
acid diester of the branching agent which can then be added to the polycarbonate

oligomer.

For blow moldable resins and sheet applications it is desired to increase the melt
strength of the final resin. A measure for melt strength is the Melt Index Ratio (MIR),
i.e., the ratio of Melt Volume Rate (MVR) determined at two different loadings. The
branched polycarbonates produced by any of the embodiments preferably have a melt
index ratio (MIR) of greater than about 1.3, with about 1.5 more preferred, with
greater than about 1.7 even more preferred and with greater than about 1.8 most
preferred. Also preferred is a melt index ratio less than about 4, with less than about 3
more preferred, with less than about 2.75 even more preferred, with less than about
2.6 most preferred. Preferably, the MIR value of the final resin is increased by at least
0.04 units relative to that of the polycarbonate oligomer to which the branching agent

is added, with greater than 0.4 units even more preferred.

For the purposes of this disclosure, MIR is based on a measurement of melt volume
rates exposed to two different loads (i.e., force) in accordance with an International

Standards Organization procedure identified as ISO 1133. The melt volume rate
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In a preferred enbodi nent, the anmount of Fries structures present is |less
than 2,000 parts per mllion (ppm, wth less than 1,500 ppm nore
preferred, with less than 1,000 ppmeven nore preferred and with | ess than
500 ppm nost preferred. It should be noted that the branched aromatic

pol ycarbonate may still contain residual anmounts of unre q@ﬁrﬁ® phenol s,
unr eact ed branching agent and the like. Preferably, the~ J d

pol ycar bong}@.&R8k2i Ns | ess than about 500 ppm of unregqyRsHdRhenol s,

| ess than about 500 ppm of unreacted branchi ng agent and | ess than about
500 ppm of unreacted carbonic acid diester. In some reactor systens and

extruders, Vs Oiashff Bt 500 SR BE RS LR Tl Bf 4 eaCt i on of

t he branchlng ent due "t 0 ence rapid
vol atilizat |tbmn@rflaSb¢1@smrthMmebecfewgbﬁnmglsan ¢nﬁcs aﬁlmoa/ncias@smnsheheaxt ent of

branchi ng asgasaedrt@@ﬁﬂd\arfo&@a apaaa@ea%ﬁge rd DREE2E0 &J%god*a*tﬂmm xing the
branching agent or branching agent and car oni c lester with a snal
anount of b C catal nethylannonlun1h droxide) to
produce a hﬁéﬁ@Fdﬁﬂﬁb H@V”a&ﬁ&ﬁ% % PwmgaE?Hmamé§¥%m%%f1%He br anchi ng
agent whi ch felwikgh&amples, adﬁeﬁﬂliﬁgDageﬁlﬁoMo_ )ﬂbﬂiéiibgnrtﬁ'taﬂaran@hhgﬁgéﬁl’fand Bor EI ow |
Strengt b of PEY FLASTES A A ATDEPOPle TS SFLIL TS THG Nel T | ndex
Ratio (MR),on melebeha\hdsramgmdcedofmwed kimﬂ@al furiier BRlude (:Mé@audegaa ﬂ'eirnedf at ht wo
different |qa ; e ran [0 any of the
enbodi nent s prg'eﬁ‘r P’%tﬁl g?‘fﬂ?f% St C]FF& P’gcﬁs%g R‘P‘gatf‘ ‘zq%f °L%c§§ B8 than about
1.3, with alget off a sombinatiqorcfftier bresthingiapdmt agt thatcﬁboxﬁchaﬁ\d disgert The7 even nore
pr eferred ag%: ;%411%;1 of e cﬁgca{bal?a@e g@%ﬂ{er %mglv\)fr%as adéari)ef eldn g ouéb‘lmse preferred

(

0-.1

is a nelt rati1o | MP8s Y PhaR about nor e

preferr ed \Wansestprificgtionhprcess gtet slewiSn dbla lnoTle presie meighi maletlarl ess t han _
about t VA Ghd %de RS E2Rb¥eutd: W fasldloy kGal resin is.

i ncr eased by I eaz raéggunl ts rel %?t. velétmo ﬁ)g%v&g nqaﬁ )fgaar bonat e

ol i gonmer t o RReaten ?hﬁ@n%%%hu(ﬁﬁcbg‘mw of 4 ’&H’éﬁﬁﬂ PRI i‘ﬁhb@’egﬁﬁvﬂ)t han 0. 4

units even rﬁarﬁ.em&ftaﬁg ﬁﬂnetﬁf?énetchﬁnﬂﬁwm BSly@fredeMaBdisSHIQHERd MR 'S
based on a r¥e nt of t. vol une

or po yca: onate. Melt volume rates (cm’*/10 minutes) were carried out using
International Standards Organization standard conditions (ISO-1133) for
polycarbonate at a temperature of 280 °C and at loads of 2.16 kg or 21.6 kg. MIR is
determined from the ratio of MVR at the two different loadings and is calculated with
the following formula: MIR = (MVR at 21.6 kg / MVR at 2.16kg)/10. Generally, the

higher the MIR, the greater the melt strength properties.

Table 1: Properties of the different starting polycarbonates.

Mw Mn MVR MVR MIR
Polycarbonate  |[(g/mol) (g/mol) Polydispersity |4 min, 4 'min.
(C) | 2.16kg  21.6Kg
Oligomer - 280 °C 280 °C
A 8,111 4,050 2.003 NM NM NM
B 18,522 8373 2212 59.95 NM NM
C 26,365 11,418 2309 = [9.97 123 1.23

NM = Not Measurable
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rates exposed to two different loads (i.e., force) in accordance with an

