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Polycarbonate produced by reacti

on in a mekt of a diaryl carbonate and a dibydric phenol in the presence of a basic catalyst
dual catalyst by combining the polycarbonate with a powder—
ic quencher, such as an atkyl tosylate, in a non-powder carrier,
iquid or a solid, for example in the form of pellets containing or coated with the quencher.

frée quénching composition. The
The non-powder carrier may be a




Pol ycar bonat e produced by reaction in a nelt of a diary[ carbonate and a
di hydric phenol in the presence of a basic catalyst is tR&epteetber 8002duce
the | evel of residual catal yst by combining the pol ycarbonate with a

powder - f r eew@uesedoil ng conposi tion. The quenching conpositiogcqﬂﬂ$@%#23an
aci di ¢ quencher, such as an al kyl tosylate, in anon-powder carrier. e
non- powder carrier my be a liquid or a solid, for exanple in the form of
pell ets containing or coated with the quencher. 19 Septenber 2003 WO

00/ 56801 PCT/ wwe@@z@ummmwm%%bM%T%@gck%ﬂ%
PRODUCTI ON OF POLYCARSONATE CROSS REFERENCE TO RELATED PATE ne

STATEMENT RE ORED RESEARCH Not appli cabl e.
BACKGROUND mgﬁﬁéwgﬁi%fﬁﬁﬁfwﬁmEﬁat es to the finishing of
pol ycarbonate using a nelt process, and in particular to a nethod for

guenchi ng resi duaNop@t al yst used in the Polycarbonate-form ng reaction.

Aromati c pol ycarbonates are useful in a great many applications because of
i ncl udi ng strength and opti cal

t heir desi raglp_g_rg?%é&cal . _properties,
clarity. Th AriRE 43 EEDERANLY GPONSQREDIRESEAREH aromatic
pol ycar bonates, which are illustrated in Fig. 1. The conventi onal

I nterfacial procngﬁaggﬁatblf@ phosgene- based nelt process start - with the
reaction of phosgene wth carbon nonoxi de. The "no phosgene" nelt process

was developed to elimnate the use of highly toxic phosgene in the
reaction proCEESREBLIND OpTEENVEINTIQNocesses make use of a diaryl

carbonate such as di phenyl carbonate (DPC) as an internediate, which is

pol yneri zed ik Fal ' i sphenol A (BPA) in the
presence of an EPE% If%#@é{lgf@é'?ﬁ?ﬁnﬂ'{ﬁg o%spotfycaorgonate using a meit process,
and in particular to a method for quenching residual catalyst used in the

polycarbonate-forming reaction.

Aromatic polyc_arbonates are useful in a great many applications because of
their desirable physical- properties, including strength and optical clarity.

There are three processes known for the producti_on of " aromatic
polycarbonates, which are illustrated in Fig. 1. The conventional interfacial
‘process and the phosgene-based melt process start with the reaction of
phosgene with carbon 'monoxide. The “no phosgene” melt process was
developed fo eliminate the use of highly toxic phosgene in the reaction
process.

Both types of melt processes make use of a diaryl carbonate such as diphenyi
carbonate (DPC) as an intermediate, which is poiyme;'ized with a dihydric
phenol such as bisphenol A (BPA) in the presence of an alkaline catalyst to
form a polycarbonate in accordance with the general reaction shown in Fig. 2.
This polycarbonate may be extruded or otherwise processed, and may be
combined with additives such as dyes and UV stébilizers. In many cases,
however, the presence of residual catalyst has a detrimental effect on the
'qqality of the product, leading to poor color, molecular weight or rheological
properties. Residual catalyst may also interact with additives, detracting from

I



form a pol ycarbonate in accordance with the general reaction shown in Fig.
2. This polycarbonate may be extruded or otherw se proctsSegtembed20d3/ be
conbi ned vvith additives such as dyes and UV stabilizers. In many cases,
however, Wﬁgﬁnce of residual catalyst has a detrinental effect on the
qual ity of e product, |eading to poor color, nolecular weight/Uge00312z3

r heol ogi cal properties. Residual catalyst may also interact with
additives, detracting froml 1 9 Septenber 2003 WO 00/56801 PCT/ US00/ 03123

their efficyer effitliBy. IthdsS itl8dsiabfe tPrd o@%ctﬂe !%%l%eo‘cﬁle%go UpLE %’1}8@3%@0 as

catal yst to mnimze thesé interactions.

"quenchi ng. ‘minicuzentinése miariagtienss. USSch PediectionNe refariétitolsy \quitchihg.s
i ncorporated herein by reference,  di'scl oses the use of suﬂfur cont ai ni ng

id d tral t f dual
ket ne.cabaryBBhasYESy LU Bafi We 710 B Mt rbbrmaata heeoin he
pol ycar bonabg refeseinied, cﬁéclb@@ tt@hyé@f'gﬁl'ﬁﬁaédrﬂﬁln'irfggﬁélhg%rﬁf’é#nﬂ%enva fives

post -reacti on extrusion and g | etization anount
quencher i sS@& F‘ﬁr?éF%}'Slfﬁﬁ\ﬂaﬁ alizationrafuasidusl q!&eWMeatalIy;st |Trmoa¢ldrdr doid t he

final prope | tia S S to.fe pure form _on an

i ndustri al g%g RIveris ugé&%ﬁ’ zsid"lcéacrﬁ Vi gtP @'% églé(g fbc?nﬁg? ntRIPAUEt g0 fea@ s of
accuracy r equlycember@_mlmh'eagtm‘i dursd @Uai-r@dﬁ@h i usRINCANS beh@t&a@i%ﬁn As
acconpl i sheg comerci n- but yl t ol uenesul fonic acid K.

