Title: METHOD AND APPARATUS FOR PREPARI NG MONOFUNCTI ONAL AROVATI C
HALOFORVATES Abstract A continuous process for the preparation of

nmonof unctional aromatic hal of ormates (MAH) havi ng st ructd@r@eptdmhben2008i n n
is an integer froml to 5 and R err] represents hydrogen, a branched or
unbranched al kyl group having from 1-15 carbon atons, an aryl group which
may be substituted or unsubstituted, a cycloaliphatic group which nay be
substituted or unsubstituted, or an arylal kyl group which nay be
substituted or unsubstituted, and Xis F, d, Br or I the nethod conprising
the steps of (a) introducing (1) an aqueous caustic solution; 2) a

car bonyMETebD ANDOSRPARATEE FbEMPWG”MNUFBN@WONN@'ARBMWI@X}YA%PWATES conpound;

and 4) at |east one inert organic solvent into a continuous " reaction
system and (b) effecting contact between 1), 2) 3) and 4) for a tine and
at conditions sufficient to produce MAH of structure (I). 30 Septenber 2003
METHOD AND APPARATUS FOR PREPARI NG MONOFUNCTI ONAL AROVATI C HALOFORVATES

FIELD OF THE INVENTION

This invention relates to a process and apparatus for the continuous
preparation of monofunctional aromatic chloroformate products by an
interfacial process. The monofunctional aromatic chloroformates are suitable
for use as endcapping agents in polymer synthesis.

The present invention further relates to a process for préparation of a
polycarbonate, in which the process for continuous preparation of
monofunctional aromatic chioroformate products is coupled with an intérfacial
polycarbonate synthesis. The endcapping agents produced by the
continuous process are introduced into the interfacial polycarbonate synthesis
to obtain the desired polycarbonate product.

The present invention further relates to a method of controlling the
variability of the molecular weight of polycarbonate produced in a series of
batches. The method utilizes the process for the continuous preparation of
monofunctional aromatic chloroformate products by an interfacial process.




FI ELD OF THE I NVENTION This invention relates to a process and apparat us
for the continuous preparation of nonofunctional aronmatic chlorofornate
products by an interfacial process. The nonofunctional 3@rSapigmicer 2003
chloroformates are suitable for use as endcappi ng agents in pol yner
synthesis. The present invention further relates to a process for
preparation of a polycarbonate, in which the process for continuous
preparation of nonofunctional aromatic chloroformate products is coupled
with an interfacial polycarbonate synthesis. The endcappi ng agents
produced by the continuous process are introduced into the interfacial
pol ycarbonate synthesis to obtain the desired pol ycarbonate product. The
present invention further relates to a method of controlling the
variability of the nolecul ar wei ght of pol ycarbonate produced in a series
of batches. The nethod utilizes the process for the continuous preparation
of nonofunctional aromatic chloroformate products by an interfacial
process. 1 30 Septenber 2003 BACKGROUND OF THE | NVENTI ON The i ntroducti on
of nDnOfUﬂCtBAOR'GF@OQ}KﬁﬁtW?hEQW?N-F@ﬁS into a. polyner synthesis
provi des a nmeans to control the nolecul'ar weight of the polynmer to be
formed. In general, the greater the quantity of endcappi ng agent

i ntroduced into a polyner 'synthesis, the |ower the nol ecul ar wei ght of

t he pol yner_ product. Monofunctional aromatic chloroformtes are

The introduction of monofunctional aromatic chloroformates into a,
polymer synthesis provides a means to control the molecular weight of the
polymer to be formed. in general, the greater the quantity of endcapping
agent introduced into a polymer synthesis, the lower the molecular weight of
the polymer product.  Monofunctional aromatic chloroformates are
particularly suitable as endcapping agents in interfacial polycarbonate

* synthesis because they enable production of a polycarbonate in a single step
phosgenation with a substantiaily lower level of diarycarbonate(s) (DAC) than
products produced using a hydroxyaromatic endcap, such as p-cumy! phenol.

Diarylcarbonates have a low melting point, compared with the glass transition

temperature of polycarbonate, and are therefore the last components to
freeze during.a polycarbonate molding operation. Therefore, polycarbonate
with significant levels of DAC requires longer molding cycle times compared
with polycarbonate that is substantially free of DAC. Further, because DAC
can sublime, a poiycarbonate ‘containing diaryl carbonates can lead to
undesirable effects, such as “plate out" in which the DAC from previous
molding cycles condenses and deposits on the mold and leads to blemishes
in- subsequent moldings. The term “DAC" as used herein is understood to
include also di(alkylphenyl carbonates) and di(arylphenyl)carbonates.




particularly suitable as endcapping agents in interfacial polycarbonate
synt hesi s because they enabl e production of a polycarbonate in a single
step phosgenation with a substantially |ower |evel of dOs3eptembe?R08(s)
(DAC) than products produced using a hydroxyaronmatic endcap, such as

p- cunyl phenol. D aryl carbonates have a |ow nelting point, conpared with
the glass transition tenperature of polycarbonate, and are therefore the
| ast conponents to freeze during a pol ycarbonate nol di ng operati on.

Therefore, polyqgar hediad ] pani ficant -1 eyel s of DAC requires |onger
nmol di ng cycle tines con%améﬁéﬂ%ét'%ofg‘m%‘% Fofarmates, dubswauldi el y free

of DAC. Furdeséableoter misimiZ3ASrodietios Wb a ' cQnt ai ni ng
di aryl car t[)gi atfes an lead to unglesi rggiﬁgdg?tfgléps?, &@E’Eﬁ%ﬁp er’é\lPetp'ﬁur in
whi ch the %‘9 FRRial RERreaticr clprafornatee doc dred cusars mnda depesédsern t he

mol d and | eflimészdtionm 2 gt q t nmoldings. The term " DAC' as
used herein_i's underst 5?)%&?8 “’i&rﬁ‘%ﬁﬂgﬁ&aﬁ?@‘%ip&g ﬁ‘gl éﬁeﬁfﬁh daeledst 8s) and
di (aryl phe&igtilatiemomths followBy dispussidrerthadd6@n me@mg&gop&g%{co al
aromatic c L m?.‘ta?s, J uld, pe . desirable to mnimze pro L& Pon of
by- pr oduct . IgF‘%tls Wouf'@MaiGy higreformainr wwarapeund  sopnanixture  of

chl or of or matandfendtionas erbmaticcHiGrOFRHHRE ContRuKAE! | Zation reaction w thout
first being purified by such nmethods as rstilTation. In the follow ng

di scussion, the term"MAC' or "MACs" refers to a nonofunctional aronatic
chl orof ormat e conpound or m xture of nonofunctional aromatic chl oroformate

conpounds.
Known process for the production of MACs by an interfacial process

include the batchwise production of MACs, with subsequent storage for later
use in polymerization,

U.S. Patent 5,399,657 (Van Hout et al) discloses a method of
preparing MAC in a batch process. A solution of phosgene in a solvent is
introduced into a reactor, to which phosgene and a phenol compound are
then added while maintaining the temperature at a value in the range of 3fo 5
°C. The pH is maintained within a desired range by addition of an aqueous
cagstic solution. Excess phosgene is then depleted from the product by
reaction with caustic. The production of MACs in U.S. 5,399,657 involve lbng
batch times; typically in the range of 30 to 60 minutes.

U.S. Patent 5,274,164 {(Wettling et al) discloses a method of preparing
aryl chloroformates by the reaction of phenols with phosgene in the presence
of organic phosphorous compounds. The process requires long reaction
times, and the addition of a catalyst, such as the organic phosphorous

compounds, necessitates extra process steps to recover the catalyst from the
product.




Known process for the production of MACs by an interfacial process include
t he batchw se production of MACs, wth subsequent storage for later wuse in
pol yneri zation. U S. Patent 5,399,657 (Van Hout et al) d0sS¢pievker2008t hod
of preparing MAC in a batch process. A solution of phosgene in a sol vent
is introduced into a reactor, to which phosgene and a phenol conpound are
then added while nmaintaining the tenperature at a value in the range of 3

to 5 C: The phliss kdHtaign i hi desifednr agddi { | of .an
aqueous causti}mqsgoﬁltt%n.‘jﬁ@%géi Eﬁ%@%gﬁeb?sgphgnﬁﬁ%%%lsetgd "%‘J#g’ﬁptﬁ’é
product bypreparationoef ant aramatix polycatmonate duith iaMAC WAdeapping. 8geft. 399, 657

i nvol ve | i nES: ical [y in th f 60 i . U S
bat ont 5. Mordlie foBLERTR sl A sitiel peeitert it foahasgphe galditiag. onr yl
chl or of or faedeldyatt AesikgiRCHOIAD il@‘;t]hé’ hieh %d&ﬁm@ﬁ?&lﬁﬂfaﬁcﬁ& *té‘eprBBﬁéﬁ‘frg . of

organi ¢ phosphorous conpounds. The process Tequires [ong reaction
and t he a@@lycathonate o with dpwstDACuch Bhist psocessanihowevesphhasuseveriipounds,

it ( t ] t h t al t f th duct.
5750 Sept SRadvablRes; PSR ERToN G MAG TS e faleizblion feaglion| aishs o
met hod of specifipapaint aurin e Polymbligativn, Y e MAGE fuktt Bed sMiiReeBgaPPI NY

agent. Accqrdin o Bussink, the MACis either present prior to phbsgene
addi ti on, PBY '@@Mﬂﬁ*@&ec@t Fyrther, dleliven of a iqwantity of MAE pb Rysnecificapoioh

reaction {tHes RstdAHrocess usually requires an additional apparatus for storage and
charging.