I nternational Standards Organi zati on procedure identified as | SO 1133. The
melt volune rate 12 - 6 JUN 2006 WD 03/050161 PCT/ US02/ 35115 (MVR) is
generally defined as the anmount, in cubic centineters (cnB), of a

t hermopl astic resin that can be forced through an orifice of known

di nensi ons when subjected to a known force at an el eva‘tﬁadﬂNZﬂﬂﬁaerature
within a given period of time. The disclosure is furt i rated by the
fol I owi ng NSHB%M%% i ng exanples. In the follow ng exglgr%Tlfﬂjeggil}gZﬁbr anchi ng
agent, or a conbination of a branching agent and a carbonic acid diester,

was added to a pol ycarbonate oli goner:a its resultin ffect on melt. .
behavi or wadP&P %ﬁ%’&?ﬁtﬁ'ﬂ‘é@@f’éﬁiﬁrg eIz ‘?P‘hn%bleilr?&q% eé&h%&%ﬁ‘pis\fféesdat a for
pol ycar bonafemoki @mtiRioas Stedttdr,afhyrefir polgsis@dat A h@ow héleculeldvdiglon of t he

branchi ng agent o .conbination_of the branchi ng agent and the carbonic
acid di est ef?%reﬁ?és tli’f)g]&?g}cf ?bggm%lfattt}ﬁeeaé%f%é?’btgﬁ&%"gn%%f FEHE P& oyed, nade
by a conti nflows ®PelytarbdnatanB eitaticlinte ambleculqrr weigity is abminshdiom ithe Tabl e 1.

The average wei ght nol ecul a i.ght ( and average nu | ecul ar

o gt ey, S R E e Bl e A pBRS RV ARSHPUIRE 08B "t ysi s

of 1 mlli gumbecyar weight) id bbitaned( frophthg contiobigus@eacton bt ilaersstagn imaheny| ene

chl oride versus polystyrene standards and corrected for polycarbonate.

Mel t vol urrepfoﬁ?ség‘“("cm 3/10 nminutes) were carried out using International

St andards Organi zation standard conditions (1SO 1133) for pol ycarbonate at

a tenper at uFsamyfle 280 C and at | oads of 2.16 kg or 21.6 kg. MR is

determned fromthe ratio of MVR at the two different |oadings and is

g allg El ?} ig \M‘Gettms Ekfﬂlﬂplfa,oi L?@Mh E@cio@rmeaas MlgFge& ﬁaﬁim/ﬁ gt oﬁﬁobﬁaﬂ&&a{te MR at )
: g : ner ,_the er, the , the greater. the t strengt

properties. Weéa‘i’f“}/dﬁ' ypeEDs (lgggﬁﬁ‘rb"t“ﬁté °i\iﬂgcfni’°ér‘°‘e&f‘8§'ft§$et ‘T‘dﬁlﬁloﬁé’?e%yar bonat es.

MMVNMVRWRMaranching agent or the addition of the combination of a branching agent and a

carbonic acid diester) was then heated to a temperature of 310 °C and stirred for 20
minutes. After the melt mixing stage, a vacuum was applied to the system to a
pressure of 0.5 millibar. The reaction was continued for an additional 30 minutes.
The finished polycarbonate polymer was then sampled from the reaction tube, the

results of which are shown in Table 2.
Example 2.

In this Example, the batch reactor tube is charged with 50 grams of polycarbonate
oligomer A and 0.25 g (0.816 x 10™ mol) 1,1,1-tris (4-hydroxyphenyl)ethane (THPE)
and processed as in Example 1. Formula (XIII) illustrates the chemical structure of

THPE.
gHe
o)
OH X11)
Example 3.
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Pol ycar bonat e( g/ nol ) (g/ nol ) Pol ydi spersity4dm n, 4mn. (PC)2.16kg21l. 6Kg

A i gomer 280 C280 C A8, 1114, 0502. 003NVNM\M B18, 5228, 3732. 21259. 95NVNM
C26,:36511, 4182. 309. 9. 971231. 23 NM = Not Measurable 13 - 6 JUN 2006 WO v
03/ 050161 PCT/ US02/ 35115 The pol ycarbonate ol i goners characterized in Tabl e
| are obtained at different stages froma continuous reactor, wherein

pol ycarbonate A (|l ow nol ecul ar wei ght) represents the. oli k8l obt ai ned at
the early s jn the continuous reactor process fl Jycarbonate B
(internedié%ggﬁé*ggular wei ght) is obtained fromthe g%#%%?%%ﬁs reactor at
an internedi ate stage in the process flow. Polycarbonate C (high nolecular
wei ght) is tal ned from.t caontihuous .reactor .at a later stage in the
process fl 0\?\]/?J t@ig’r‘r%’fpée’%?e qa?f%tr alcgs?’r EE%% %],a rgg&ggl? gﬁgrra@%f%o‘r?yc?rﬁ nea%vvas char ged
with 50 g ofoligohsrchy BehHat©.816ki KPSnmol) AHBRded 04D4 ga@e23 x ROT yody bonat e

ol i gomer A (W p A b { ent he addition of
t he conbinalﬁ%%ﬁ%y&g£gﬁgﬁ%gpﬁggggg%tﬁgﬁﬁnéhgg%g%%%?gga%i%ggpgs?ér) was t hen
heat ed to a Hosmyle (C&V) illwstodtestiech@nigsl direture ofddSG.or 20 minutes. After the

melt m xing stage, a vacuum was applied to the systemto a pressure of 0.5

mllibar. The reaction was c |nu8d f an additional 30 mnutes. The
fi ni shed pol ycarbonate poly s|ith anpled fromthe reaction tube, the
results of which are shown in : anple 2. In this Exanple, the
bat ch reactor tube is charg w th 50 ns of pol ycarbonat e
o o)
éHS éH3 (XIV)

Example 4.

In this Example, the batch reactor tube was charged with 50 grams of polycarbonate
oligomer A, 0.25 g (0.816 x 10® mol) THPE and 0.262 g (1.223 x 10™ mol)
diphenylcarbonate (DPC) under nitrogen and processed as in Example 1. Formula
(XIV) illustrates the chemical structure of DPC,

Example 5.