usi n
n-butyl tos aﬁ"@?”%"fa‘ %ﬁM&P"C ofy I eat! erﬁﬁ% lewapddhe areewntsf wemtzer |s
al kyl ati on ' tion.of the
Loyl "ot ot b PO Ao e M pROGEES. 1t 1 hibosS B Rtee iyt fiHep 17 pLRE roPm
pol ycar bona®®@ apdndistrigt §cajEeﬁ'(ﬂle\Mae:hf alcsmarosmeeded tonirintaheithd (e §1UCh as

heat stabll %&{ y;.é\é%@% rbers, and color stabilizers. Because of the use
of a polycar nacf hovvever, this process has the

Quenching of residual alkaline catalyst has been accomplished commercialiy
using n-butyl p-toluenesuifonic acid (a.k.a. n-butyl tosylate) in a powder
_carrier.  The tosylate acts by direct alkylation of the alkatine catalyst, with
concomitant degradation of the tosyl moiety. A small amounf of liguid
quencher is added to a polycarbonate powder dry blend which also contains
other additives such as heat stabilizers, UV absorbers, and color stabilizers.
Because of the use of a polycarbonate powder, however, this process has the
disadvantage of bringing dust into an otherwise dust-free process. Thus,
there is room for improvement in the process of making polycarbonates using
acidic quenchers. It is an object of the present invention to provide such

improvements.

SUMMARY OF THE INVENTION

The invention provides a method for finishing polycarbonate produced by melt
condensation of a diaryl carbanate and a dihydric phenal in the presence of a
basic catalyst to produce an intermediate polycarbonate composition,
comprising the steps of;



di sadvant age of bringing.dust into an otherw se dust-free process. Thus,
there is roomfor inprovenent in the process of nmking ptd $epiembaaled3 usi ng
acidic quenchers. It is an object of the present invention to provide such
i nprovenents. SUVMARY OF THE | NVENTI ON The invention provides a nmethod for
finishing pol ycarbonate produced by nelt condensation of a -diaryl
carbonate and a di hydric phenol in the presence of a basic catalyst to
produce an internedi ate pol ycarbonate conposition, conprising the steps

of ; 2 19 pt e ; a). comhi ning the internedi ate pol ycar bonat e
conposi tion wi fh ?”ﬁ’g@g&é -‘RtPF'BEH@EPeH YAt anae GoMpasitiaro mpthi & ipogvaai- aci di ¢
quencher free gueochpovelehpos&bhI @) in. Sajd rier.is a liquid carrier
or inthe formof solid ﬁasterbatng:%ﬁggﬁ %Jgt %‘?’a_lcsgﬁgﬁfff]é‘d‘dpda Arrpewdere| ect ed
f th i8St dagi0F bopat i sol nel ted
di phenyl ‘?%?8'2"6“‘?*2?"”?‘81 BRiR e o MY BRE o I BRY o cdtBhe beghactam.sol o
mel ted pait S eairien saiectest fromtthe oraue @neisiiyigy ofe palpylena 05ibeRgaL Sisadld (b)
rocessi It eli [ ' emi j carbonate conposition
hnd the %‘;’ig@g&{ﬁgﬂ%ﬁgﬁg‘;?& e e R B E B L iole et
resi dual Tbasre Cat SgaParsiendglycerp! megostearatenentl at e pol ycar bonat e
conposition. The quenching conposition may be in the formof a liquid or a
non- powder solid. A preferred enbodi mrent of the invention makes use of an

| ate_as the acidic quencher. The

oven s of*h's B3R, i ittt hniniesnenam obéaranmscher an
LT Gl Bl B A & BB G
€ Intermediate polycarbonate '
composition. The quenching compositicn may be in the form of a liquid 01; é
non-powder solid. A preferred embodiment of the invention makes use of an
alky! tosylate such as n-butyl tosylate as the acidic quencher,

The invention aiso provides a quencher pellet comprising an acidic quencher and

polycarbonate, wherein the acidic quencher is present in an amount of at [east 0.01% by
weight.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows three methods for manufacturing polycarbonates: and -

Fig. 2 shows the reaction of a diaryl carbonate and a dihydric phenol to
© preduce a polycarbonate.



Fig. | shows three nethods for manufacturing polycarbonates; and Fig. 2
shows the reaction of a diar yl carbonate and a di hydri c!$bememben200% oduce
a polycarbonate. 3 19 Septenber 2003 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
In the nmethod of the present invention, residual "al kaline catal yst present
in a polycarbonate conposition formed fromthe reaction of a diaryl
carbonate and a di hydric phenol is quenched using a non-powder quenchi ng

conposition =GV | Paﬁg ption with inproved
properties. %Aﬁeﬂgﬁ%%%éﬁfﬁve t&gwwéﬂloi ds, problens associ ated
with the introduction of dust, while providing quenching of residual

catal yst wi i thed meihen@itn@@p@s’amllmérMOnI Pestlic i élll?ﬁld@@éﬁ[ﬁ@‘ﬁééerﬁ%%d
The met hod, of  t he |nvent| on can be enpl o as a-

quenchi ng pro es& g
fi ni shing sP@fyCF qnate compesttion; farmed fom %%ﬁaﬁeﬂf a/\ﬂl@ﬂél @(ﬁbomteramhu ate
pol ycar bonahed:hwmgﬁeﬁmqa %u%nﬁﬁé@%@ f & FohhSowG&Ch e} %oﬂ{aqadﬂp& o, 4

carbonate and a di hydric €no e presence o
mel t. PrepaPEvidm aoﬁolywbynatebmpesmomm hnmmedspmgeﬁmss Thei metreehni que

k 2003 WO O 6801 PCT/USOO/03123 f
e o 0Bt fRandhhuar fubgyaies SR E S3EacRe B iRe inadyrtoner dust, | O
i ncor por at eWhnermowdmg q@émfﬁﬁ‘?%f rébidual aaﬂ@u)%ftwre@fﬁ&éﬁ%s} tﬂ-ﬁl%?é@ &of OF

(0] er

use in the gg\ the invention is diphenyl carbonat I aryI
car bonat es {%@ &SRV BowEREDaped NHPRShING rgesssbonat es. Vari ous nmet hods
for synthesis of di aryl carbonates are known, for exanple fromU.S.