EP-A-207 292 discloses a process for the preparation of bischloroformates by
reaction between dihydric phenol and phosgene in a biphasic (organic/aqueous alkali)
medium. This process, however, is not a continuous process and does not teach the
making of monofunctional aromatic haloformate products.

EP-A-523 686 discloses a continuous reéction of dihydric phenols with
phosgene in a biphasic system for the preparation of polycarbonate oligomers, but

there is certainly no disclosure of any method of forming a haloformate terminated
monomer product. ' '



pol ycarbonate with | ow DAC. This process, however, has several
di sadvantages. In order to deliver MAC to the polynerization reaction at a
specific point during the polynerization, the MAC nust B Sspierhbai2068,
purified, and stored. Further, delivery of a quantity of MAC at a specific
point in the batch process usually requires an additional apparatus for
storage and charging. EP-A-207 292 discloses a process for the preparation
of bischloroformates by reaction between di hydric phenol and phosgene in a
bi phasi ¢ (or ganj eous al kal i) di um ‘This process, however, is not a
conti nuous pr nge\ggagﬁlae §8§'§atﬁ8tt°td@é’@ R AProness whembntheoMACS nunabe
aromatic duicedrdirectv ods - j ses .a,continuous reaction
of di hydr :pgb phenol s wﬂa{'h%{gﬁggégﬁeﬁ?%?gfog?%ﬁgi&gﬁ&@ygpgnm ¢t NYP¥Har at i on
of pol ycalF¥Hgre lbwcg-twrélesﬁvmmorehdmérameQerdab[ﬁwgrtgbrq;rﬁ@lug}*beegg any
30 Se

met hod of ] f te term nated npnonmer product. pt enber
2003 It WB{BH%E%Q%%SW% gé‘[ﬁg ﬁ%ﬁp HC8d JRoRR s onvdrsnang” rhennesCs Tidy be
produced dioukt peymitvditdtd Woipll f hEd | Qn d in_a.continuous
manner. |t vvoulpd qle elven nnurrpeﬁ%g?ﬁgb%??rgééﬁédp%ab%% Ph%ﬂgn%‘?%ess
wher eby t ReIYRIRRZalen IogRssy Patinudarly a palycashbonitemydthasie pedceshi Suctwoul d

1t di] i . 1t bat ch t
Dol yrner | 2o redt EddIEd Broboss Mo i esirblle et & workhpvoRh s,
Such a diisksctdsgociated edlithpr mafrtsinimy | gh lqgvg@tgw oy rhecapse pihtOSEQHé-d avoi d

the - - .
containing materials associated with MAC production. '

Aq on-demand process for MAC synthesis would further provide a significant
reduction in both phosgene exposure risks and cost of production compared

with a batch process for MAC synthesis. None of the disclosures discussed
above meet these criteria.

4a



ri sks associated with maintaining an inventory of MAC and phosgene-
containing materials associated with MAC production. An on-denmand process
for MAC synthesis would further provide a. significant 308kptember 2003bot h
phosgene exposure risks and cost of production conpared w th a batch
process for MAC synthesis. None of the disclosures discussed above neet
these criteria. 4a 30 Septenber 2003 It would further be desirable to
devel op a process requiring shorter processing tinmes to produce the MACs

h b h h f | b
Synt oot s T SRl flutler” o8 SRBEBIE 0B, dRvaltiora oFfoRRss vieguiin pansutege a
product ha rcmesksmg tm&s e piciticeand MAG@QhQHﬂb}rtbﬁé cdi é@Wltﬂrﬂ&ﬂm@‘éyscon ol

desirabl e to devel op a process in which excellent ecula
of a pol yc8F b&atahe praseseedor npalycarhanatacisynthesis:t |reapestlve£ych(\mﬂmitt

e ol acf SrAICHR 618, MAT) ) Bkl pBEE B "KaldG SRR, Foriel gt "

control, i geodquahhyol of the variability of nolecul ar wei ght of the

pol ycar bonate produced in a reaction or series of reaction, is directly
related to control of the nolecular weight viscosity. Ml ecular weight
determ nes nol ecul ar wei ght viscosity; therefore maintaining the nol ecul ar
weight in a narrow range results. in the maintenance of nol ecul ar wei ght

\\xe'sg ﬁtsu f, ?/Si:tg\;l&tllg ra?sncr be desirable {d develdpsa badtelstin WIRtR eXcBIddtemBRLERY! ar
weight control of a polycarbonate produced in an interfacial reaction is
achieved. Molecular weight control is usually measured by the standard
deviation of the molecular weight for a series of batches. Good molecular
weight control, i.e. control of the variability of molecular weight of the
polycarbonate produced in a reaction or series of reaction, is directly related
to control of the molecular weight viscosity. Molecular weight determines
molecutar weight viscosity; therefore maintaining the molecular weight in a
narrow range results. in the maintenance of molecular weight viscosity in a
narrow range. It is desirable to maintain the molecular weight viscosity in a
narrow range to control processibility of the product. For example, narrow
control of the motecular weight viscosity over a series of product batches
would enable a moiding machine that is processing polycarbonate from these

batches to operate for extended periods of time without adjustment.

BRIEF SUMMARY OF THE INVENTION

The present invention solves these problems, and provides further;
surprising properties. These and further objects of the invention will be more

5



narrow range to control processibility of the product. For exanple, narrow
control of the nol ecul ar wei ght viscosity over a series of product batches
woul d enabl e a nol ding machi ne that is processi ng pol yca&Odaperabdér2®iBt hese
bat ches to operate for extended periods of tinme w thout adjustnent. BRIEF
SUMMARY COF THE | NVENTI ON The present invention solves these problens, and
provides further surprising properties. These and further objects of the
invention will be nore 5 30 Septenber 2003 readily appreciated when
considering th 1 i - ed clainms. In a first

O BberIctef e U EidR NG 1B Sl Sistiasure nd spRgdert  on

aspect, the inverntion relates to a con

of nonof unct i4RiEIS. ar omati ¢ hal of ormate suitable for use as endcappi ng
agents in polyner synthesis having the structure (V) wherein n is an
integer froml1l to 5 and R represents hydrogen, a branched or unbranched
al kyl group having from 1-15 carbon atons, an aryl group which may be
substituted or unsubstituted, a cycloaliphatic group which my be
substituted or unsubstituted, or an arylal kyl group which nay be
substituted or unsubstituted, and X represents brom ne, fluorine, iodine or

chlorine; the pehha@dt cRpBS ShdInichBostreREOto @) chRfHRHYCHBEY f@NHadueous

caustic solution; 2) a carbonyl haljde; )
preparation of monofunctional aromatic haloformate suitable for use as endcapping

agents in polymer synthesis having the structure (V)

.
7\ £
(R.‘in Q—O W)

wherein n is an integer from 1 to 5, and R, represents hydrogen, a branched
or unbranched alkyl group having from 1-15 carbon atoms, an aryl group
which may be substituted or unsubstituted, a cycloaliphatic group which may
be substituted or unsubstituted, or an arylalkyl group which may be

substituted or unsubstituted, and X represents bromine, fluorine, iodine or chlorine: the
method comprising the steps of

a) introducing
1) an aqueous caustic solution:

2} a carbonyl halide;

3) at least one monofunctional hydroxyaromatic compound: and

6



3) at |east one nonofunctional hydroxyaromatic conpound; and 6 30 Septenber
2003 4) at least one inert organic solvent into a continuous reaction
system and b) effecting contact between 1), 2), 3) and 3#)Seréemben30f8 and
at conditions sufficient to produce a MAH of structure (V). In one

enbodi nent, the invention relates to a continuous pr ocess for the

prepar at i on4bat ieasbone inérborjaniy Sontinted 854 hayi n the
structure (1) wherein the carbonyl halide int rrg{ uce ?t@@@%%%‘y?n hl ori de.