In this Example, the batch reactor tube was charged with 50 grams of polycarbonate
oligomer A, (0.589 x 103 mol) 4,4’-[1-[4-[1-(4—hydroxyphenyl)~1-
methylethyl]phenyl]ethylidine]bisphenol (TrisP-PA) and 0.189 g (0.883 x 10 mol) _
DPC under nitrogen and processed as in Example 1. Formula (XVI) illustrates the

structure of TrisP-PA.
OH
GHy,
rgc—c—<c:>>—9—<z:j>~0H
CHj
OH XVvD)
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oligonmer A and 0.25 g (0.816 x 1073 nol) 1,1,1-tris (4-hydroxyphenyl)ethane
(THPE) and processed as in Exanple 1. Formula (XIl1) illustrates the

chem cal structure of THPE. OH Exanple 3. (XIll) 14 -6 JUN 2006 WO
031050161 PCTIUS02 /35115 In this Exanple, the batch reactor tube was
charged with 50 grans of polycarbonate oligoner A -0.25 % &2@316 x 10-3
nol) THPE and 0.404 g (1.223 x 10-3 nol) of nethylsali (‘:ﬁlg nate (MsSC)
under nitr processed as in Exanple 1. Formnul a ]l ustrates

t he chem cgﬁsgst”?ﬁg]t ure of MSC. (XI'V) Exanple 4. In thi gé@%@n’fﬂd@, t he batch
reactor tube was charged with 50 grans of polycarbonate oligoner A 0.25 g
(0.816 x 10'&&11’%?43 THPE and 0.262 g (1.223 x 10'3 nol) di phenyl carbonate
(DPC) under nitrogen and processed as in Exanple 1. Fornmula (XN)
illustrates_the chem cal structure of DPC. O 11 O C O Exanple 5. (XV) In
this Exanpl & thisfapplectie petel reagtort titsevanghargadavidietd smimhofyolygarbenateof

pol ycar bonatgeonl AO® \718( Biho! -5
4,4 -11-[4-] 1%0( 4%. Jﬁ%%%é (OS‘{}IGS %ﬁ%?o}%%é? hsﬁﬁe *%/’fy] Spﬁ)gtr}llyp l]‘%?%@ﬁ@ﬁﬁe] bi sphenol
(Tri sP-PA) %@Y]@}?eﬂ%a\jﬁ%ﬂ?l@%s %CRoaigl AdF)) & @OTS und&T med)t PBgemdand processed

as in Exanphfroden 4@ pBdbsSed 28\Mh Exihpléi 3! Falff: (tXIWI) illustrates the structure of
MethyleneTrisP-CR.

OH K , OH ) OH
)\; C. i C. i
CHj CHs CHj (XVI)

Example 7.

In this Example, the batch reactor tube was charged with 50 grams of polycarbonate
oligomer A, 0.25 g (0.805 x 107 mol) 4,4°,4"-methylidyne tris cyclohexanol (9H-
TPPHBA) and 0.259 g (1.208 x 10° mol) DPC under nitrogen and processed as in
Example 1. Formula (XVIII) illustrates the structure of 9H-TPPHBA.

H
o4O

OH X
Example 8.

In this Example, the batch reactor tube was charged with 50 grams of polycérbonate
oligomer A, 0.25 g (0.565 x 10° mol) 4,4’-[1-{4-[1-(4-hydroxycyclohexyl)-1-
methylethyl]phenyl]ethylidine]biscyclohexanol (9H-TPPA) and 0.181 g (0.847 x 10
mol) DPC under nitrogen and processed as in Example 1. Formula (XIX) illustrates
the structure of 9H-TPPA.
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structure of TrisP-PA. OH OH (XVl) 15 - 6 JUN 2006 WO 03/050161 :
PCT/ US02/ 35115 Exanple 6. In this Exanple, the batch reactor tube was
charged with 50 grans of polycarbonate oligoner A 0.25 g (0.718 x 10-3
nol ) 2, 6-Bi s[ (2-hydroxy-5-net hyl phenyl ) met hyl ] 4- net hyl phenol '
(Met hyl eneTrisP-CR) and 0.231 g (1.076 x 10-3 nol) DPC under nitrogen and
processed as in Example 1. Formula (XVI1) illustrates the J8N 2WEt ure of
Met hyl eneTrg Bsdshie: 7H H2 OH H2 OH C, -C CH3 CH3 CH3 ( XpttnsdEsample 7. In
this Exanple, the batch reactor tube was charged with 50 grans of

pol ycarbonate oligoner A 0.25 g (0.805 x 10'3 nmol) 4,4',4"-met hylidyne
tris cycl ohexanol (9H TPPHBApyand 0.259 g (1.208 x 10-3 nol ) DPC under
nitrogen and processed as in JExanple 1. Fornula (XVII1) illustrates the
structure of 9H TPPHBA. Ho-{i -a off OH (XVII11) Exanple 8.

CH
H30—C—©—9—<:>—OH
CH,

OH (XIX)

" Example 9.

In this Example, the batch reactor tube was charged with 50 g of polycarbonate
oligomer B under nitrogen (without the addition of any branching agent or the
addition of the combination of a branching agent and a carbonic acid diester) and

processed as in Example 1.
Example 10.

In this Example, the batch reactor is charged with 50 g of polycarbonate oligomer B
and 0.25 g (0.816 x 10™) mole THPE under nitrogen and processed as in Example 1.

Example 11.

In this Example, the batch reactor tube was charged with 50 g of polycarbonate
oligomer B, 0.25 g (0.816 x 10™ mol) THPE and 0.262 g (1.223 x 1073 mol) DPC

under nitrogen and processed as in Example 1.
Example 12.