Pat ent s Nos 210, 268, 5,834,615 and
The methad of the invention can be employed as a finishing step in the

preparation of polycarbonates where an intermediate polycarbonate
composition is formed from the reaction of a diaryl carbonate and a dihydric
phenol in the presence of a basic catalyst in @ melt. Preparation of
polycarbonate compositions using this basic technique are known in the aft,

3a



5,713,453 which are incorporated herein by reference. A preferred dihydric
al cohol for use in the nethod of the present invention it Séitemhen2003A.

Q her di hydric al cohols, including those listed in U S. Patent No.

5,717, 057 mag al so be used. Catalysts used in the nethod of the present

i nvention YO0t he intermediate conposition are basic caParfgso&odeth as
al kali nmetal or alkaline earth metal conpounds or nitrogen-contai.ning

basi ¢ conmpounds which are effective to catalyze the production of

pol ycar bonat Lt.con sation of the diar carbonate and the

di hydric phe‘ﬁg"‘%ﬂf@eo?gf‘hiﬁgn%ﬂew[ M%%%Z@?ﬁﬁ angr 5,81 966 whick caneay be
enpl oyed. Thﬁcdﬁvpbmgdqferéﬁﬁb)} Fafefdricgan provides a finishing step to reduce
or elimnate residual catalyst in the polycarbonate product in order to

mnimze detrinmental  effects on the 'properties of the finished product. In
accor dance wWVhHe @hereferredndinnh carlporateifar sseny theepethodaot thelinadrsidnbig

uenchi ng. coleaFIErbbRs, ot ANl SR ACT AL ke s 10 shakponasilty
carrier; angqymcbssitey. t Mariousnhigthbd® foofsynlitedis ofr aRAj1aLSroeplaysaTdenat e
conposition and the quenchin conpgsition to blend the ‘conpositions and
quench resi d‘&&?”nbaérceﬁﬁ'?@key%fomp@@eréat.?ﬁ?st oS nBeiPsehit §,8M,615r bodat e
composi i 0N 5, A3, usS iier 8 ricBFodrBdl haieitlhg rgupaigher * refers to an acid or

acid derivative (for exanple an ester or a’ sa an acid) which is _
effective to neutralize the alkaline catalyst used in the polycondensation
reacti on wi ¥hBigferged diydrigaispholsfor .@edathenbethcl0oftha(@8LRERVENtIoN is

pol ycar bonal e eCi 5 QUi abindin igBUA BosR hRRE i 0% rasBatNe:

conmpounds dBsE1708%T may also be used.

Catalysts used in the method of the present invention to form the intermediate

- composition are basic catalysts such as alkali metal or alkaline earth metal

compounds or nitrogen-containing basic compounds which are effective to

catalyze the production of polycarbonates by melt éondensation of the diaryl

carbonate and the dihydric phenol. Any of the known catalysts useful for-this
-purpose may be employed. '

The method of the invention provides a finishing step to reduce or eliminate
residual catalyst in the polycarbonate product in order to minimize detrimental
effects on the properties of the finished product. In accordance with the
invention, this finishing step is accomplished by combining the intermediate
polycarbonate composition with a powder-free quenching composition
comprising an acidic quencher in a non-powder carrier: and processing the
combination of the intermediate polycarbonate composition and the quenching
composition to blend the compasitions and quench residual basic catalyst
present in the intermediate polycarbonate compositfon.

As used herein the term “acidic quencher” refers to an acid or acid derivative
(for example an ester or a salt of an acid) which is effective to neutralize the
alkaline catalyst used in the polycondensation reaction without generating by-

4



US Patent No. 5,717,057. Preferred acidic quenchers are alkyl tosylates,

particularly n-butyl tosylate. M xtures of acidic quencht Septaybar 2803De

~enployed. In a first enbodi ment of the invention, the powder-free quenching
conposition that is conbined with the |nterned|ate pol ycar bonat e

conposi t i o938 qui g quenchi ng conposi tion conprising anP&EfEHI¥03123

quencher and a liquid carrier. The liquid carrier should be one which

sol ubilizes the acidic quencher and which is itself soluble in the

pol ycar bonapydubtspviiien rigthdir aeé dreiddl e;:ﬁrobémel%r prﬁr‘éﬂﬁcﬁ?o% tet her

liquid carriers which can be utiliZed include anisole
tol uene, ni RuiRkie Ratenals inpliderthecuifur-sentaining peitia eoppainds| diseibses rear at e

(PETS), and te ui,d powder  f enchi ng
conposi ti Onugaiégf‘e]’ SON@B%?‘@@ gdl ff%@sd aacg@ t%"f/eg?hqrgcqrﬁd?%{ &;yﬂ;ﬂ

st abi | i zerspadt(elalarlyt abbutiz eosylated Migutdskofvatiglt ajiencAdfedmbg Sl% apge the
properties of fﬂye final product. Such additives may also be add
separately $18 Efe guencher, and additive-containi ng powlers nay be
conpacted to provide a conpletely powder free process. The liquid

powder - f r eenIfide Brib SREROST iHeQHvéﬁtIGrPW]’% Itao d@?—?ﬂée’@xérﬁfﬁm% gé*@% higpat e

and m xed, for exanple using an extrud er, di spers
conposi ti orthahis corined with tthUt&W}ﬁ@mﬁ@rpq|ymqumc¢¢mgos¢lonpssa tiqwd can

