; 89e3eh/ 20h, | | m8npn6nT20 $WO 00/ 50489 METHOD FOR QUENCHI NG OF CATALYST I N
THE PRODUCTI ON OF LOW MOLECULAR WEI GHT POLYCARBONATES PCT/ US00/ 01359 Thi s
application relates to the nanufacture of polycarbonates via a nelt

pol ycondensation reaction, and in particular to an inproved nethod for
finishing s¥AW¥IMYJosi tions through the addition of a quentGli/¥HWUAGENt to
neutralize the al kaline condensation catal yst. Aromatic pol ycarbonates are
useful in a great nmany applications because of their desirable physical
properties, including strength and optical clarity. There are three
processes known for the production of aromatic polycar bonaﬂmmwmmmmmne
illustrated in Fig. 1. The conventional interfacial proces

phosgene- based nelt process start with the reaction of phosgenghih carbon
nonoxi de. The "no phosgene” nelt process was developed to elimnate the use
of highly toxic phosgene in the reaction process. Both types of nelt
processes nake use of a diaryl carbonate such as di phenyl carbonate (DPC} as
an internediate, which is polynerized with a di hydric phenol such as

bi sphenol A (BPA} in the presence of an alkaline catalyst to forma

pol ycarbonate in accord i i *159159* WO
00/ 50489 2 PCT/ US001013 .nwﬂ@ﬁgﬂ’%ggi%l%gﬁé%@m be extruded or
ot herwi se processed, and nay be conbined with additives such as dyes and W
stabilizers. In many caseBHE RRRBLYETIAN OFLQVENQLEGULARI dual catal yst has
a detrimental effect on the quality of the product, |eading to poor color)
mol ecul ar wei ght or theol ogi CQVERSHPPOLYCARBONATEY catal yst may al so
interact with additives, detracting fromtheir efficacy. Thus, it is
desirable to reduce the levels of residual catalyst to mnimze these
interactions. Such reduction is referred to as "quenching.” In the
production of optical quality polycarbonates, several reactors are used in
sequence to prepare the final product. The fourth and final reactor in this
sequence subjects the reaction mxture to both high tenperature and high
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sol vent. For akalinplcendersatios sagtyse conpany has nade use of toluene as a
solvent for the delivery of n-butyl tosylate as a quencher. Unfortunately)

this systemn I i o) f i rqducti on
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resul ts in fltheir desirable physical prepertias, inobuding strengtit end optical etdriiabTeereo have
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i s an obj ect wiich laee [ilustrated innkigntli oTihé 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 to eliminate the
use of highly toxic phosgene in the reaction process.

Both types of melt processes make use of a diarylcarbonate such as
diphenylcarbonate (DPC) as an intermediate, which is polymerized 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
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provi de such a system SUVMARY OF THE | NVENTI ON The present invention

provi des a method for quenching al kaline catal yst present in the produtt of
a nelt polycondensation reaction, conprising adding to the product a

sul foni c ac{ydh ®BEbLs quencher in a carrier. The carrier copprus®®ass WO

00/ 50489 3 PCT/US00101359 a first carri,er conmponent effective to solubilize
t he quencher and having a | ower boiling point than the quencher, and a
second carrier conponent soluble in the first carrier conponent and havi ng

a hi gher boi ini fig. Boi Titis tnedysattienatpu gay ke extidegxempthanyise aredessed cansosi t i on
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vacuum | evel mimmzerthesteiptarditions oiSuch eeduation & refertddeto agpqueriohingenpl oyed and
the product desired. In general, however, the term"high tenperature" as
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used in snaller anmounts, while quencher conpositions with | ower quencher
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conposition wll "be from'about 0.1 to 10 % by vol une, prefefabl around 1
% negatively impacts on the process for the continuous production ©
polycarbonates, because decomposition occurs in the nozzle, which results in

fluctuating flow rates.

It would therefore be desirable to have an alternative system for quenching
polycarbonate reactions that occur at high temperature and vacuum, which
does not suffer from this drawback. It is an object of the present invention to
provide such a system.