In this Example, the batch reactor tube was charged with 50 grams polycarbonate
oligomer B, 0.25 g (0.816 x 10° mol) THPE and 0.404 g (1.223 x 107 mol) MSC

under nitrogen and processed as in Example 1.
Example 13,

In this Example, the batch reactor is charged with 50 g of polycarbonate oligomer C

under nitrogen (without the addition of any branching agent or the addition of the
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In this Exanple, the batch reactor tube was charged with 50 grans of -

pol ycarbonate oligonmer A 0.25 g (0.565 x 10 nol)
4,4"-[1-[4-[1-(4-hydroxycycl ohexyl)-1-

met hyl et hyl ] phenyl ] et hyl i di ne] bi scycl ohexanol (9H TPPA) and 0.181 g (0. 847
x 10'3 nol) DPC under nitrogen and processed as in Exqrgpzwg %For mul a
(X2X) illustrates the structure of 9H TPPA. 16 - 6 JUN 62 03/ 050161
PCTf US02/ 3538 B3fsblsfOH Exanple 9. OH (() In this Exanpl epct/b@284ich react or
tube was charged with 50 g of polycarbonate oligoner B under nitrogen

(wi thout the addition of any branching agent or the addition of the

conbi nat i on cehbidatidhsTEbrAEhAY APdnt 3tfla JarbHiO XA iedE) dndhBskLH hs &N

processed a\%ln Exanple 1. Exanple 10. In this Exanple, the batch reactor

i s charged WHPBY g of pol ycarbonate oligomer B and 0.25 g (0.816 x 10"3)
nol e THPE under nitrogen and processed as in Exanple 1. Exanmple 11. In this
Exanpl e, thé&xmaplemd.r eact or- t ube was charged with 50 g of pol ycarbonate
oligonmer B, 0.25 g (0.816 x 10"3 nol) THPE and 0.262 g (1.223 x 10"3 nol)

DPC under nj b I . i : I .An this
Exanpl e, thgf1 hgtét)%ﬁﬂlp gegglte%ra{etﬁg égﬂﬁgﬁ%%egr@% Wgﬁ%%%sO%B%e§§ar bonat e
ol i goner B, 20d 885 g(Q:8)1 6516 mol) THPFwhder FHPEnandipOces@d aginExargpl8l.x 10- 3 nol )
MSC under nitrogen and processed as in Exanple 1.

Example 15.

In this Example, the batch reactor tube was charged with 50 g of polycarbonate
oligomer C, 0.25 g (0.816 x 10™ mol) THPE and 0.262 g (1.223 x 107 mol) DPC

under nitrogen and processed as in Example 1.
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Exanple 13. In this Exanple, the batch reactor is charged with 50 g of

pol ycarbonate oligoner C under nitrogen (w thout the addition of. any
branchi ng agent or the addition of the 17 - 6 JUN 2006 WO 03/ 050161

'PCT/ US02/ 35115 conbi nation of a branchi ng agent and a car bo.ni c acid
‘diester) and processed as in Exanple 1. Exanple 14. Ing dm@arrpl e, the
batch reactor is charged with 50 g of pol ycarbonate ol i goier and 0.25 ¢
(0.816 x 1GQy@odx3bey THPE under nitrogen and processed gsnspyExa@dnpl e 1.
Exanple 15. In this Exanple, the batch reactor tube was charged with 50 g
of polycarbonate oligoner C, 0.25 g (0.816 x 10-3 nol) THPE and 0.262 ¢
(1.223 x 10-Bppe ) DPC under nitrogen and processed as in Exanple 1. 18 -
6 JUN 2006 -WO 03/050161 Table 2. PCT/US02/ 35115 MVRWR

Ex. Br anchi ngArgunt MAM-Pd(4 m nutes{(4—mnutes MR Agent/(npl) 2. 16kg
at 21. 6kg at| t - ¢ar jonat e280C280C ud ester 1FA220M886912 |M¥B25. 5B33.|01. 31
2ATHPEO. 816| - 10! 3298054 0988Ru6685 ¥699M31. [/ (4 minutes, | (4 minutes, | MIR
% Agent/ (mol) 2.16kg  at|21.6kg at
£~ | Carbonate 280°C 280°C
9 | diester : .
1* |A —— 22046 | 9691 |2.275 | 255 333.0 1.31
2 A | THPE 0.816x10° | 29305 | 10983 | 2.668 | 5.66 99.3 1.75
3 A | THPE 0.816x 10 | 30082 | 10794 | 2.787 | 5.41 105.3 1.95
MSC 1.233x 10°
4 A | THPE 0.816x10° | 36458 | 12473 | 2.923 | 2.04 54.6 2.68
DPC 1.233x10° '
5 A | TrisP-PA 0.589x 10 | 31866 | 11966 | 2.663 | 4.11 70.9 1.73
DPC 0.883x 10* )
6 A | MeTrisP-CR | 0.718x10° | 28838 | 11024 | 2.616 | 7.79 140.) 1.80
DPC 1.076 x 107
7 A | 9H-TPPHBA | 0.805x10° | 34354 | 13595 | 2.527 | 4.43 66.3 1.50
DPC | 1.208x 10
8 A | 9H-TPPA 0.565x10° | 27037 | 11447 | 2,362 | 10.3 143.0 1.39
DPC 0.847x10°
9% B | |- 19704 | 8742 | 2.254 | 43.0 >350 >0.8-
10 |{B | THPE 0.816x10° | 22872 | 9299 |2.460 | 205 316.0 1.54
11 |B | THPE 0.816x10° |} 22964 | 8995 |2.553 | 196 349.0 1.78
DPC 1.233x10? .
12 |B |THPE 0.816x10° | 25766 | 10148 |'2.539 | 10.7 179.0 1.67
MsC 1.233x10%
13* |C | -—— — 27760 | 11928 | 2.327 | 9.56 120.0 1.26
14 |C |THPE 0.816x 107 | 27942 | 10601 | 2.636 | 30.5 398.0 1.30
15 |C | THPE 0.816x10° | 25745 | 9921 [2.595 | 9.81 163.0 1.97
DPC 1.233x10° '

PC=Polycarbonate; Pd=Polydispersity

* Examples 1, 9, 13: polycarbonate oligomers processed without the addition of a

branching agent or a combination of a branching agent and a carbonic acid diester.
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3ATHPEO. 816 x 10"330082107942. 7875. 41105. 31. 95 MSC1. 233 x 10"3 4ATHPEO. 816
X 10-336458124732. 9232. 0454. 62. 68 DPCl1. 233x103 5ATri sP- PAO. 589 x