pal ycar bondl 519 PeifeR GOBPAREE 4 Arkic SliShend abd mUAlEL ofer. ne

manuf act ur i T l)qmdeearnei' shauke benene seh solibidest e 'aﬁid‘i’é‘fc*u@ﬂcgétolaha
mast er bat ch gFI | n| ng .the acidic quencher are utilize
i ntroducti OWY '?h |5@ ybleyJBnihge polysatinnateo| Hc areferedeliquidecarriendser at ch

quencher p bﬁ}léﬂ@aﬂaﬁbgnéfér ”Eétl‘f?gr Radd Eﬁﬁg@%w Orﬂ%ﬁ “@E@ﬁ Jnclude

pol ycar bonat e e acidic quenc and optiona
addi ti ves, aauﬁple,ormehgd pBRGt doluene, mixtures of DPC and anisole, melted

pentaerythrito! tetrastearate (PETS), and giycerol monostearate (GMS). The

liquid powder-free quenching composition may also contain additional
additives, including UV stabilizers, heat stabilizers -and the like which are
added to enhance the properties of the final product. Such additives may
aiso be added separately from the quencher, and additive-containing powdérs
may be c_ompacted to provide a completely powder-free brocess.

The liquid powder-free guenching composition is combined with molten
polycarbonate and mixed, for example using an extruder, to disperse the
quenching composition thoroughly. The iquid powder-free quenching
composition can be added directly to the poiycondensation product, or to
remeited polycarbonate pellets which have been formed as an intermediate in
the manufacturing process.

In a second embodiment of the invention, solid masterbatch peilets containing
the acidic quencher are utilized for introduction of the acidic quencher to the
polycarbonate. These masteratch quencher peﬂéts may be formed by pre-
compounding a mixture of polycarbonate, the acidic quencher, and optionally
other desired additives, and forming peliets.

5



19 Septenmber 2003 WO 00/56801 PCT/ US00/ 03123 The quencher pellets may al so
be fornmed by conpacting a pol ycarbonate powder nasterbat&Beptentbar 2008 t he
acidic quencher into pellets. In these two cases, the acidic quencher is
di spersed within a polycarbonate matrix. The acidic quencher may al so be
i ntroduced WO¥e#Pkd pellets, i.e., pellets of polycarbonat BCT®SOMI03P3: a
surface coating of acidic quencher has been applied. In either case, the
guencher pellets can be added directly to the polycondensation product, or

to renel ted pol ycarbonate pellets i ch have , been fornmed as an
i nt er nedi at eﬂ"i'% qi%g%ﬁgﬁﬁﬁﬁ&sum%gaggo% ormed by romastingpal palyearbonated i n
this way campdgdér @Bsateetatc - ; ﬁ% epar at.e
aspect of trrlpe present - i n?/eﬂt%aﬂ'?%e@%nﬁﬁ%c gﬂgﬁﬁﬁége%ﬁ%oﬁbﬁae&&‘m n
the pel |l et s GaseSetha geigdic qupnoveris dinpersesi withinaamantcasbonateemaet. (e |, -

from about - @5 . L0 e | ycar ate conpositio when the pellets
are added at3‘El C'Iz'i&r?Ci %%reﬁam%g ?%gs%%a'ﬂﬁéapﬁ?qz IFSP?qf@d B%'%%-ai-ﬁonﬁ?’@t§d3fbe
finished. | pogcerbahatet ko swiviehng shdacé heodtRld oF Sadtilc qul ! HeBAsSt
0.01 % by vvrepl ht .of the acidic uench%r, ang.‘gp?)zf%‘\?wgigl )c/;ulg?&h%‘ﬂ?s (Sn_e%ﬁ% by
wei ght of { epled ) 1o gileercrase. e guerchesepeliais (aan beagdest direttiyytotthst

runs were npghdpidRAss PSSt of ! L O] her . conposi tions and
pel | et quencher conptg)%t;i% @ns vt ﬁt- tg?ﬁhﬁ@f&ﬁ@ﬁ@%ﬁ%ﬁ&fﬁ whlich haye
eval uat e t hbeenfforned@s af injemnediateyin thEhﬂaantLiﬁﬁ% proeet¥e ahedQligididronat e
and a UV ab r h 5411 upplied b tec) was neasured. Since
this W abs@%gﬁ fﬁﬁgﬁﬁfﬁ‘é{%w%‘f@geg ,ed?‘[v’ AneR A usenand fauspfasgeace of
resi dual casapgfdte Wabpedthef PeHey CofdReRat if bongpe T, u !
reaction whi_cE occur sb_can be det@;m' ned gihﬁ)ﬁgasm%ggﬁ@%ﬁ%b@%@gﬁie due
to, the Uv HESHpHated dadthes pgllietscis welected to provide the desired amount of
quencher {i.e., from about 3 to 5 ppm) to the polycarbonate composition,
when the pellets are added at an industrially reasonable rate to the
polycarbonate to be finished. In general, this means that the peilets will
include at least 0.01 % by weight of the acidic quencher, and preferably at

legst 0.1% by weight of the acidic quencher.

As described in the exémples below, test runs were made comparing powder-
free liquid quencher compositions and pellet quencher compositions with
powdered quencher compositions. To evaluate the efficiency of quenching.
the reactivity between polycarbonate and a UV absorber (Cyasorb 5411,
supplied by Cytec) was measured. Since this UV absorber has a reactive OH
group, it can react in.the presence of residual catalyst with the polycarbonate
backbone. The amount of this reaction which occurs can be determined by
measuring the UV absorbance due to the UV absorber, and is directly
proportional to.the amount of residual catalyst. Quantitatively, the amount of
reaction can be expressed as |

%UV Retention=



roportional to. the ampunt of residual catalyst. Quantitatively, the
gm)gnt of reaction can be expressed. as %JV Retention= B $6ptSmpeeddey 2003