I n anot her enbodi nent, the invention relates to a continuous process for
the preparation of an MAH product having the structure (1), as defined
above, conprising the steps of a) provi di ng a reaction systemconprising a

react or conis) éffédflﬂ] COREI iIlthlvderpf tor,_and a neans for
conveyi ng f through the reé[gg u;p u‘gfﬁﬁr‘a @&c?ﬁa Hacenditions i nput

|
at the ups?%‘é{ﬁﬁ'té?lﬂmgl"f QN%Pf%tfu%l!ret(Hb downstream end; . b) introducing

into the tubul ar reactor ‘at the input of the upstream end a feed stream

conprising an ilnere emgadlmnsqweﬁ\tenﬁ@ﬁ‘ r8lafRngf YNehhgnal drox rrat| c
conpound,; éd Ormﬁ to t he tubul ar areact o%&'car ﬁ Fesc,sh %Ie d)
9

i nt roduci Ag 11 an aunaiic chfer qabf@ﬁﬁ%(%@)smamgﬂ)b lstructm;e @ 30

Sept enber 2003
\\
/ 'C"Cl
Ror—% o 0

wherein the carbonyl halide infroduced is carbonyl chioride.

In another embodiment, the invention relates to

a continuous process for the preparation of an MAH - product having the

structure (1), as defined above, comprising the steps of

a) providing a reaction system comprising a reactor consisting
essentially of a tubular reactor and a means for conveying fluids
through the reactor; the tubular reactor having an input at the
upstream end and an outlet at the downstream end:

- b) introducing into the tubular reactor at the input of the upstream

end afeed stream comprising an inert organic solvent and a
monofunctional hydroxyaromatic compound:

¢) introducing into the tubular reactor a carbonyl chloride;

d) introducing into the tubular reactor an aqueous caustic  solution;

7




e) effecting contact between the carbonyl chloride, the nonofunctional
hydr oxyar omati ¢ conpound and the aqueous caustic solution for a tine
period and at conditions sufficient to yield the MAH pr cdBspterhberdd06Bher
enbodi nent, the invention relates to a tubular reactor system conprising
a) a tubular reactor having an upstream end and a downstream end and at

| east one input and at | east one output; b) nmeans to introduce carbonyl
chl ori de, aqueous caustic solution, nonofunctional hydroxyaromatic
conmpound and inert organic solvent to the reactor; the, phosgene, aqueous
caustic solution, nmonofunctional hydroxyaromatic conpound and inert
organic solvent ip the tubular reactor conprising a reaction m xture ; c)
means to confdy EHECting:sontast hetween ther maybonylechlobidbarthe e Adri %HH?]%[
turbulent fl¢ d@gﬁt&*g@gﬁm@ﬁfri ﬁeﬂ_@gy a Reynol ds number of %'6 to

20, 000. 8 30 epatj er nF8ft fsh aayeoksr caustia solutionvik® @ dipa ed
by the af or eperiod anddat cvatitiofls sufflefsHtit® Rie ms Wt iz t he net hod
coupl ed with pol ycarbonate polyneri zé??ﬁazégt en&A%H?d&gf‘ycar bonat es
produced by these systens. In a second aspect, the invention relates to a

the preparation of polycarbonate products in a batch interfacial
pol ymeri zati on process coupled wth the continuous process for the

preparation i aNbfhepr embbtitnerdNthe invention relates to a tubuiar reactor system
comprising

a} a tubular reactor having an upstream end and a downstream end and at
least one input and at least one output; -

b) means to introduce carbonyl chloride, aqueous caustic solution,

monofunctional hydroxyaromatic compound and inert organic solvent to the

reactor; ' i
r; the phosgene, agqueous caustic solution, monofunctional

hydroxyaromatic compound and inert organic solvent in the tubular reactor
‘comprising a reaction mixture ;

c) means to convey the reaction mixture through the tubular reactor, under

turbulent flow conditions characterized by a Reynolds number of 200 to
20,000. -




met hod of controlling the variability of nolecular weight in a series of
product batches using this process. . In one enbodinent, the invention
rel ates method of preparing a polycarbonate conpri si ng30reptaress 2603 a)
chargi ng at | east one di hydroxy conpound, an inert organic solvent, water,
caustic, carbonyl halide, and catalyst to a vessel, and maintaining the pH
of the reaction m xture between about 4 and about 12; and b) within an
i nterval of between 0 and about 90 % of the total carbonyl halide addition

to the vessel, Thet inventidtofurthe? 36l g oduces monof uncti onal
aromatic chltﬁrgforrrat.es ( MAC) Q%’%E@Fﬁ%%%?lr% gﬁﬁﬁgﬁwﬂﬁet%omﬁ@ewwa Wit hin
t he i nt er PAFINBAS.oraastion systegts wiliging tthe methaid é@.ﬁﬂﬂéﬂ)ﬁhitﬂgﬂl rggrqgt%i on to
the vessepplynfe ﬁ§ﬁ§§/ raﬁgos where the MAC reaction systemis coupl ed
with the véssel, an O1% 30d Holyca ORAtes inledugeast by thesevsystems. t he MAC
fromthe reaction systemto the vessel. The invention further relates to a
nmet hod of controlling the variability of '

In a second aspect, the invention relates to a the preparation of
polycarbonate products in a batch interfacial polymerization process coupled
with the continuous process for the preparation of MAC products, and a

method of controlfing the variability of molecular weight in a series of product
batches using this process. .=

In one embodiment, the invention relates method of preparing a
polycarbonate comprising the steps of

a) ch_arging at least one dihydroxy compound, an
inert organic solvent, water, caustic, carbony!
halide, and catalyst to a vessel, and maintaining
the pH of the reaction mixture between about 4
and about 12; and

b) within an interval of between 0 and about 90 %
of the total carbonyl hafide addition to the vessel,
activating a reaction system that produces
monofunctional aromatic chloroformates
(MAC) and introducing the MAC to the
vessel within the interval of 0 to about 80 % of
the total carbonyt halide addition to the vessel;

9



t he nol ecul ar wei ght by repeating the process for the nunber of desired
batches, with substantially the sane anmount of carbonyl halide, caustic and
MAC and inert organic solvent. In a further enbodi ment, 30Hzentervleert306a

relates to a method of preparing a poylcarbonate conprising the steps of
a) charging a vessel with at | east one di hydroxy conpound, an inert organic
sol vent, water, and optionally caustic; thereby formng a reaction m xture;
b) after step a), sinultaneously introducing a carbonyl halide and a

caustic to the v \ning. the reaction mxture while maintaining
the pH of the reg@t%%%ﬁé)n%ﬁ? Adignstems Geupledwithabout 12; c) within an

interval of betwethe Yessef, altbwhefdniédml atr@%r&ﬁ&?ﬂj el bonyl halide addition
t ha

to the vessel, actiyvating a reaction syste produces nonofuncti onal
aromatic chl or of oFHMEEK Of (eoMAL fromh theothaction systenMaC to the vessel within
the interval of Oeosetiagut 90 % of the total carbonyl halide addition to
the vessel; where the MAC reaction systemis coupled with the 10 30

Sept enber 2003 vessel, and where nmeans are provided for delivery of the MAC
fromthe reaction systemto the vessel. The invention-further relates to a
met hod of controlling the variability of the nolecular by repeating the

process for the ; Lt ed tches, wth substantially the sane
anount of car bonyi Eg'{‘ﬁegé?ﬁii &5 l?%ﬁﬁ Q@/ﬁ(ﬁ"eﬁﬂd@f ERYoHingTtheatabilitEof
DRAWNGS  the molecular weight by repeating the process for the number of desired

batches, with substantially the same amount of cafbonyl halide, caustic and
MAC and inert organic solvent.

In a further embodiment, the invention relates to a method of preparing
a poyicarbonate comprising the steps of :

a) charging a vessel wi_th at teast one dihydroxy compound, an inert organic
solvent, water, and optionally caustic; thereby forming a reaction mixture:

b) after step g), simultaneously introducing a carbony! halide and a caustic fo
the vessel containing the reaction mixture while maintaining the pH of the
reaction mixture between about 4 and about 12;

€) within an interval of between 0 and about 90 % of the totai carbonyl halide

addition to the vessel, activating a reaction system that produces

monofunctional aromatic chloroformates (MAC) and introducing the MAC to

the vessel within the interval of 0 to about 90 % of the total carbonyl halide

addition to the ves;e!; where the MAC reaction system is coupled with the
10



FIGURE 1 is a schematic di agram of one enbodi nent of the invention to
produce MAC by a continuous process. FIGURE 2 is a schematic diagram of one
enbodi nent of the invention to produce pol ycarbonate, 38 Sedpiterhbex 2003
continuous process to product MACis coupled with a polycarbonate
synthesis reaction. DETAILED DESCRI PTI ON OF THE | NVENTI ON 11 30 Sept enber
2003 The present invention may be understood nore readily by reference to
the follow ng detail ed description of the preferred enbodi nents of the
invention aegsdihangx } i B, faore the present nethod and
apparatus are di scl o?ggl-imé&?eslég??%ﬁe)ggel tﬂ)lrscl?(%gleﬂ% an&‘@r MAfo dramdthet hi s

i nvention i"8aGiien systam datheovessati fic systenic nethods or to particul ar
formul ati ons, as such may, of course, vary. It is also to be understood
that the term nol ogy used herein is for the purpose of describing
-particular enbodiments only and is not intended to be limting. I'n this

specification and in the clains which follow, reference will be mnade to a
nunber of ternsThaimentionlfurther ftbtesad 4 g\e 4 OW N . neani ng. The
- o oot Lot g M Vel of

si ngul ar f "a'. "an" and. "the" include
context cl g&r%’%ﬁ%’a@%?%?ﬂ&%@%mﬂwﬁ fondhe mumbepof desirkd bat@ss, t hat
the subsequitisbisERaly HREANEBmoutit o coRAUI}) ALfde, Ehell TjyAQt OCCur. and

that the description i'nclu

' BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic diagram of one embodiment of the invention to
produce MAC by a continuous process.