10- 331866119662. 6634. 1170. 91. 73 DPCO. 883 x 10 6AMcTri sP-CRO. 718 x
1028838110242. 6167. 79140. 11. 80 DPC1. 076 x 10.3 7A9H TPPHBAO. 805 X
10334354135952. 5274. 4366. 31. 50 DPC1. 208 x 10"3 8A9H TPPAO ﬁﬁ& @

10" 327037114472, 36210. 3143. 01. 39 DPCO. 847 x 10'3 -b 1006

*B------- WO 03k80id87422. 25443. 0>350>0. 8 10BTHPEO. 816 pcT/US02/35115
10" 32287292992. 46020. 5316. 01. 54 11BTHPEO. 816 X
1002296489952. 55319. 6349. 01. 78 DPC1. 233 x 10. 3 12BTHPEO. 816 X

10- 325766101483 s}%\a@?’ﬁleaﬂé-bg waﬁﬁloNSQl%@%éQh@g agent, individually or in
13* 27760119282, 3279. 56120. 01. 26 _14CTHPEO. 81

10" 327942 1066TPingiRsyjthemghonis a%dlfﬁmﬁﬁﬁﬂepls%S >30-12 14-15), increased the

10- 32574599 Q1R &%&e&ﬂoﬁﬁ&e&&a %ﬂ@@@&b&%@éﬁ&n&rﬁ%@@d NEHERRIRR ARt
Pd=Pol ydi sperS| t¥ m§3 E‘%l ycarbonate ol i 9 mgrs processed
wi t hout t he GERsSIn” =&Pd )- H}da’l‘ﬂ?hl W?&d’aé pragehing agentin heRqsaogHtes br anchi ng

agent and a dligbl@ Prédudsdl AborehicBE Plycarbbhatebwith B BE1eRe WONOIB sRAAN Gbm
PCT/ US02/°35 1a c5>ut 0.04 to about 0.7 MIR units. Adding the branching agent in combination with a
carbonic acid diester synergistically increased melt strength by greater than 0.6 to
about 1.3 MIR units. Moreover, an increase in MIR was observed for higher
molecular weight oligomers (polycarbonate C) indicating that the branching agent, or
combination of the branching agent and carbonic acid diester, can be added at various.
stages (including during extrusion) in the process flow to increase the melt strength of

the finished branched polycarbonate.

Comparative examples 16-21 illustrate the effect of the addition of a carbonic acid
diester without a branching additive to the polycarbonate oligomer. Generally, as
shown in Table 3, the addition of a carbonic acid diester without a branching agent did
not affect melt strength properties. Table 3 also includes the melt index data for
branched polycarbonates produced without the addition of a branching agent or a

carbonic acid diester (Comparative Examples, 1, 9, and 13).
Example 16.

In this example, the batch reactor tube was charged with 50 g of polycarbonate
oligomer A and 0.262 g (1.223 x 10" mol) mol DPC under nitrogen and processed as

in Example 1.
Example 17.

In this example, the batch reactor tube was charged with 50 g of polycarbonate
oligomer A and 0.404 g (1.223 x 10 mole) MSC under nitrogen and processed as in
Example 1.

Example 18.
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As shown in Table 2, the addition of the branching agent, individually or
in conbination with a carbonic acid diester (Exanples 2-8, 10-12, 14-15),
increased the MR conpared to processing the polycarbonate oligoners

wi t hout the branching agent (Exanples 1, 9, and 13). Individually adding

t he branching agent to the polycarbonate oligomer produced a branched

pol ycarbonate with an increase in nelt strength from abe§t/U.208 to about
0.7 MR uniwenwiddi ng the branchi ng agent in conbinati egTAe®zis1as car boni c
acid diester synergistically increased nelt strength by greater than 0.6 to
about 1.3 MR units. Mreover, an increase in MR was observed for higher
nmol ecul ar wel’ngﬂnk enkdpggmerbatc(x peabtge i chagat eithCj0 ¢ ofotyhibogtet digbmérfB br anchi ng
agent, or chi,n ent . and c rbo cid diester,
can be addeaant eggho%é"lgt é‘é’éesb?‘a'%?e’giﬁﬁg ncfl']ﬂ’rﬁ&esﬁ &1 X%‘?@ ?n the process
flowto increase the nelt strength of the finished branched pol ycarbonate.
Conpar at i ve Exempisll8@s 16-21 illustrate the effect of the addition of a
carbonic acid diester without a branching additive to the polycarbonate

ol i goner. Ge!ﬂ%@bla}hplea%e bﬁﬁﬁ\f‘&cﬂoﬂszﬁgéﬁ with 5&?0%0%9&&@1} ¢8m&a boni ¢ aci d

di ester without a branch ing agent did not affect melt strength properties.
Tabl e 3 al s RéP48Es223 el Opratofe) Migaunderpitepeemgnd processediis i Bampdr bonat es
produced without the addition of a branching agent or a carbonic acid
di est er (Conpamplei20e Exanples, 1, 9, and 13). Exanmple 16. In this exanpl e,
the batch reactor tube was charged with 50 g of pol ycarbonate -oligonmer A

and 0.262 ¢ E‘g(xjthlg g:?’cm? lielgi'e?ba{gﬁ Iréact'ap Js c@g‘edq?lﬂ'gf%g %Woxﬂa&doﬁ?&g&% sed as in

Exanpl e 1. iS exa react or e was charged
with 50 g ofané@ﬂ?%aflb%%astl@ ﬂmld)@é’ﬁemd%nmée@ndmcqgse(l@s i Example d- 3 nol e) MSC
under nitrogen and processed as in Exanple 1. Exanple 18. 20

Example 21.