MARY l N

The present invention provides a method for quenching alkaline catalyst
present in the product of a melt polycondensation reaction, comprising adding
to the product a sulfonic acid ester quencher in a carrier. The carrier comprises



The two carrier conponents together provide a carrier which effectively
delivers the quencher to the product of the nelt polycondensation reaction
wi t hout the aforenentioned processing difficulties. The first carrier
conponent i swa dogwspoi | i ng poi nt sol vent (lower boiling poipaiushaizdhe
guencher), which is capable of solubiliéing the sulfonic acid ester
quencher but which is essentially unreaCtive with the pol ycondensati on
product under conditions of high tenperature and high vacuum Exanples of
speci fi ¢ mat e fiEgst §aKigr campanens effgetivede soluwbilize the qeenahies and baysa drewencl ude
xyl ene, tolu e
stcond comporginy BBERER S RERRRNERHI% sE R it torionih S8R 1"

sul foni ¢ aci dfirgueargereompangnt andbawoy adtighdr rbOtllhe point gharctbammesoher. AN s
second conpon I e ion
Feaction. thogeAby st b Cedn RV RAE harks of BnERyEaBORIEAR
naterlals f ortowe@eas t he second conponent i ncl ude dlphenylcarbonate,
phenol , bi sphenol A (BPA), polycarbonate oligonmers, BPA derivatives and
propyl ene car%gﬂﬁigﬁégﬁgggkﬁibF?gﬁ;;@gﬁ&ﬂgﬁgnponents are conbined in the
guencher conp U I is ratios of fromabout 4:1 to
1:4, preferably around 1:1. The resulting quencher conp05|t|on is injected
into a streanfigf 1 §BPWS Beg aliernativaprosessesder rrofAugios i eplyaadropaiscarded (f or
exanpl e by extrusion) to disperse the quencher conposition throughout the
melt. The resghting $HoWAUCIE afeBctidrOncaivali tout Pah Y Gar BastRalyadd Ridcessi ng
proceeds without the instabilities in flow rate observed mhen only the

| ow boi | i ng skRlveandensationirpagtion. r OVPARATI VE EXAMPLE WD 00/ 50489 5

PCT/ US00/ 01359 A I|qU|d solutlon at roomtenperature containing 1 part
n-butyl tosylgtgAL B SR 3 gqted at a rate of 2.65 kgl hr
into a pipeline in the upper streanlof a nelt pol ycarbonate continuous

react or operat, 0.4, tort. Polycarb te t vvas 4000
ol b < and t nENg Busent fEnRSl prdes A Jobrovi chptPaduSey B8 aRibicB ot o) o
BPA.  Thus, tF@ecmaacttethe/\pmdadd@rdalmlac&daulsdtnmemona@bt vendigoragH.

After one day oper ati on tabilities.jn flow rate were observed due to
t he depositi owgaﬁe'*ge%rﬁt‘{faﬁnﬁ h@‘ %?é’é’Hﬁboéwﬂl %aBPrﬁﬂﬁﬁ‘gbbPeﬁsHBS aﬂg‘?fgiﬁ‘er at

the feedi ng n@ezdre thah viakigiiordinsemperatiretbind QasuIR MPRIINbEESs RPEAdIAg It 1 part
n-butyl tosyl ate 50 parts di phenyl carbonpate and 50 artsﬂ%ol uene was

injected at ah P Ratusy obthesapraratusiemrioyed ARe Ithe Preqidt estigpern Genetah of a
mel t pol ycar bagigdver CRt !eFI'HO’H%hrl%?r?ﬁe%tufe@eﬁsagéétﬁh@t‘enr??e:fgfsaibdte@n;fbrétmés

Pol ycar bonat e t hr oughput was evel of alkaline catalyst

[
(NaOH) was 1 weatwshamrzﬁsb Grand mepierabiyuis, t?‘gﬁé”a%@ﬁ@h@hﬂ Wt dHRACH thea
6-fol d excessypgl ﬁggﬁ/%wurwa%rﬁft&%reiﬁﬂsg alf [daythah m&%a%ﬁ N

instabilities In ow rate were observ he vacuum |l evel I n the reaction
remai ned unchemegsably in the rengs obamus 0Hat0.6 rel ai med i s:

In accordance with the invention, finished polycarbonates are made by adding
a quencher composition to the product of a melt polycondensation reaction.
The quencher compositions comprises a sulfonic acid ester (e.g. alkyl tosylate)
quencher in a carrier comprising first and second carrier components. The
amount of quencher in the gquencher composition can be varied over a
substantial range, since the carrier acts primarily as a diluent to facilitate
uniform addition of small amounts of quencher to the product of the melt
polycondensation reaction. Quencher compositions with higher concentrations