FIGURE 2 is a schematic diagram of one embodiment of the invention to
produce polyqarbonate, in which a continuous process to product MAC is
coupled with a polycarbonate synthesis reaction.

DETAiLED DESCRIPTION OF THE INVENTION

11



I nst ances mhere said event or circunstance occurs and instances where it
does not. "Mdl ar flow rate” |s I n noles per mnute, unless otherw se
stated. 12 30 Septenber 2003 "M xture average t enper at uB8-SapierakariZ6a as
the tenperature that a mxture of two or nore conbi ned streans achi eves at
equi l i briumunder adiabatic conditions, i.e., wth no input or |oss of
heat. An "on-denmand" process, as used herein, enables production of the
requi red anount of product during a specified tinme interval. An on-denand

process is idl e IMeope val n on- demand
process produces us?g%l gég?g@t&@é?ﬁ%ﬁﬁgﬁ%ﬁﬁ?& H§?§ ‘? rl?3é59 GfeNae Gugh
the time it the @ngl%mtalhd otesteption of dhesprefaed! s@bodifertBe bt Hig

contlnuously n|te tine erval, in order, for exanple, to

feed a contlnuox@a %ﬂp&@g ‘#%gﬁ@“ﬂﬁocess with MAC endcap. A
"nmonof uncti onal hydroxyaronatlc speci es, as contenpl ated herein, contains.

a single hydroxyl group or hydroxyl radical. In a MAC, this hydroxyl

radical is replaced with a chloroformate group. The term "pol ycarbonate" as

used herein incl ugeg{:t co char bonat es honopol ycar honat es and
(co) pol yest er car O Es. ?hé’r?%?ﬁﬁs methedamnch japparatus are "disclbssd oaping

agent" are ug@scribed §f iéhfﬁWBSQﬁ*défstﬁcdStﬁHl frpé'imntsﬁﬁqgtn%rt it {o specific

initial charge of mat eri al s
systemic methods or to particular formulations, as such may, of course, vary.,

It is also to be understood that the terminology used herein is for the purpose
of describing particular embodiments only and is not intended to be limiting.

In this speciﬂcation and in the claims which follow, reference will be

made to a number of terms which shall be defined to have the following
 meaning: '

The singular forms “a”, “an™ and “the” include plural referents unless
the context clearly dictates otherwise.

“Optional” or “optionally” mean that the subsequently described event
or circumstance may or may not occur, and that the description includes

instances where said event or circumstance occurs and instances where it
does not.

Molar flow rate” is in moles per minute, unless otherwise stated.

12



whi ch one or nore reactants and optionally solvents are added to the
reactor during the course of the reaction. Such reactors, however, are
often referred 13 30 Septenber 2003 to sinply as "bat ciB0 Sapdartipar200Fhe
terms "batch" and "sem -batch"” are used interchangeably throughout the
rest of the specification. Throughout this application, where publications
are referenced, the disclosures of these publication are hereby

i ncorporated by reference into this application in order to nore fully

descri be the st t hi venti on pertains. In one
aspect, this i n?‘gﬁ%négﬁn értr?g'?pa\?g‘&'ﬁg i?u @nﬁfp ?%Ppeﬂﬂ@fepﬂ‘lﬁiﬁt i on of
MAC endcaplmlxtgrea@értu\m s erhole iconpsthed ity L’!‘éﬁie@es'é‘t eﬂﬁﬁlbhﬁl'ﬁl glm

pol ycar bonsé nt h@b I.n angt her aspect, this Inventi'on conc
process fo ?R@ HFR ?i‘%deo\fﬂﬂwpyr&utmﬂmmfhaatm ch a process for

produci ng hydroxyaronmati c hal of ormate endcappi ng agents is coupled with a
reaction systemfor produci ng pol ycarbonate product. |I. Continuous Process
for the Production of l\/ACs As mentioned, in a first aspect, the inventi.on
concerns t (grrl par 'El of MAC products by an conti nuous process The MAC
product s lﬁgcﬁﬁicﬁdﬁh%h@”@nt&ndbMSapmdww of Y

e 0 ATt e GO s 0o b ke . v
suitabl e fidle beforasanshdifteopthegspedidd time interval. An on-demand process
produces usable product from the moment it is started up through the time it
is shut down. An on-demand process may also be operated continuously
over an indefinite time interval, in order, for example, to feed a continucus
polycarbonate synthesis process with MAC endcap.

A "monofunctional hydroxyaromatic” species, as contemplated herein,

contains a single hydroxyl group or hydroxyl radical. in a MAC, this hydroxy!
radical is replaced with a chioroformate group, '

The term “polycarbanate™ as used herein includes copolycarbonates
homopolycarbonates and {co)polyestercarbonates.

The terms “endcapping agent” and “chainstopping agent” are used
interchangeably.

A “semi-batch” reactor receives an initial charge of materials, after
which one or more reactants and optionally solvents are added to the reactor
during the course of the reaction. Such reactors, however, are often referred

' 13



and the equi pnent used to produce these products. 14 30 Septenber 2003 In
sem -bat ch processes for the production of MAC products, the
monof unct i onal hydroxyaromati c conpound feed, a precurséP Septaner 2R03
product, nmay be reacted away as it is fed to the reactor in order to
“maintain the concentration of the nonofunctional hydroxyaromatic conmpound
at alow level. Inthis way, it is possible to mnimze the DAC fornmation
reaction between the nonofunctional hydroxyaromatic conpound and t he MAC

product. In Sla «f n digent of f[he continuous process of this
i nventi on, éﬁgl%%é‘g %%eﬁﬁgﬁo%&%@gbn € iﬁfﬂ?%ﬁﬂé%nﬁﬂﬂ cseaminpatah] are wsati to a
si ngl e i nputinterchangphbly thio baamb%sﬁaﬁma@pﬁeﬂf ts as it proceeds
t hrough the reactor. As thghm)nofunctional hy er(r)aE;e/'g'ronatic conmpound

di sappears by reaction, the MAC concentration increases. Therefore, there
Is a zone in the plug flow reactor where both the hydroxyaromatic and MAC
concentrations are significant. It would be expected that within this

reactor zone, thghps [ ; . he. rapid and that, the
reactor product woul co?nttgignagam%gﬁﬁ' 3@%&%‘35’%’@'{%‘3‘#‘&afﬁA&%r?ﬂ% the
unexpect ed! flisclosames abiese publitationtare hareby émsarpbizted o rBAGehse il thisoduct

of the cont| r.0c s_extrene ] o typically in the range of
about 300- GBngp °ﬁp‘§r$’?§b£5 MR ﬁ"gﬁ)‘i‘gépﬂ*-’ﬁm’?es*?@? Oméev%'t imiwhich XIS i n

t he product invéhtion pertamist i cul arly inportant for a process for making MACs
that is directly coupled to a polycarbonate synthesis

In one aspect, this invention concerns a continuous process for the

production of MAC endcapping agents useful in polymer synthesis, in
particular in polycarbonate synthesis.

In another aspect, this invention concems a process for the production
of polycarbonates in which a process for producing hydroxyaromatic

haloformate endcapping agents is coupled with a reaction system for
producing polycarbonate product.

l. Continuo’ds Process for the Production of MACs

_ As mentioned, in a first aspect, the invention concerns the preparation
of MAC products by an continuous process. The MAC products are suitable
as endcapping agents in a polymer synthesis. “Reactioﬁ system”  and
“reactor” as used in section (l) of the specification refer to the continuous
process for the production of MACs suitable for use as endcapping agents,
and the equipment used fo produce these products.