In this example, the batch reactor is charged with 50 g of polycarbonate oligomer C .
and 0.404 g (1.223 x 10° mole) MSC under nitrogen and processed as in Example 1.
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WO 03/ 050161 -

6 JUN 2606 PCT/ US02/ 35115 In this exanple,

Is charged with 50 g of polycarbonate ol igoner

nol e) DPC under

exanpl e,

and 0.404 g (1.223 x 10"3 nol e) MSC under

Exanpl e 1. Exanpl e 20.
50 g of pol eppate oligomer C and 0.262 g (1.223 x,
W %fog(ggssed as in Exanple 1. Exanple 21.

ni trogen an
batch reactor

(1.223 x 10"
6 JUN 2006.\}\%b1g§

In this exanple,

t he batch reactor

B and 0.262 g (1.223 x 10

/30

&ﬂj‘s
In thi

nitrogen and processed as in Exanple 1. Exanple 19.

the batch reactor is charged with 50 g of pol ycarbonate ol i goner

nitrogen and pr
t he batch reactorﬁwui}\F

I's charged with 50 g of polycarbonate oligonmer C

| e) MSC under

In this
B
as in

i'S gﬁgrged wth
l.e) DPC under
s exanpl e, the
and 0.404 g
nitrogen and processed as in Exanple 1. 21 -
/050161 Table 3 PCT/US02/35115 MRWR

Ex. PCBr anchingAmount MM Pd(4 m nutes(4 m nutesM R TypeAgent/Car, 2.16kg at,
21. 6kg at jpongte(npl)2800d280C di gster |1 *A ---22R6969MVR275pP5. 5333. 01. 31
16A------ 2423943006 pZrandi3 A Ianddd80. 0,33 | MPCL 33 | X4 hifduted | (4 minutes | MIR
17A23982103712 T%k0 wgeﬁ@é}l.(gg“ 31 , 2.16kg at | , 21.6kg at
bonate 280°C 280°C
diester
1* |A 22046 | 9691 | 2275 | 25.5 333.0 1.31
16 {A 22994 | 10065 | 2.280 | 21.2 280.0 1.33
DPC 1.233 x 10°
17 | A 23982 | 10371 | 2.310 | 176 231.6 1.31
MSC 1.233x 10
9* B 19704 | 8742 | 2.254 | 43.0 >350 >0.8
18 |B 19836 | 8670 | 2.252 | 47.8 >350 >0.7
DPC 1.233x 107
19 | B 22376 | 9936 | 2.252 | 256 3333 1.30
MSC 1.233x 107
13* | C 27760 | 11928 | 2.327 | 9.56 120.2 1.26
20 |C 26828 | 11602 | 2310 | 113 146.3 1.30
DPC 1.233x 10°
21 |cC 31085 | 13123 | 2.350 | 6.29 76.0 1.21
MsC 1.233x 10®

PC type=Polycarbonate; Pd=Polydispersity

* Examples 1, 9, 13: polycarbonate oligomers processed without the addition of a

branching agent or a combination of a branching agent and a carbonic acid diester.

The results clearly show that the addition of the carbonic acid diester produced an

aromatic polycarbonate having melt strength properties comparable to an aromatic

polycarbonate produced without the addition of any branching agent or carbonic acid

diester.

While the invention has been described with reference to an exemplary embodiment,

it will be understood by those skilled in the art that various changes may be made and

equivalents may be substituted for elements thereof without deparﬁng from the scope
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M5CL. 233 x 10"3 9*B-------- 1970487422. 25443. 0>350>0. 8

18B-----1983686702. 25247. 8>350>0. 7 DPC1. 233 x 10-3

19B------- 2237699362. 25225. 6333. 31. 30 MSCL. 233 x 10
13*C------- 27760119282. 3279. 56120. 21. 26

200G --------- 26828116022. 31011. 3146. 31. 30 DPCL1. 233 X 10 gJUNZWE
21CG------- 31085131232. 3506. 2976. 01. 21 MSC1.233 x 10"3 P

t ype=Pol ycawbosi@bgis Pd=Pol ydi spersity * Exanples 1, 9, pé¢Busqposiycarbonate
ol i gonmers processed wi thout the addition of a branching agent or a
conbi nati on of a branching agent and a carbonic acid diester. The results
clearly shovesttheinvdntien. aEhCHdBithxn ni¥ny hiwxﬁféﬂfobﬂﬂh)eb@xﬁédé t6ll h&@i £parfiiupduced an
aromatic pog¥ %rbonate hav g% Lt sﬁégg ertl arable to an
“aromatic 1y 5’?6’6%“’@‘% i) 13‘1‘?8 ﬂr’(°i‘“o PB‘F”‘% P& nchi ng
ageRt o][ carémﬁma s&@:ledherﬁ)IfES‘h@éfor:bV%?jd 1ﬁtehch& ﬂnanmern_weﬁxrbnhxaswélembddez c[) [ beﬂ
with reference t n exe r odi Wi under.st ood by those
skilled int %pgg‘f“?"trﬁﬂibo‘g%? d%/fé’%ééﬂd‘ﬁdge soeYEYO é:°Wﬁ‘B%lat§?e1 for cupineMent s may be
substituted ﬁxﬂﬁn\ehmhﬁtahit I igehtiod Whioidéluddemahibodithefits GMidghathacmpe 22 - 6
JUN 2006 WO 03/0 Cl% %{#JSOZI 35115 of the invention. In addition, many
nodi fi cati on¥° %m%dapt a particular situation or material to
the teachings of the invention wthout departing fromthe essential scope
thereof. Therefore, it is intended that the invention not be limted to

the particul ar enbodi nent disclosed as the best node contenplated for
carrying out
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this invention, but that the invention will include all enbodinments falling
within the scope of the appended clains. 23 CLAIMS: -6 JUN 2606 1. A
process for the production of a branched aromatic pol ycarbonate, the
process conprising: reacting a diarylcarbonate and a pol yhydric al cohol in
the presence of an alkaline catalyst to produce a pol ycarbonate ol i goner;
addi ng a GLAMMN ng agent and a carbonic acid diester to thg jpphigsar bonate
ol i goner, wherein the branching agent conprises a conpound sel ected from

t he grouplconsAgiroerys Gft thd produdtian(olf p:braxched drpmatie pelyparbomnase, sheqirogs

pol ynet hyl ene, C2 20 al kyl ene or al kyl i dene, C5_36 cycl oal kyl ene or

cycl oal kyf"R 6 36 aryl ene or al kyl aryl ene, or C6_36 aryl al kyl ene,

wherein Gis areaEm{%%/@ﬂa@m&ar@ra%dWﬂ%ﬁb@I&oH@Mh|ﬂ93 bseheast anciliealimgdr oxy|