WO 00/ 56801 PCT/ US00/ 03123 (Amount detected after solvent extraction/ Amount

' -the
detected af &'%0 hydrol ysis) x 100 The higher the UV retention is, -t
better, In ‘%ener&%}{ W retention for unquenched naterials i BCBASPY03EE,

while the UV retention for materials to which an acidic quencher has been
added is 70 to 100% Conparable W/ retention |levels are obtained using

mothod decer LRnGTe RERET AR So et ek Rel BN RN Roeciert ahin

met hod described in the backgroun
further deschydiralysisyx @3 er ence to the fol | ow ng, non-limiting exanples.
- EXAMPLE 1 Experinents on the introduction of acidic quencher using a liquid

I SWco-rotation twin screw
ot uder 6o TGRSR U\ Sty RoAhe BSHEe! @oeengtfal,aha/ Fetantiongfoput of
5300 kg/ hr. uhquedkhiearrhaaiats ROBYaH sn%t WHH@ B VRS ?ér%”' ng

0.1wt % heat  stabilizer and 0.3 wt absorber aso
conpact ed, aWychian peigiradenches masebe&m raﬁided igi 20 4o SO0, f e@dmparfmyeuv

Famp! s vt Sctfon ey e Uit ) Al 5 HARRA T Sl i o

reference sa t
t he powder Mtlevemtcrrh,andnme pr\ﬂEr-bag@di afeihbdge8EstEY 6n %Ehbéa{%{)ﬁ\%?n i on
i n which th%en butyl tosylate was added as a 4% solution 1n pro

carbonat e at 3'9%te of . between 0.5
The invention will now be further described with reference to the following,
non-limiting examples.

EXAMPLE 1

Experiments on the introduction of acidic quencher using a liquid carrier were
performed on a large scale JSW co-rotation twin screw extruder 160 mm at
300C, with a screw speed of 200 rpm and a throughput of 5300 kg/hr. A
polycarbonate powder masterbatch was prepared containing 0.1wt % heat
stabilizer and 0.3 wt % of a UV absorber (Cyasorb 5411). compacted, and
introduced into the extruder via a side feeder. Five samples were run, a
controt sample in which no quencher was added, a reference sample in which
n-butyl tosylate quencher was added as part of the powder masterbatch, and
three samples in accordance with the invention in which the n-butyl tosylate
was added as a 4% solution in propylene carbonate at a rate of between 0.5
and 1.0 kg/hr.  The quencher solution was introduced in the extruder before
the side feeder via a nozzle.

The resuits of these experiments are summarized in Table 1. As shown, the
efficiency of quenching using the method of the invention is comparable to the
reference sampie.



and 1.0 kg/ hr. The quencher solution was introduced in the extruder before
the side feeder via a nozzle. The results of these experid@entembers2003
sumari zed in Table 1. As shown, the efficiency of quenching using the
met hod of the invention is conparable to the reference sanple. 7 19

Sept enber YWOYVEABPI00/ 56801 PCT/ US00/ 03123 ' TABLE 1 Sanpl e QuEATRISHEOZDEIM
quencher % UV Retention Method Control none045 ReferencePowder MB3. 679

1Li qui d2. 465 2Li qui d3. 681 3Li qui d4. 878 EXAMPLE 2 Solid pol ycarbonate

pe| | et s cont cidic HIIPI’LPhPI‘ were prepar ed in the three ways for
eval uat i on. PTféB'eggbunded quencher masterbatch pellets (MBl) were prepared
by dry bl eddl ng of m xture of 100 parts pol ycar bonate powder and 0. B parts
n- butyl tosys ma Het mder—for—a—few .. The A ended. -
mxture wag $ﬂhﬁ écorrpouncb%u&ﬁc'ﬁhqel tritz 9881 ANEasHS, t/!;vpry g@Feé'WO@xt ruder
34 mmat 270C, 250 rpm andvéthogg/ hr. No yacuum was appl I ed during the -
conpoundi ng |[to avoid vol atjili zati on of th¢ quencher Affer conpounding, dry,

Control none 0 45

Reference Powder MB 3.6 79

1 : Liquid . 24 65

2 Liquid 3.6 81

3 Liguid 4.8 78

EXAMPLE 2

Solid polycarbonate pellets containing acidic quencher were prepared in the
three ways for evaluation. -

Precompounded quencher masterbatch pellets (MB1) were prepared by dry
blending of mixture of 100 parts polycarbonate powder and 0.3 parts n-butyl
tosylate in a Hensphei blender for a few minutes. The dry blended mixture
was then compounded in a Leitritz co-rotative fwin screw extruder 34 mm at
270C, 250 rpm and 15 kg/hr. No vacuum was applied during the
coempounding to avoid volatiiization of the quencher After compounding, dry,
transparent and natural pellets were obtaihed, and no processing issues were
experienced. Analysis of the pellets by HPLC determined that they contained
1950 pprm n-butyl tosylate and 400 ppm of patoiuehe sulfonic acid (also active
as a quencher) which was formed from hydrolysis and thermal decomposition
of the n-butyl ester.,



transparent and natural pellets were obtained, and no processing issues
were experienced. Analysis of the pellets by HPLC det ertd Segtetnbat 2008y
contained 1950 ppm n-butyl tosylate and 400 ppm of p-toluene sulfonic acid
(al so active as a quencher) which was forned from hydrol ysis and t hernal
deconposi t WEh0U/EBOk he n-butyl ester. 8 19 Septenber 2003 WO BOr/68@Mdk123