PCT/ US00/ 01359 1. A nethod for quenching al kaline catal yst present in the
product of a nelt polycondensation reaction, conprising adding to the
product a sulfonic acid ester quencher in a carrier conprising a first
carrier conpwoentessf fective to solubilize the quencher andedyaydony@isgy | ower
boi ling point than the quencher, and a.ggcond carrier conponent soluble in
the first carrier conponent and havi ng hi gher boiling point than the
guencher. 2. The nmethod of claim 1, wherein the sulfonic acid ester
quencher is Aba¥sNchenHesn be asedin srhllerameyatsophile guencher aprapesitionshuiths econd

carrier Conpwtqubﬁcﬁlcgﬁ&&ﬁraftlb%%e rlﬁ%g&;ﬁgﬁblﬁﬁé aPle att esame

di phenyl car bonat e, phenol) bi sphenol ycar bonat e o goners, BPA
derivatives #nal Ipveipwfeqwmmrbohageneml ﬂlfﬁéeYﬁétCIdeIJe@Eh@I i thelquedicbeei n t he

first carrie I f o t Xyl ene,
t ol uene, benggﬁg%ﬁﬁf@r"o%if@ﬁﬁg%ﬁﬂst%ﬁ)g]étﬁgv Ipﬁ%pggér@%hg dr@@noﬁ]e/ met hod of
claim4, wherein the second carrier conponent is selected fromthe group

consi sting offhaityneatries seHBRARRNS tqgeties Providesp Raisr whichisfiaptively Helvaroonat e
ol | goner s) Bﬁt% g&fdf chat Io"ﬁx% BAudt' RN FIR Wyé&‘ﬂﬂ@ﬁ?&hoﬁ rea_& rUﬂIIbng tﬁk{r claim

5, wherein t oni c aC| ester quencher” 1's nbuty osy
met hod of cl| aforeegnticinedeprocesaing idiffqultias: rTI@rf’nsbr@pummonnmneot ie@elows. The

met hod of cl Bbﬂ},gpogf]?ﬁlﬁéﬂ r(rf'g%r ﬁﬁ'g?lﬁf"{h Q%%ﬁ%ﬁ&@ﬂnhhkﬁls capable of

di phenyl car bORAt tho erern PEF Pl er
conponent i ssolobilizing the siondDa&d 48@r quediedd0OWBILB59 eﬂsﬁent'ﬁhyeunwabﬁ)m of
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first and seb[ghd/acamnm eExacrmIgmmfesrpesif antatmmamtabimfoausatas mheaﬁrsabamer 1:1, by
volume. 12. The ne f.clalm 10, wherei on c acid ester
quencher is 88@8?%%[8 wc@ﬁet ﬁﬁé@ar&% eatbegz?'i?/ef Pﬁ?ﬂeﬁ)&n'?cﬁe 1%“% by
vol unme. 13. eétwibeetéred of claim 12, wherein the suI fonic acid quencher is
n-butyl tosylate. 14. The nethod of claim 12, wherein the second carrier

conponent is g

phenol , bi spﬁgﬁoﬁ%%hﬁ(?égwn [enﬁ/scé@ %ﬁgﬁ gsﬁ%ggqq@%rqggﬂ‘%nélr)ﬁ@ 'ﬁ)ﬁgﬁse and
propyl ene casbifomid acid mena‘rlrar and tmt:Ie sblubleainrthd 2rstwoepenentt hEhié isestndcar ri er
conponent is_sel ect

f I I
benzene, chl S?WBgﬁ?ﬁng'”r@%qugBﬁ%g éﬁﬁé}fé@g g%eﬁ%eﬁ)gn%%aﬂéﬁﬁ%%%%? claim
15, wherein ths mmgitmantroc&rctlommpmmmmmes S Thes, esuitalole frmaterials dorgrselgs
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polycarbonate oligomers, BPA derivatives and propylene carbonate.