group bonded directly to the aromatic group or cycloaliphatic ring and y
i s an i nt eajaystde eradace a palycarbondieskgameach G may be the same or different;

and wherein the,garboni ¢ .acid di 1.8 : rom
t he group consil%(ﬁ]il%%gr 81%18% a7 & aﬁ?%ﬁrhéﬁgﬁg@ éﬁ %Ee%}t@%yrz grlbr(l)ﬁ%: gﬁ%(ﬂﬁ%eljhay be
the sane @helid thebemihiapdgaiteompliestaadnipoand tdiectgl Homp thogoup tomsistingof
phenyl, C aryl, C arylalkyl groups, and wherein R and R may optionally be
subst i t ut Bamug @k activating groups; and produci ng a branched aromatic
pol ycarbonate having a nelt index ratio greater than a branched aromatic
pol ycar bonat e produced fA&w t he pol ycarbonate ol i gomer with@ut the addition
of the branching agent and the carbonic acid diester.

wherein A is a C19 polymethylene,Cs.5 alkylene or alkylidene,Cs.36 cycloalkylene or

cycloalkylidene,Cq.36 arylene or alkylarylene, or Ce.36 arylalkylene, wherein G is a
monovalent Cg-C3g hydrocarbon having at least one hydroxyl group bonded directly to the
aromatic group or cycloaliphatic ring and y is an integer greater than 2, wherein each G
may be the same or different; and wherein the carbonic acid diester comprises a compound

selected from the group consisting of formula (IV):
1
R~0—C-0-R; , Iv)

wherein R and R may be the same or different and are selected from the group consisting
of phenyl, C aryl, C arylalkyl groups, and wherein R and R may optionally be substituted
with activating groups; and producing a branched aromatic polycarbonate having a melt
index ratio greater than a branched aromatic polycarbonate produced from the
polycarbonate oligomer without the addition of the branching agent and the carbonic acid

diester.

2. The process of Claim 1, wherein G has the formula (IT):

HO.—
M @

wherein R; is a hydrogen, Cy.g alkyl, Cg.0 aryl, orCr.o9 arylalkyl, and all R; can be the

same or different.
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2. The process of daim1, wherein G has the formula (11): HO\~ ~) (I1)
(RI)o wherein RL is a hydrogen, Cl1 8 alkyl, C6 20 aryl, orC7_20 aryl al kyl,
and all Rl can be the sane or different. 24 - 6 JUN 2006 WO 0310 0161
PCT/ US02/ 35115 3. The process of Claiml, wherein G has the formula (I1):
HO ) (R1)4 J (m wherein R is a hydrogen, C_$ al kyl, Cg_{f 72806yl , or
C7.20 arylalkyl, and all R can be the sane or different. 4. The process
of Claim1, wherein the branching agent is free of a benzylic _hydrogen. 5.
The procesdv@f30&&i m 1, wherein the branching agent | FAAIFHéring an
extrusion process. 6. The process of Claim1, wherein the polycarbonate
ol i gomer conprises |ess than about 2,000 parts per mllion of a Fries

- branch poi n8. $he preqessras Clamm Ivikergip Gdwstde Hymadp dDim 1, wherein the :
pol ycar bonat e ol i gonmer conprises |ess than about 1,500 parts per mllion
of a Fries branch point structure. 8. The process of Caim1l, wherein the
pol ycar bonate ol i goner conpri se an about 1,000 parts per mllion
of a Fries branch point structufe. 'éq e process of Claim1l, wherein the
pol ycarbonate ol i goner conprises$ |esg,,han about 500 parts per mllion of
a Fries branch point structure. t10. The-pgmcess of Caim1, wherein the
pol ycarbonate ol i goner conprises | ess than

wherein R is a hydrogen, Cy.g alkyl, Cs-20 aryl, or Cy.5 arylalkyl, and all R; can be the

same or different.

4, The process of Claim 1, wherein the branching agent is free of a benzylic
hydrogen.

5. The process of Claim 1, wherein the branching agent is added durihg an extrusion

process.

6. The process of Claim 1, wherein the polycarbonate oligomer comprises less than

about 2,000 parts per million of a Fries branch point structure.

7. The process of Claim 1, wherein the polycarbonate oligomer comprises less than

about 1,500 parts per million of a Fries branch point structure.

8. The process of Claim 1, wherein the polycarbonate oligomer comprises less than

about 1,000 parts per million of a Fries branch point structure.

9. The process of Claim 1, wherein the polycarbonate oligomer comprises less than

about 500 parts per million of a Fries branch point structure.

10. The process of Claim 1, wherein the polycarbonate oligomer comprises less than

200 parts per million of a Fries branch point structure.

11. The process of élaim 1, wherein the reactive functional groups of the branching

agent consist of phenolic hydroxyl moieties.
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200 parts per mllion of a Fries branch point structure. 11. The process of
Claiml, wherein the reactive functional groups of the branching agent
consi st of phenolic hydroxyl noieties. 25 - 6 JUN 2006 12. The process of
CGaiml, wherein the branching agent is added in an anount ofy mNaE 0.1 to
about 73 nol e percent based on the polycarbonate oligonmer. 13. The process
of Claim12. \/\h@h@pmncedse)f Bizimd hivhereatha branshiag dgant &f added irhan amaing ohrlivwhat e

ol i goner ed a nole reater .than 4000 daltons. 14. The
process om ? @F@Fﬂ%ﬁ%{%}mﬁﬁg’ﬂbﬁ ROBHELIERSt ycar bonat e having t he
melt index rat| o greater than the branched aromatic pol ycarbonate produced

fromthe polycarbonate oligomer w thout the addition of the branching
agent hasla no[Fb@moacsswéiC@hml whenenitbeéram@agtag%mﬁddgdlaﬁm ®al tons. 15.
The proce erein hln conmpound
sel ect ed P&XWFP S%ﬁ%g%@ﬁ§“§f glg?eTl gmgggﬁ&¢ﬁﬁygiyp gﬁ)ethane,
4,4'- [1- [4-[1- (4- hydroxyphenyl)-1- nethylethyl] phenyl ]

et hyl i di ne] bi sphenol, 4,4',4"- nethylldynetrls cycl ohexanol

2, 6- Bi s[ ( 24hyddBprosessef ﬂalﬁlhle heydi theyarpnched atoniatip ﬂ?@b{éﬁrboaataha‘[ﬂig theg.