PCT/ US00/ 03123 Conpacted pellets (MB2) were prepared by dry blending a
m xture of 98 parts polycarbonate powder, 2 parts pentaerythritol

t PET, 0 arts of n-butyl tosylate. The dry bl ended
i xt 3?263% %ﬁ%@é&?iﬁﬁgﬁwngﬁé@meg ﬁaﬁr?diﬁdam@ ag;“%@tee@y oo an
| h ) ,
) ahi fggzzyl ?n%&ﬁbﬂatanp aver élgzep I _en%?rﬁg%ﬁl;g_an;n % S (ugg?):éﬁ% 0. o
| ubri cant t @antsrefin-batyldasylgiencThe idon blr?ndsﬁ: mgté?;wgggrmgb?gfgg? :tcig%? ni ng
: 1t u
gbﬁt g?:]f zgpﬁégls&ﬁfg’n% *@%gtﬂ‘ééﬁn%ﬂ%ﬁ%m” gad aclgﬂgé'b?‘jeﬁ? Mt 1o kgipar at us.
Anal ysi s of Thebkaifd wassytpiseed o tddRailVBRgUERTWARE € &y REHEAR! Fithesh %%F?%V g

HPLC, and ipdi cat level s _of 2990 ppmw th excel 'ent consistency
Devi at i on :wh ogggt@ﬂ'-pEEﬂ'& is ysod3As adukrigand taumiaimiae deabgenhetation by

- : ; . el | et
niroduced Trent N ERBAR Lol 1% oBe KRS AR SR Palett bur <

m nutes at 30Ceptphie. Whdrmulatiinst edmtaming hessteandi N@arl2 PETE colildnbytnd
air sprayed into the

tpce)islyla'f1 tseo\(/gpéry\?%gﬁé)dggn g%?sztﬁq%ﬁ?@g; V@bgg%i%nm?é%ﬁhgﬁnﬁﬁym@ gpde MB&r the
top of the pempatted FeIRNSWE doHy by va4.d 0dnd HaicHIod I&reis dHPbIE ao‘re@@&hlﬁ]' e
the quencher was absorbed by the pellets and the m st disappe . e
resul ting perealiest gensistengy (Std. flevigtionaz ¢6).and have
Coated pellets (MB3) were prepared in a 150 liter Nauta-Hosokawa conic
blender. 90 kg of polycarbonate pellets were introduced into the blender at
room temperature and pre-blended for 5 minutés at 300 rpm. While
maintaining the blending, 270 gr of n-butyl tosylate (0.3 wt % of the total PC
weight) were then air sprayed into the pellets over a period of 2 minutes,
creating a mist in the space over the top of the peliets. Blending' continued for
10 minutes, during which time the quencher was absorbed by the pellets and
the mist disappeared. The resulting pellets were dry, slightly hazy, and have
the characteristic odor of the butyl tosylate. HPLC ‘analysis indicated an
average amount of quencher as 2500 ppm, suggesting some guencher
accumuiation on the wall of the blender.

EXAMPLE 3

The peliets prepared in Example 2 were tested for their ability to quench
residuat catalyst in polycarbonate formulations. Experiments were performed
on a large scale in a JSW co-rotative twin screw extruder 160 mm, at 300C
with a screw speed 200 rpm and a throughput of 5300 kg/hr. A
polycarbonate powder masterbatch was prepared containing 0.1wt % heat
stabilizer and 0.3 wt % of a UV absorber (Cyasorb 5411) and introduced into

9



the characteristic odor of the butyl tosylate. HPLC anal ysis indicated an
average anount of quencher as 2500 ppm suggesting sone tHuertbmber 2003
accurrul ati on on the wall of the blender. EXAMPLE 3 The pellets prepared in
Exanple 2 were tested for their ability to quench residual catalyst in
pol ycar bona¥@ 00/548fL| at i ons. Experinents were perforned on aPcangec/eial e
in- a JSWco=rotative twn screw extruder 160 nm at' 300C wth a screw
speed 200 rpm and a throughput of 5300 kg/hr. A polycarbonate powder

mast er bat ch was prepared containing 0.1w % heat stabilizer and 0.3 wt %
of a W absoV'l?e?Xt(Q%SB’?ba Sice) feed®d. i hive sRroRIgsi We'e RN @ Soptrohbamp2O@8 WO
00/ 56801 PCT, t d{ﬂfd' v d Fi ve S | es

run, a cont rgﬁéﬂ%@%ﬁ%ﬁcw hé no quelfl%ﬁgern%v?/agar%ggggdWthr eéY‘§§p| e
in which n- qugﬂcﬁemwﬁsa&@:ledqaerpehemf tha poadide tnastefbatdn, @ndfl‘ﬁ‘e@%\ﬁﬁﬁile%n

mast er bat ch, _and,t hree ?.lta%l n acc H%bnce wth the invention in I C
the UV absor BT dameR Wit @yﬂa@%ﬂ% the HValrsasber ndbigyliosilate was
each type of d t h
(n-butyl tos?ﬁ%dem o?mﬁgb tosyﬁ/t(t%eje% us opg?méetn%d}tﬂep%g ﬁgg{é?)%oased
on the HPLC ¢rdupt withThe mnl quencher g n-butyh tmlayta&el of a- mtgemsmtedpmee@er in

ef 1 ci ency aPURg quiRHle” BT bebek gl i THELET Beblie’T 7 b slelorvae 1 ne

i nvention. Tintrotiedd via @osebrhedd fessteh- ﬁh@egadepre@aéﬁs Trad S are
added in conpacted rather than powder form The results ar?\.ﬁ’%ﬁeﬁ?}f?@%

Table 2. As e wag t@fﬁf"a('}i'%ﬁctiﬁeoq?ff cigney@iithg auanehingheroscasgsodsing thiee
I nvention | Spcﬁﬂig?ﬁff@éjlq%eﬁehémﬁf i #VRRE6n. SARbRN a completely powder-free

process, additive blends are added in compacted rather than powder form.

The results are summarized in Table 2. As shown, the efficiency of
quenching using the method of the invention is comparable to the reference

sample.