14



process in a continuous process according to the first aspect of this

i nvention, it was al so unexpectedly found that the nonofunctional
hydroxyaromatic feed material was virtually fully conveOtSsptérobd¥20030nly
about 0.2 to about 4 weight 15 30 Septenber 2003 percent of unconverted
nmonof uncti onal hydroxyaromatic feed remained in the reactor product,
relative to the weight of MAC product. It was further unexpectedly found
that the tinmes for reaction to produce the MAC were very |low. Typical
reaction times in the batch process to produce MACs are in the range of
about 30 mnutes to 60 mnutes. In one enbodinent of the present

I nvention, using a tubular reactor, the reaction of hydroxyaromatic

conpound to chl fif @kiisbateh Processer! firettien mbguétioh (P MIAG gseadets, |the Pat ch
reaction systens to produce MACs, it is inportant to maintain relatively

| ow t enper BARCEHNGANGL Bydroxyarappatic KpRPauadefesdyfa mrecursondoi the MAC

i nst , ' . 1 4. C_ it .was
inexoac sap REL iy B teaclcCab80o5 Bis RE IR REcoNIA Srcfel tolmainaifi™ ous
r gac; or syttteeml milermil:alﬁoh m;ehe immr;]cﬁumic;dr?ém%fdt?gyae@?aﬁc dompt mpﬁr?ﬂfﬁbw

i abatica a owed .1 0 achi gye .the, hoili epperature o e
20I vent. | ngng"eﬁ’lﬁ)a‘f%ri{ ?S ipiqsﬁﬁyecﬁotrﬁg“@llﬂevggﬁ [:P%. ntrmAtieRereastion de,
the continygmeen qAE! %oﬁm@ﬁhﬂ%@&&aﬁﬁﬁaﬁiﬁeceﬂdddﬁa tagf@ogk tyigcof the

sol vent, about 40 C while producing Cwth Iow l'evels
product.

in contrast, in one embodiment of the continuous process of this invention, all
of the monofunctional hydroxyaromatic compound is fed to a single input in a
plug flow reactor system and reacts as it proceeds through the reactor. As
the monofunctional hydroxyaromatic compound disappears by reaction, the
MAC concentration increases. Therefore, there is a zone in tﬁe plug flow
reactor where both the hydroxyaromatic and MAC concentrations are
significant. it would be expected that within this reactor zone, the production
rate of DAC would be rapid and that the reactor preduct would contain a high
concentration of DAC. It was unexpectedly found, however, that the
concentration of DAC in the product of the continuous process was extremely
low, typically in the range of about 300-600 ppm (parts per million), relative to
the weight_of MAC in the product. This is particularly important for a process
for making MACs that is directly coupled to a polycarbonate synthesis
process

in a continuous process according to the first aspect of this invention, it was
also unexpectedly found that the monofunctional hydroxyaromatic feed
material was virtually fully converted to MAC; only about 0.2 to about 4 weight

15



More particularly, in a first aspect, the present invention relates to a
conti nuous process for the interfacial preparation of endcappi ng agents
useful in'polynmer synthesis, the endcappi ng agents havidRd¢aptrmbera®iBa (I):
16 30 Septenber 2003 where n is an integer froml to 5 and R represents
hydr ogen, a branched or unbranched al kyl group having from 1-15 carbon
atons, an aryl group which nmay be substituted or unsubstituted, a

cycl oal i phatic group which nay be substituted or unsubstituted, or an

aryl al kyl gr opgrcent ohuneonvest ' dpgga‘h%p L ndcappi
agent s producggrb the net hogagﬁéfl?\y%rﬁggaeﬁy | ve%?ﬁ#?%%f%ﬁg',ned?%e
not |inited t&GacHNAPHUCth refativertontiiesveighbof MAGpeyct. chl or of or mat e,

p- cunyl chl orof ormate, chronman chi orof ormate, octyl phenyl or nonyl phenyl
chloroformate, or a mxture thereof; nore preferably phenyl chloroformte,
p-cunyl chloroformate, or a mxture thereof; even nore preferably p-cunyl
phenyl chl or of ormat e. Conpounds of structure (1) are herein referred to as

MACS. The process bwashgrthesunexpeatediptfoond that ten et a8r féhtﬂiohqagag&)@ﬂ?es

tem conprgsi el _or vessels jn whjich the endcapping a
;S))r/zduced i Lrp t@%h@ﬁ@o&tﬁ%ﬁﬁﬁ'ﬁek%ys WP‘E{““ 5%@(3’}3"&@@&antheBipbgththd)camuw' it
I's meant t hatprodees tMACS dédnithé raAye st t%boﬁl?iﬁﬁéigé %P‘gfa{i@ﬂégmp one

si mul taneousg/ fromthe reaction system Furthe
optional Iy bé&mpedimaniofithe present inventiar, wsingoanttdarmsmner, the readtforf RCt OF

systemis st . t that it is shut down, which has
t he added adyzi}r??&éa }}é?e 8@"%@%@[@?6&8@ @%Poro%ormate was complete in about 1 to 5

seconds.

in batch reaction systems to produce MACs, it is important to maintain
relatively low temperatures in order to avoid high leveis .of DAC formation, for
instance, temperatures in the range of below about 10 to 15-°C. It was
unexpectedly found that low DAC product could be obtained in the continuous
reactor system of the invention even when the reactor was operated
adiabatically and allowed to achieve the boiling temperature of the solvent. In
one embodiment, in which the solvent is methylene chloride, the continuous
reaction system may achieve the boiling temperature of the solvent, about 40
°C while producing MAC with low levels of DAC.

More particularly, in a first aspect, the present invention relates to a
continuous process for the interfacial preparation of endcapping agents useful
in polymer synthesis, the endcapping agents having the formula (h:

Q
c-cl
(Rl')n_Q_o 0
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MACs "on-demand" to another process, particularly an interfacial

pol ycarbonate synthesis process. The reaction system may be coupled with-a
batch pol ymer synthesis with the MAC product i ntroduced 30aptampryidpRar
synthesis reactor over a tinme interval, the reaction system may be coupl ed
wi th a continuous polynmer synthesis with the MAC product introduced into
the continuous polyner synthesis reactor at a relatively constant rate
indefinitely, or the MAC product may be stored in another vessel for |ater
use. 17 30 Septenber 2003 The reaction system has an upstreaminlet or

i nput for introduction of feed and a downstream outlet, for recovery of
product. Optionally, there may be inlets to the reaction system between
the upstreaminlet and the downstreamoutlet for introduction of feed. The
systemall ows for the continuous production by interfacial reaction of

MACs, the pr ct. having a low J evel of DAC and unreacted nonofuncti onal
hydroxyaroﬁgﬁq rl:'gni‘ﬂ)lm%?er‘lH c{)ﬁ? gn%&& peRyesastshydrogen,antitanchddion  any
equi pment  ainbedrihEd alkyINgrébMavin L ' y. be_effected,

i ncl udi ng but not Iirnk¥£% tg a sgﬁg@ g?@%ﬂ??ﬁﬁ%ﬁ@@sgﬁr%&ﬁogﬂkw'?'%ct ors
(CSTRs), amajhBeapubilietedr obunsubsistest; a oyclbaliphatiacyip, whith Afay"BEE | 00p

eactor s, SUPEMER B UNEIndIEY) Bt an’ Ak Sellp.whichanaly bs, substiuted

Co0l g a5 el T as L0t rpducth ort o At onal f cage oty BECLF R e

bet ween st JPESUICN Include, but are not limited to, phenyl chloroformate, t-butyl phenyi
chioroformate, p-cumyl chloroformate, chroman chioroformate, octyl phenyi or
nony! phenyl chloroformate, or a mixture thereof: more preferably phenyl
chloroformate, p-cumyl chloroformate, or a mixture thereof; even more
preferably p-cumyl phenyichloroformate. Compounds of - structure (i) are

herein referred to as MACs.