[1 (4-hyd I s xanol ,

and 4, 41 - EO B R b B o e

bi sphenol pallsrehrbamw oligoneen svithoathe iadditign af thedamichmpegeit hnhe rrforbﬂ:cegm iwegght
conpounds.. 16. The process Claim 1, wherein A further conprises at |east
one hydr ot 1St kgt abeyt 240 ‘1?1“89%55 according to Claim1, wherein the
branched aromati c pol ycarbonate produced has a nelt |ndex ratio that is
greater than about 1.5. 18. The process according to Claim1l, wherein the
br anched aﬁorratrhcppmbs;sccﬁﬂhmnal ezvhepmmﬂwd&alndhag @emmnpmdfea(cqramlmdt hat is

great et MADEPRUL i o8l T LR ALRTSARACRS 10 o
hydroxyphenyl)-1-methylethyl] phenyl] ethylidine]bisphenol, 4,4',4"-methylidynetris
cyclohexanol, 2,6-Bis[(2-hydroxy-5-methylphenyl)methyl]-4-methylphenol, 4,4'-[1- [4-
[1-(4-hydroxycyclohexyl)-Imethylethyl]phenyl]ethylidine]biscyclohexanol, and 4,4'-1- [4-
[1-(4-hydroxyphenyl)-1-methylethyl]phenyl] ethylidine] bisphenol and combinations

comprising at least one of the foregoing compounds.
16.  The process of Claim 1, wherein A further comprises at least one hydroxyl group.

17.  The process according to Claim 1, wherein the branched aromatic polycarbonate

produced has a melt index ratio that is greater than about 1.5.

18.  The process according to Claim 1, wherein the branched aromatic polycarbonate

produced has a melt index ratio that is greater than about 1.7.
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produced has a nelt index ratio that is greater than about 1.8. 20. The
process according to Caiml1, wherein the branched aromati c pol ycarbonate
has a residual content of unreacted phenol, branchi ng agent af N;mﬁ)onl C
acid diester less than about 1,500 parts per mllion. 21. The process
according to Caim1l, wherein the branched aromatic pol ycarbonate has a
resi dual &9nt efihe plocessrasensding tphiaim) 1, sfherein thetbraneh %@GmaBQBOIM&%T naffer

mllion. T roc acc erel n the branched
aromati c Bré’fiﬁ}%eraaﬁﬁgﬁé?eztsmﬁex ra%o?ﬁeagl o%r "Iltgctgllflfgnagqut “unr eact ed branchi ng agent

of | ess than about 500 parts per mllion. 23. The process according to

Claiml, wherein the nelt index ratio is at | east 04 units eater than
a br anched0-ar okhe PYOCHBIapeair g ia Ciaimy o Alastsin ?heé’ﬁ%ch%d ﬂBWH&P%F?gL%“%? i gomer

w thout tpg aal%%ﬁél%n%h Sl &feaﬁ)'ﬂbgtq SRR Al AR CRIARNG BEle: Hiest er.

24. The process accor airm e melt index ratio is at
| east aboﬂi‘an@bélut 1gﬂ00t;mrtg|pe1amﬂhoﬂ.han a branched aromatic pol ycarbonate
produced fromthe pol ycarbonate oligoner w thout the addition of the
branchi ng agent and the carbonic acid diester. 27 - 6 JUN 2006 25. The

process aggor dirpg gltogesg attdPithg OGS 1N Whkis ﬁfebﬁ’éﬂcﬁe@&bfhaﬂb BolyBArbeRUWPr | Ses a

di phenyl carbonat an actl vated ort ho-el ectron withdraw ng group of

t he gener his a ssidudtconensdfouwnedctedphenad tofiless han:abent)50@tperteper mBllian. an

el ectronegative substituent and mis an integer from1l to 5. 26. The
process according to Caim1l, wherein the carbonic acid diester conprises a

di phenyl gar borraé grd%gsmca&daqgtt@ Cadigd, QﬂiefBi)n QieQﬁéﬂc‘héld Wotrfade pulyogbomaeip of
the general structure shown in structure 0O RBRA\C OO0 o-c-0
has a residual content of unreacted branching agent 0 less than about 500 parts per

million.

23.  The process according to Claim 1, wherein the melt index ratio is at least 0.04 units
greater than a branched aromatic polycarbonate produced from the polycarbonate oligomer

without the addition of the branching agent and the carbonic acid diester.
24.  The process according to Claim 1, wherein the melt index ratio is at least about 0.4

units greater than a branched aromatic polycarbonate produced from the polycarbonate

oligomer without the addition of the branching agent and the carbonic acid diester.
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wherein R3 and R4 may be the sane or different and are selected fromthe
group consisting of Cl_8 al koxy, phenoxy, benzyl oxy, C6-20 aryl oxy, phenyl
and C6_20 aryl groups. 28 6 JUN 2005

25.  The process according to Claim 1, wherein the carbonic acid diester comprises a
diphenyl carbonate with an activated ortho-electron withdrawing group of the general

structure shown in structure (V):

m(B@— O—g—o@(s)m. ™

wherein B is an electronegative substituent and m is an integer from 1 to 5.

26.  The process according to Claim 1, wherein the carbonic acid diester comprises a
diphenyl carbonate with an activated ortho-electron withdrawing group of the general
structure shown in structure (VI):
\\ R3 R4\ ’/
(VI)

0—-C-0

wherein R3 and R4 may be the same or different and are selected from the group consisting

of Cy.3 alkoxy, phenoxy, benzyloxy, Ce.o0 aryloxy, phenyl and Ce.29 aryl groups.
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