TABLE 2

Sample Quencher %UV Retention
Controi none 45

Reference 3.6 ppm Powder 79

MB1 (pre-compounded) | 3.6 ppm pellet 77

MB2 (compacted) 3.6 ppm pellet 78

MB3 (coated) 3.6 ppm pellet _ '81

EXAMPLE 4



TABLE 2 Sanpl eQuencher %4V Retention Control none45 Reference3. 6 ppm Powder 79
MBI (pre-conpounded) 3.6 ppm pellet77 MB2 (conpact ed) 3. 6 pPpSepehibet Z&3VB3
(coated)3.6 ppm pellet81 EXAMPLE 4 10 19 Septenber 2003 WO 00/56801

PCT/ US00/ 03123 Several fornulations of pellets were prepared according to

t he met hod wa&s/8680bed in Exanple 2 and tested for their quen®RITAFOGBIIR ty
of residual <catalysts in polycarbonate. Experinents were perforned on a 65
nm JSWco- rotative twin screw extruder, at 300C with a screw speed of 250

rpmand a t REQEEHI PRl oPOPelleds hwei&égépéié‘d‘ %Vd%BFdiﬁgrg'tﬁéi AEthed

conpacted masterbatches (neat, 1X3 and were prepared and introduced
into the extescribediim Bxample Reandrtestede foretheir gstenchivgpability @f nesistial n

the trial was_97. (% pal ycarbho e % rel ease agent.. 0. 3%.guencher.
The amunt | or bl bRRIRETRRRT iy W rEERRE i A o S Bs o

1X3 refers tpotamle eRIPBRUE egirades £ B0BT Mithaa \Scrk@Q Sjerd’ 8NG80 frpAMahy=0. 355
to 0.53 dug, which contain a_specific_additjve package used for application

whi ch requi r throdghpit irater iogbnd9@rkaiht (Hveel differerti femyiationseofc pptpsictachn
used in the ' 0 9% easf 9 I ] 46%
UV stabili Zg?a.rs't angy%!%fSBoe%geﬁlgger JI'%g?g&rr%rSﬁ?reg’%/érr&;?ﬁgr a'?’gﬁlcﬁéggt,o vﬁ\% h
respect to pekiyederdaa sidedeeder26% LS2 refers to pol ycarbonate

The neat resin composition used in the trial was 97.7% poiycarbonate powder,
2% release agent, 0.3% quencher. The amount of masterbatch used, with
respect to polycarbonate was 0.11%.

1X3 refers to polycarbonate grades covering a viscosity range from 1v=0.355
to 0.53 dl/g, which contain a specific additive package used for application
which require stabilization for ultraviolet radiation. The composition used in
the trial was 0.79% release agent, 39.62% heat stabilizer, 59.46% UV
stabilizer. and 0.13% quencher. The amount of masterbatch -used, with
respect to polycarbonate was 0.26%. LS2 refers to polycarbonate
. grades used in lenses and similar application. The composition used in the
trial was 0.79% releasé agent, 18.85% heat stabilizer A, 4.7% heat stabilizer
B, 70.83% UV stabilizer, 4.7% hydrolytic stabilizer and 0.09% quencher. The
amount of masterbatch used, with respéct to polycarbonate was 0.43%.

Measurement of quenching efficiency was conducted by mean of the standard
UV retention test for sampies 3, 4 and 5 (those containing UV stabilizer).
Viscosity build up in a time sweep rheociogy test (300C, 10 rad/s, 1 hour) was
used for samples 1 and 2 for those which do not contain UV stabilizer. As can
be seen in Table 3, the resulting pellets exhibited a good quenching efficiency
as compared to reference quenched material, fully- validating our invention.

. Table 3

11



grades used in lenses and simlar application. The conposition used in the
trial was 0.79% rel ease agent, 18.85% heat stabilizer A 13S&8tembdat 2003
~stabilizer B, 70.83% UV stabilizer, 4.7% hydrolytic stabilizer and 0.09%
guencher. The anobunt of nmasterbatch used, with respect to pol ycarbonate
was 0. 43% WEMS68@Enent of quenching efficiency was conduct ededayusseanief t he
standard UV retention test for sanples 3, 4 and 5 (those containing W
stabilizer). Viscosity build up in a tinme sweep Theol ogy test (300C, 10
rad/s, 1 hour) was used for sanples | and 2 for those which do not contain
WV stabil i zeFestAsMedgtialbe seen in TabllV3etentieny esul ting pabdsdity exhiigi t ed
a good quencr}:} ng efficiency as conpared to reference quenched materi al,
fully vali dat 'ng our invention. Table-3 11 19 Septenber 2003 WO

00/ 56801PCT/ US00/ 03123" Test Material UV retention, Viscositybuild- up,

| Ref erence (%uenched) (-) 10 $Masterbatch 1 (neat)(-)9 3Reference

(quenched) 85(-) 4Masterbatch 2 (1X3)99(-) 5Masterbatch 3 (LS2)92(-) 12 19
Sept enber 2003 T IS CLAIMEDIS: 9. A nethod for finishing polycarbonate
produced by teactRefgrenrelauesched a. diaryl cafbonate and a dilBydric
phenol in the presence of a basic

2 Masterbatch 1 (neat) (-) 9
3 Reference (quenched) 85 )
4 Masterbatch 2 (1X3) 9% )

5  Masterbatch 3 (LS2) 92 )



catal yst to produce an internediate polycarbonate conposition, conprising
the steps of (a) conbining the, intermediate polycarbonat®Semeambsi 200H
with a powder-free quenching conposition conprising an acidic quencher in a
non- powder carrier, wherein said carrier is aliquid carrier or in the form

of solid t.ch S, said lLiquid carrier selected fromthe group
consi st ng%ﬁiﬁgmmbgg bonate,. anisole, nelted di phenyl carbonate,
tol uene, m xtures of diphenyl carbonate and anisol e, nel tedd
‘pentaerythritol getragt b I t ear L .an ﬁ% .
Brocess?/ng t he cz)'nbi ng\tﬁ%ﬁ?% f?@’%%{gﬁ;@cﬁaﬁe p%l é@ggggﬁﬁyereagg d3i& i on
and t he quemeliafg cimmybsathanate angl arn]cﬂhydi'rm pbmg@siint if@nfre%@ﬁge%f?é‘%sic

resi dual bas] I resent in the inter | ate pol ycarbonate
conposi t | o?n‘,?été')’g%@ AFRkHE '@FHP?#%'E?Q\HR Farhpnaie PeRilieer ceaprising i s a
liquid. 3. thbetemt bpod of claim2, wherein the acidic quencher is an alkyl
tosylate. 4. The nethod of claim 3, wherein the alkyl tosylate is n-butyl

tosylate. 5. The neth of clajm4, wherein the liquid carrier i S p'_ropyl ene
carbonate. 6. The met$@dd ofCrBPRNg dheinderaradiatee pelinachonate c compssitionn