The process of the instant invention is conducted in a reaction system
comprising a vessel or vessels in which the endcapping agent is produced in
continuous manner by interfacial reaction. By “continuous” it is meant that
reactants are introduced and products are withdrawn simultaneously from the
reacﬁon system. Further, the products may optionally be withdrawn in their
entirety from-the moment that the reactor system is started up through the
moment that it is shut down, which has the added advantage of supplying
MACs “on-demand” to another process, particularly an interfacial
polycarbonate synthesis process. The reaction system 'may be coupled with a
batch polymer synthesis with the MAC product introduced to the polymer
synthesis reactor over a time interval, the reaction system may be coupled
with a continuous polymer synthesis with the MAC product introduced into the
continuous polymer synthesis reactor at a relatively constant rate indefinitely,
or the MAC product may be stored in another vessel for later use.
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An on-demand process, one enbodi ment of the invention, nust satisfy nuch
nore rigorous requirenents than sinple continuous operation. For exanple,
for an on-demand MAC synthesis process that is directly.3@cgpienaar@083bat ch
pol ycar bonat e synthesis reactor, the production rate of byproducts, e.g.
DAC, during MAC synthesis nust be |ow during the entire time fromstartup
t hrough shutdown. In contrast, nmany known conti nuous reaction processes do

not have a | ow byproduct production rate during startup, or require
| engthy times for startup. For exanple, chlorine synthesis is conducted
continuously in diaphragmelectrolytic cells, but several hours are
required to start_up a 18 30 Septenber 2003 chlorine cell, and the

bK- product hydr og T%QFé‘Pni%/Sg&fé\)‘mseahcsﬂpstre?mhin{ﬁtbdrgﬁﬂuﬁfo'%%ﬂ@dh@%&{ B! -
The continu as descri be erein, nmay be
optionally g;%ﬂ?f; gﬁ?};ﬁéﬁiﬁ"@éﬁdﬂé@%ﬁ%ﬁﬁ@é@g oﬁpf@'ﬁ&t Qnslopaily,thece mayuous
process of in ostiwe avadtiot | 3eEmhBER) al used . to produce
MACs for stq e.and sur{]‘)% guent use in, fgﬂr’ébeirgﬂr?gl é‘,f’gte{gg{ﬂ 9‘8‘%%6%& the
synthesis. | repgyou 3 fRgEogtionsof feetlat ed from the reaction product

m xture using well known processes, such as distillation and decantation.
The MAC product nmay be stored indefinitely as a solution in a solvent or
as a neat liquid. It is preferable to keep the MAC solution or liquid cool
and \A@ter-fr_gﬁ. | f th?lre is any water present in the MAC |liquid or

sol ution, t he"RBySterd @lawsr for Sbeuedntinuebs prodbetione by ifterfacial reaction of

MACs, the product havin_g a low level of DAC and unreacted monofunctional
hydroxyarqmatic compound. The continuous process may be conductéd in
any equipment arrangement in which a continuous reaction may be effected,
including but not limited to a series of continuous stirred tank reactors
(CSTRs), a tubular reactor or series of tubular reactors, ohe or more loop
reactors in series and/or parallel, a network of CSTRs and tubular reactors, a
column reactor having mixers in several stages, and an agitated coiumn. ‘The
reaction system may comprise more than one stage, and cooling as well as
introduction of additional reagents may be effected between stages.

An on-demand process, one embodiment of the invention, must satisfy much
more ngorou_s requirements than simple continuous operation. For exampie,
for an on-demand MAC synthesis process that is directly coupled to a batch
polycarbonate synthesis reactor, the production rate of byproducts, e.g. DAC,
during MAC synthesis must be low during the entire time from startup through
shqtdown. in contrast, many known continuous reaction processes do not
have a low byproduct production rate during startup, or require lengthy times
for startup. For example, chlorine synthesis is conducted continuously in
diaphragm electroiytic cells, but several hours are required to start up a

18



[ [ di scl osed al so i ncl udes
houl d be noted that the invention as _
L;bgdinents of conti nuous processes for MAC producplon@é@g&mg&;ﬂg%b3of e
effective for "on- demand" operation. For exanple, in o

i nvention, a continuous reaction procgfs Bhgttgoggrgzggngsgngl?gl[gag;ogy

with .a short residence time ( preferably O. f > conds) 15 fol  owed
nk with a long residence time (preferably g L

ﬁiﬁﬂ[gg)taThis process for MAC production is continuous but not on-denand.

. ' nt i, nupus or a batch
o e Sl BP0 Mk e e
pol ycarbonat e syn i i dence tine tubul ar reactor, but
herein of MiTtuptevel.s in a short resi . g i dual
. entory of MAC and res
woul d not have the advantage of av0|dlng an 1 nv hat comprises a short
..In contrast, a MAC production reactor tha np :
ngfggzge tPne tubul ar reactor (w thout a downstream surge tank) that is

directly coupled to a pol ycarbonate synthesis reactor nay be operated as

. . 2003 The
o ouet o oppe e Pt 8 GRS Rore
ducts of e .continyous _ hesi s.
BLI()ycar bonaP@mE%l'Ht Hee'raéegeﬁoan eo-domanst p“"’f{“ﬁﬁa‘s’ﬁmﬂ?‘%@ﬁ?ﬁ% 2 @nggt ests
cont 1 muouaPracess o WAL ok HeciBdd Agtaidinatialss bouspddowrotiues bat ch
t ous_ pr
0o W (oo s, 1 JHSgSS, HBlO°, 2,
he batch efor.e or [ : ; B _
E:oﬁdi ti onsésﬁﬁﬁéﬁé Beg%st' e(S’rc'l) tg??ﬁ"@ﬂf H@Ypb@dlﬁ@dﬁtede‘mmcthermeadmen product
mixture using well known processes, such as distillation and decantation. The
MAC product may be stored indefinitely as a solution in a solvent Or as a neat
liquid. It is preferable to keep the MAC solution or fiquid cool and water-free,

If there is any water present in the MAC fiquid or solution, the MAC liquid or
solution should be acidic.

It should be noted that the invention as disclosed also includes embodiments
of continuous processes for MAC production that are not effective for “on-
demand” operation. For example, in one embodiment of the invention, a
continuous reaction process that comprises a tubular reactor with a short
residence time ( preferably 0.5 to 30 seconds) is followed by a surge tank with
a long residence time (preferably greater than about 5 minutes). This process
for MAC production is continuous but not on-demand. This process could be
coupled to either a continuous or a batch polycarbonate synthesis process
and. would have the advantages described herein of MAC synthesis in a short
residence time tubular reactor, but would not have the advantage of avoiding
an inventory of MAC and residual phosgene. In contrast, a MAC production
reactor that comprises a short residence time tubular reactor (without a
-downstream surge tank) that is directly coupled to a polycarbonate synthesis
Teactor may be operated as either a continuous or an on-demand reactor,
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vari ed, and generally any process conditions can be enpl oyed provided that
the reaction between the carbonyl chloride and the nonofunctional

hydr oxyar omat i ¢ conpound occurs to produce the MAC proddétSeptrabdreidd3
stream or streans entering the reaction systempreferably have a m xture
average feed tenperature in the range of about -10 C to about 40 C nore
preferably about 0 Cto about 25 C. The feed stream or streans contain the
carbonyl chloride, inert organic solvent, aqueous caustic solution, and
nmonof uncti onal hydroxyaromati c conpound entering the reaction system The
tenperature of the mxture in the reaction systemis preferably naintained
bel ow about 60 C, nore preferably bel ow about 50 C. The term mxture' as

used her ei n Fie praducts i he aohmRIGuDSrdoBSs TSABICO Bl Bh§Hnay, NS Udi ng. but

not |imted 5'% Ithaesol vent or solvents, the Teac _ _
e roacti o PorcRoc LT IeHe peapts o dusngi baen pesesiuhalashiit .,
nt dAe : .

The tenperature at which gny pa?'fel dﬁygﬁ'%sténﬁ’aﬁtﬁﬁi Aystemedn dhjobndse on
t2 883%?\ ti culﬁa?rn_tlgUDU% mrgpessaémr;) MAG ,ﬂrcg@&tidiﬂ iﬁﬁ?&gdﬁé%%é%cg%“ﬁsgt%%‘er N

e reaghi.on . em e cool ed or operated adia ; abl e
cool i ng neaﬂg}l¥rﬁ§f'%%tzé'hr%%g¥ﬁ' R ﬁ'@xﬁfqdll&?tﬁapéﬂw@lm reaetor i€ lvhaggsq 1 heat
exchanger i fhe bate reaet6Hbetrd 8P8uri Jexshanger between sections of a
mul tipl.e reactor system or 21 re?‘l’rt'}zg Qﬁé%ﬁé%&’pngf?esﬂ'&@'ﬁon vessel or
vessel s may be cooled, or heat may be renpved between the reaction

The process conditions in the reaction system to produce the MACs may be
varied, and generally any process conditions can be employed provided that
the reaction between the carbonyl chloride and the monofunctionat
hydroxyaromatic compound occurs to produce the MAC product. The feed
stream or streams entering the reaction system preferably have a mixture
average feed temperature in the range of about -10 °C to about 46 °C; more
preferably about 0 °C to about 25 °C, The feed stream or streams contain the
carbonyl chloride, inert organic solvent, aqueous caustic solution, and
monofunctional hydroxyaromatic compound entering the reaction system.