The first and second components are combined in the quencher compositions
used in the invention is ratios of from about 4:1 to 1:4, preferably around 1:1.
The resulting quencher compaosition is injected into a stream of melt
polycondensation reaction product and processed (for example by extrusion) to
disperse the quencher composition throughout the melt. The resulting products
are high quality polycarbonate, and processing proceeds without the
instabiiities in flow rate observed when only the low-boiling solvent is utilized.

COMPARATIVE EXAMPLE



17. The method of claim 16, wherein the sulfonic acid quencher is n-butyl
tosylate. 18. The nethod of claim 17, wherein the first carrier conponent
is toluene. 19. The nethod of claim 17, wherein the second carrier
conponent i sy¢lbopomayl car bonate. 20. The net hod of cl ai m 1PCTVUSFHBH t he
first carrier conponent is toluene. O 00150489 8 PCT/US00/ 01359 21. The
met hod of claim1, wherein the quencher and carri er are added to the nelt
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A liquid solution at room temperature containing 1 part n-butyl tosylate, 50 parts
diphenylcarbonate and 50 parts toluene was injected at a rate of 2.65 kg/hr into
a pipeline in the upper stream of a melt polycarbonate continuous reactor
operating at 285°C and 0.4 torr. Polycarbonate throughput was 4000 kg/br,
and the level of alkaline catalyst (NaOH) was 1 X 10 mole/ mole BPA. Thus,
the quencher was added in a 6-fold excess relative to NaOH. After several
days of operation, no instabilities in flow rate were observed. The vacuum level
in the reaction remained unchanged.
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1. A method for quenching alkaline catalyst present in the product of a melt
polycondensation reaction, comprising adding to the product a sulfonic acid
ester quencher in a carrier comprising a first carrier component effective to
solubilize the quencher and having a lower boiling point than the quencher, and
a second carrier component soluble in the first carrier component and having a
higher boiling point than the quencher.

2. The method of claim 1, wherein the sulfonic acid ester quencher is n-
butyl tosylate.

3. The method of claim 1, wherein the second carrier component is
selectad from the group consisting of diphenylcarbonate, phenol, bisphenol A
(BPA), polycarbonate oligomers, BPA derivatives and propylene carbonate.

4, The method of claim 1, wherein the first carrier component is selected
from the group consisting of xylene, toluene, benzene, chiorobenzene, anisole
and ethylbenzene.

5. The method of claim 4, wherein the second carrier component is
selected from the group consisting of diphenylcarbonate, phenol, bisphenol A
(BPA), polycarbanate oligomers, BPA derivatives and propylene carbonate.

6. The method of claim 5, wherein the sulfonic acid ester quencher is n-
butyl tosylate.

7. The method of claim 6, wherein the first carrier component is toluene.

8. The method of claim 6, wherein the second carrier component is
diphenylcarbonate.

9. The method of claim 8, wherein the first carrier component is toluene.
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10. The method of claim 1, wherein the first and second carrier components

are present in a ratio of 4:1 to 1:4, by volume.

11. The method of claim 10, wherein the first and second carrier

components are present in a ratio of about 1:1, by volume.

12. The method of claim 10, wherein the sulfonic acid ester quencher is

combined with the carrier at a level of from 0.1 to 10 %, by volume.

13. The method of claim 12, wherein the sulfonic acid quencher is n-butyl

tosylate.

14, The method of claim 12, wherein the second carrier component is

selected from the group consisting of diphenylcarbonate, phenol, bisphenol A

(BPA), polycarbonate oligomers, BPA derivatives and propylene carbonate.

15. The method of claim 12, wherein the first carrier component is selected

from the group consisting of xylene, toluene, benzene, chlorobenzene, anisole

and ethylbenzene.

16. The method of claim 15, wherein the second carrier component is

selected from the group consisting of diphenyicarbonate, phenol, bisphenol A

(BPA), polycarbonate oligomers, BPA derivatives and propylene carbonate.

17.  The method of claim 16, wherein the sulfonic acid quencher is n-butyl

tosylate.

18. The method of claim 17, wherein the first carrier component is toluene.

19. The method of claim 17, wherein the second carrier component is

diphenylcarbonate.

20. The method of claim 19, wherein the first carrier component is toluene.
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Ent r yWor dDocurddnt 2dhe methed/pf (:53«11114 whe1ein Akg puencher and carrier are added to

the melt polycondensation product under conditions of high temperature and

high vacuum.