: . 0 .

method of ol P PRI ql NG o s U BiD B AR isheg infbona o

pel I et. 13 nohohept eatien vAido&n said carrier is a liquid carrier or in the form of solid
masterbatch pellets, said liquid carrier selected from the group consisting of:
propylene carbonate, anisole, melted diphenyl carbonate, toluene, mixtures of
diphenyl carbonate and anisole, melted pentaerythritol tetrastearate and glycerol

monostearate; and

(b) processing the combination of the intermediate polycarbonate
c;omposition and the quenching composition to biend the compositions and
quench residual basic catalyst present in the intermediate polycarbonate

" composition.

2. The method of claim 1, wherein the non-powder carrier is a
liquid. ' ‘

3. The method of claim 2, wherein the acidic quencher is an alkyl
tosylate. |

4, The method of claim 3, wherein the alkyl tosylate is n-butyi
tosylate.

5. The method of claim 4, wherein the fiquid carrier is propylene
carbonate.

6. The method of claim 5, wherein the quenching composition

contains about 4% n-butyl tosylate and 96% propylene carbonate.

7. ‘The method of claim 1, wherein the non-powder carrier is a solid
polycarbonate pellet.



WO 00/ 56801 PCT/ US00/ 03123 8. The nethod of claim7, wherein the solid
pol ycarbonate pellet is a pellet formed by pre-conpoundl$h8epeipenzdomat e
and the acidic quencher. 9. The nethod of claim8, wherein the acidic
guencher is an alkyl tosylate. 10. The method of claim9, wherein the

al kyl tosymas eosesom-butyl tosylate. 11. The nmethod of clai ipcpa6igdsgisn t he
solid poiycarbonate pellet is a pellet fornmed by conpacting a m xture of
powder ed pol ycarbonate and the acidic quencher. 12. The method of claim
11, wherein the acidic quencher is an alkyl tosylate. 13. The method of
clai m 12, wherei 8.t he Tei1@k|yllethads§zf a[taerm?s whereirythe $aligypdtyearbbhatel Baiigras hod

of cIa|m7 I.n the acidic her i s coated onto the surface of a
solid pol ycgr%%(‘?g gnbeeqep%pr fgm 8%%&‘:5‘5 Oppig #ndithe. agidicauenakeraci di c
guencher is an alkyl tosylate. 16 The nethod of claim 15, wherein the

al kyl tosylate i 9. n-bahgl metisy bRERIM T, whedite it ki Whh@ﬁchﬁ“@éﬁ%‘l

aci di ¢ quencher and pol ycarbonate, wherein the aci |c quenc Isp esent
in an anountosfatgt | east 0.01 % by weight. 18. The quencher pellet of
claim 17, wherein the acidic quencher is present in an anount of at | east

0.1 %by weight. 144 198efetbe or208/n 9, wherein the alkyl tosylate is n-butyl
tosylate,

11, The method of claim 7, wherein the solid polycarbonate pellet is
a peliet formed by compacting a mixture of powdered polycarbonate and the
acidic quencher.

12. The method of claim 11, wherein the acidic quencher is an alkyl
tosylate.

13. The method of claim 12, wherein the alkyl tosylate'is n-butyl
tosylate.

14.  The method of claim 7, wherein the acidic quencher is coated
onto the surface of a solid polycarbonate pellet.

15.  The method of claim 14, wherein the acidic quencher is an alky!
tosylate.

16.  The methed of claim 15, wherein the alkyl tosylate is n-buty!
tosylate.

17. A quencher pellet comprising an acidic quencher and
polycarbonate, wherein the acidic quencher is present in an amount of at least
0.01% by weight.

18.  The quencher pellet of claim 17, wherein the acidic quencher is
present in an amount of at least 0.1% by weight.



WO 00/56801 PCT/ US00/ 03123 19. The quencher pellet of claim 18, wherein the
aci di c quencher is dispersed within the pol ycarbonate. HOSefthmbguabither

pell et of claim19, wherein the acidic quencher is an alkyl tosylate. 21.
The quenc t of claim20, wherein the alkyl tosylate_is n- gqu I
tosyl ate. rlgé.‘]f?’r%slﬁquencher pell et of claim18, wherein the ng%ggw é:'fvmher
is disposed in a layer at the exterior of the pellet. 23. The quencher

pellet of claim22, wherein the acidic quencher is an alkyl tosylate.
The quencher pel| d9. of THeagquerher WetteebNclkith M, kiterbSiHed GdicSyndidl Y
osyl at e.

24.

15 . .
5d|spersed within the polycarbonate.

'20.  The quencher pellet of claim 19, wherein the acidic quencher is
an alkyl tosylate.

21.  The quencher peilet of claim 20, wherein the alkyl tosylate is n-
butyl tosylate,

22.  The quencher pellet of claim 18, wherein the acidic quencher is
disposed in a layer at the exterior of the pellet.

23.  The quencher pellet of claim 22, wherein the acidic quencher is
an alkyl tosylate.

24.  The quencher pellet of claim 23, wherein the alkyl tosylate is n-
butyi tosylate. '