The temperature of the mixture in the reaction system is preferably
maintained below about 60 °C, more preferably below about 50 °C. The term
"mixture” as used herein refers to the contents of the reaction systeh,
including, but not limited to, the solvent or solvents, the reactants and the
caustic. As the reaction is exothermic, the temperature of the reaction
mixture increases as the reaction mixture is conveyed through the reaction
§ys,tem. The temperature at which any particular system is maintained
depends on the particular solvents, reactants, cooling means, etc.
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vessels, if the systemconprises nore than one stage. For sinplicity in
both design and operation, it is preferable to operate_the system

adi abatically. In order to achieve adiabatic reactor coRdiaPtesmrer 203
reacti on vessel or vessels may be insulated according to typical

i ndustrial practice. Prior to introduction into the reaction system the
feed streamor streans may optionally be m xed by suitable m xing neans,

i ncl udi ng %}1 not limted to, an in-line or static mxer, and an orifice
ni xer. As ei meastionf systens maade AooldE el § ) " nes erein
refers to t§§H§° onent s nt e?ian,g t he reacti%é\@g%tag?ﬁcbagﬁah% uﬂﬂ%’?ude one
or more st ERNBY SHENST HMiFlude,a GaokiBgijaekety treencoslerinat exchasgeray et

est abl i shegxe acti t he reaction system may conprise a
mxing soneorpe '8 feRfelialdn 1345, & Reds HichaRien bemisem sectionsiof 2

pref er abl y dtiplg: &epcter systenmt ensa treflak - doriehssyf fTicd : t '
phases. | ngéegﬂgé‘afé‘?ﬁ‘ 3{?%%28}'3, t he

segregatio h aueo and organi c

conver si onqggg?!%eﬁ’ra a@gaﬁ‘?@e‘?’oqﬂg‘aﬂr BiYche rEMovesk bebwerre dhe Treachia t at i on
of the aqueesseig)ifl tie gastetn BHAPAsEs ed such that phosgene is
not wast ed le)gi i-ncr asi%ﬂbits hydr ol 3‘?‘#‘? tqugrt]gl,hg ‘h "REFIBRNGHY iaboth

excessi vel §eFign ORPLAYUeY. it is preferablel taropeeatetthe sy8tien mtﬁs@; &i hot
i nventi on, | Xd [ k¥ LS often characterized by a tub€é Reynol ds
nunber de?fdrﬁdt@aés(‘:bmg‘ie ?@@é@?éﬁ%‘é@'i&@gﬂ'ﬂ?& Wiferaaction vesBel of wessals  (cn)

may be insulated according to typical industrial practice.

Prior to introduction into the reaction system, the feed stream or
streams may optionally be mixed by suitable mixing means, including but not
limited to, an in-line or static mixer, and an orifice mixer, As mentioned “feed
stream” or “feed streams” as defined herein refers to the components
entering the reaction system, and may include one or more streams entering
the reaction system. A mixing zone may be established before the reaction
system, the reaction system may comprise a mixing zone, or both.

While in the reaction system, the mixture is preferably agitated at an
intensity at least sufficient to prevent segregation of the aqueous and organic
phases. If segregation occurs, the conversion of the reactants to the product
will be reduced. The agitation of the aqueous and organic phase should be

regulated such that phosgene is not wasted by increasing its hydrolysis rate,
which may occur at excessively intense mixing .

In a tubular reactor, one embodiment of the invention, the mixing
Intensity is often characterized by a tube Reynoids number, defined as:
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v = solution velocity through tube (cm/ sec) p = solution density (gm/
cc) # = solution viscosity (gin/ cm- sec) It is preferable to maintain
the tube Reynol ds nunber in the range of about 200 to 0&epterdiger@003 nore
preferably in the range of about 200 to about 20,000. The m xture in the
reaction system may be agitated by nechanical m xing neans, or
alternatively, static mxing elenents may be placed in the reaction
vessel. Static m xing technology is discussed in "Advances in Static

M xi ng Technol ogy”, M Mitsakis, F. Streiff, and G Schnei der, Chem cal

Engi neering Progress, July, 1986. The reaction to produce MAC requires an
al kali netal base~,and/or an alkaline-earth netal base herein referred to
as a causti cpago d. The caustic conmpound is preferably introduced as an
aqueous caustic s@fution conprising the caustic conmpound. The aqueous
caustic solution preferably conprises potassium hydroxi de, sodium

hydr oxi de and niébures t hereof, even nore preferably sodi um hydroxi de. The
aqueous causVh¥esBubsdlamgiesfammabl y has a strength of about 10 to about 50

wei ght percent, pretelufion Yelobies e t, .15 to about 40 wei ght percent. 22
30 Septenber 2003 Irslgﬁugigu?ugﬁ:aust cmsbgl(ﬁ |/c?ﬁg)| s preferably introduced
into the continudls (o T’rﬁf’r}'gg@{éﬁ In a separate streamfromthe stream

containing the =solution viscosity (gm/cm — sec)

It is preferable to maintain the tube Reynolds number in the range of about

200 to about 100,000, more preferably in the range of about 200 to about
20,000.

The mixture in the reaction syst_em may be agitated by mechanical
MiXing means, or alternatively, static mixing elements may be placed in the
reaction vessel. Static mixing technology is discussed in “Advances in Static

Mixing Technology”, M. Mutsakis, F. Streiff, and G. Schneider, Chemical
Engineering Progress, July, 1986.

The reaction to produce MAC requires an alkali metal base and/or an
alkaline-earth metal base herein referred to as a caustic compound. The
caustic compound is preferably introduced as an aqueous caustic solution
comprising the caustic compound. The aqueous caustic solution preferably
comprises potassium hydroxide, sodium hydroxide and mixtures thereof,
even more preferably sodium hydroxide. The aqueous caustic solution

preferably has a strength of about 10 to about 50 weight percent, preferably
between about 15 to about 40 weight percent.
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nctional hydroxyaromatic conpound and the stream containing the _

ggpggﬁyfthalide.yln o%e enbodi ment, the aqueous caustic %olutlon %iégan1|ﬁ
introduced at the upstreaminput of the reaction system30MepimariZp@By, the
aqueous caustic solution stream may be introduced at any point or |npuL |m
the reaction systemwhich allows the reaction in the systemof the carbony
hal i de and the nonofunctional hydroxyaromatic conpound to formthe MAC

The aqueous caustic solution streammy optionally be split into two ?L
nore streans which nay have the sane or different nolar flow rates. ese
streans may be introduced at different points in the reaction system It is
preferable to introduce the aqueous caustic solution stream at the upstream

[ MARIOUS NCAVEY i ?55?\? ' 1 he. i nvent.ion, the
Irglalgt i 8];1 :[s'ﬁg?(ram f ur.tgher .cg?r?ruimsoedsﬁsa%ﬁer st g?ig@@%‘féﬁ% uﬁt@ the 5;9[‘%’@%9% i nput
terrperaturéaPB‘P"t%t%n@? UcSsRanale strparmfgemotise | strempesntimRg tHe' t

' ' ' t t rature for
the aqueourondiunciohSAtoRIFSHRNE cdipalind B fa Sisapt wentainbueti r ot
precool er cardonyldhatidebdnyoneheinbddinientdtel é@@éﬂusTéé‘ustiEDé‘&LHSﬁ\%;g%?H -
hydr oxyar a ,C_C nd i referably dissolved in the "sol this
e?ltbodi ?/rent'%% Ceaﬁgg @éﬁ?g%"@w @fithe feactien systerne ﬁd?smatﬂ{[erl]yqrn@pol (rar e

' ' e ' t t,streamfromthe m xe
(hen fed L epas, Cuhl Soluliohtsttéar? nd)bel fiofitiota, 8 5 baink R igek imuous
process ddBerpaelipmeysiem whichi allowsnthenrdantion lig thézsgﬁs%m & dUSdrbbRyicONt ai N

SOme Unr e3eiiad i A MonStinglibils HafoSAreman %gﬁntpound to form the MAC.
The aqueous caustic solution stream may optionally be split into two or more
streams which may have the same or different molar flow rates. These
streams may be introduced at different points in the reaction system. It is
preferabie to introduce the aqueous caustic solution stream at the upstream
inlet of the reaction system. '

In one embodiment of the invention, the reaction system further comprises a
first precooler to establish an input temperature for the monofuncticnal
hydroxyaromatic compound and inert organic solvent, a second precaoler to
establish an input temperature for the aqueous caustic solution, and a mixer
that is couip!ed to the first precooler and the carbonyl halide feed stream. The
monofunctidnél hydroxyaromatic compound is preferably dissoived in the
soivent in this embodiment. The aqueous caustic solution is fed to the second
precooler. The cooled aqueous caustic solution and the exit stream from the
mixer are then fed to the reactor, preferably a tubutar reactor.

in the continuous process described herein, it is common for the reactor
product to contain some unreacted carbonyi chloride and some unreacted

23



30 Septenber 2003 caustic. As caustic is preferably introduced in a
separate stream and caustic is needed for the conversion of the

nmonof unctional hydroxyaromatic conmpound to the MAC, it 3PSeptrnes128080
control the extent of the reaction, or conversion, in a given section of
the reactor by adjusting the proportion of caustic solution added to that
section. Under substantially adiabatic reaction conditions, the anount of
caustic introduced into the reactor section relative to the anount of

hycroxyr o, SOTEAHN RS HSBSRF S5t Wi e Sl

terrper ature | ncrease SEC

reaction sesedeededy fOIt dher cmmve&m:ynbhemes zﬂBﬁo ioh&CR Wa?éﬁ?b' on is

a key factor which red i n_determ ning eam)ut 0 Fc to
be added peferipad !‘?Hée%bﬁrlsa%ﬂ%ée contral theeenmﬁofme redction] age

cool i ng, patdnversian S present
i nvention, the car botr?yFr%ﬁlé%r e@gﬁé caul%%%té 5\2 "’iq}'rﬁrt ﬁ'@eﬂrqmﬂ oé
reaction sﬁ'-@ﬂ?é@lﬂtlpﬁ\ﬁdd@dem that séctione based on nolar ratios to the
nonof uncti onal hydroxyaromati c conpound feed rate. Thus, carbonyl halide
hydrol ysis and the formation of undesired side products, such as DAC, and
resi dual hydroxyaromatic conmpound are mnimzed by enploying a reaction
procedure in which primary attention is given to maintaini ng t he m)l ar

f1ow rati odngdert fabstantiallyc auitabatiy heastion Fondftidr, tt@% aFHH‘ tLon
feed rate, with only secondary" a t iCGHS I ng

giycrj(rag;(ggr ? gﬁtﬁﬁf %ﬁgg&uﬂ%t {&e %@quﬂmw the amatiné of hydroxyaromattc

compound and other feed species determines the extent of temperature
increase in that section. The temperature sensitivity of the reaction selectivity
towards MAC synthesis and away from DAC formation is a key factor which is
considered in determining the amount of caustic to be added per stage, the

number of stages, and the need for interstage cooling, particularly under
adiabatic conditions.

In the present invention, the carbonyl chloride and caustic are
introduced into the reaction system at flow rates which are based on molar
ratios to the monofunctional hydroxyaromatic compound feed rate. Thus,
carbbnyl halide hydrolysis and the formation of undesired side products, such
as DAC, and residual hydroxyaromatic compound are minimized by
employing a reaction procedure in which primary attention is given to
maintaining the molar flow ratios of the caustic and carbonyl halide to the
monofunctional hydroxyaromatic'compound feed rate, with only secondary
attention being directed to pH. These ratios may vary depending on the
desired quality of the product solution, production rate requirements, and the
operating parameters of the reaction system
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desired quality of the product solution, production rate requirenents, and
the operating paraneters of the reaction system 24 30 Septenber 2003 The
ratio of the nolar flow rates of the carbonyl chloride, 385aptember@9g3gene,
to the nonofunctional hydroxyaromatic conpound into the reaction systemis
preferably fromabout 1.05:1 to about 10:1, nore preferably from about
1.5:1 to about 5:1, even nore preferably fromabout 2:1 to about 4:1. The
ratio of the nolar flow rates of the caustic (as equivalents of NaCH) to
the nmonofunctional hydroxyaromatic_conpound in the reaction systemis
preferably f romﬁ'ﬁol%'ol.of:tﬁet'ﬁo ofpw Fates of the pasbenryoehiofidensucthast 1. 2: 1
to about 2: [ gDl 0 : 7:1. The
Lo about ZiphosGSs, 1" e AORSRRGHOMI AR brandid SnabiHY , il g, ™
al t er nat i vaegctiogoraystamp ehepreferably lﬁmmoabbmtefl.mthomo Ei@bowtgtm@ﬁu@ﬁdren into
the reactiqn tem For exal t he carbonyl chlorjde and the
nonof unct i &ﬁ%‘%@%?ﬁ?%éﬁ’&@f% &%%%\%%nﬁ\}e aare peeterrtly fiose abowt 2:dne or
more feed 36 &eauE4:12t TRA rhfidBf tRS nidker A raRAMBe b e%éti?:e(/arseé’tjiﬁ\'/aﬁgnt system
e overa '3

or at an input at any point in the reaction system _ r
ratios, hoﬁM“M¥h%@mmﬁlqm hydraxyarersatic comipsyatein the ecadiehween

th ' t y e 1£0R S e I.h,one enbodi nent,. the

carbony! - cATSETGES PrbrePaoly o @iode°R 151 1o out £1°oGobR mrelsrady fram

i ntroduct i abouhti®:1he abaut B eem arorespridrabROfRBAPEBout 1.3:1 to about
1.7:1.

The components may be fed to the reaction system in separate
streams, or aiternatively, some components may be combined prior to
introduction into the reaction system. For example, the carbony! chioride and
the monofunctional hydroxyaromatic compound may each be introduced in
one or more feed streams, at an input at the upstream end of the reaction
system or at an input at any point in the reaction system. The overall molar
ratios, however, must be maintained in the reaction system, i.e. between the
input and output of the reaction system.

In one embodiment, the carbonyl chioride is mixed with the inert organic
soivent prior to introduction into the reaction system as a homogeneous
solution. In another embodiment, the carbony! chioride is mixed with the inert
organic solvent into which has been dissolved at least one monofunctionat
hydroxyaromatic compound, whereupon the mixture is fed as a homogéneous
solution. The carbonyl chioride may alternatively be introduced into the
reaction system in the form of a gas. The aqueous caustic solution is
preferably fed to the reaction system in a separate stream from the input
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solution. In another enbodi nent, the carbonyl chloride is mxed with the

I nert organic solvent into which has been dissolved at | east one

monof uncti onal hydroxyaromatic conpound, whereupon t he 38iSanigraber008d as a
honbgeneous solution. The carbonyl chloride may alternatively be

I ntroduced into the reaction systemin the formof a gas. The aqueous
caustic solution is preferably fed to the reaction systemin a separate
stream fromthe input 25 30 Septenber 2003 stream or streans containing the

car bonyl chlggd Jnctional . hydrgxyaromatjc conpaund., If the
reaction sysétléérﬁd#ﬁo(?rnp%régeﬁs%&g'#ﬁ‘gndh%n%rgfjﬁg'e?ﬁ?éiﬁ aﬁﬁyttﬁemqqﬂfﬁ‘m into
t he reacti orhgiyexyarolretivcssompgduagies. Feed may include one or nore of the
fol |l owi ng: aqueous caustic solution, inert organic solvent, carbonyl
chloride, and nonofunctional hydroxyaromatic conpound. In one enbodinent,
the invention is a tubular reactor which conprises fromone to four
stages. The nonofuncti onal hydroxyaronmatic conpound nay be introduced into

st T f I i g
e reaction systipth@Seaction $ystof c@fipAs H;'/‘%e tﬂénaoﬂ?%fageggﬁ%gﬁhéyi reut

t hereof . The wei ght of the nonofunctiona roxyarona
to the reactfippdused e thereaction systemebeatvieghtstages. hEeedanby dhaiagbcome! vent

I nput tot t LS bout..0.5:99.5 to about 20:80. The
nonof unct i oﬁl ﬁﬁ%r%ﬁ&aérgﬁ%@%écg%ggcﬁﬁ %t'%esqhmﬂnudﬂﬁdi fArgame sabventn
part in The carteortyl cctjeride, and \rrobofshesriali MYdregT8mhatiBt SorhPEuhd 2%t | b
system In . . .
y embodiment, the invention is a tubuiar reactor which comprises from one to
four stages. ' '

The monofunctional hydroxyaromatic compound may be introduced
into the reaction system as a soiution, as a solid, as a melt, or a mixture
thereof. The weight of the monofunctional hydroxyaromatic compound input
to the reaction system, relative to the weight of the inert organic solvent input
to the reaction system is from about 0.5:99.5 to about 20:80. The
monofunctional hydroxyaromatic compound may be included in whole or in
part in the inert organic solvent stream introduced into the reaction system. In
one embodiment, the monofunctional hydroxyaromatic compound is dissolved
in the inert organic solvent and the stream is fed into an input of the reaction
system at the upstream end. If dissolved in the inert organic solvent, it is
preferable that the monofunctional hydroxyaromatic compound comprises
from about 1 to about 20% by weight of the solution. Optionally, carbonyl
chioride, such as phosgene, méy be dissolved in this stream. Alternatively,
the inert organic solvent and the hydroxyaromatic compound méy be
introduced in separate streams at the input of the reaction system at the
upstream end, or each stream may be divided into two or more streams and
introduced at input points along the reaction system.
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one enbodi nent, the nonofunctional hydroxyaromatic conpound is dissol ved

in the inert organic solvent and the streamis fed into an input of the
reaction systemat the upstreamend. |f dissolved in tR8Septanibes2§8ai c
solvent, it is preferable that the nonofunctional hydroxyaromatic conpound
conprises fromabout 9 to about 20% by wei ght of the solution. Optionally,
carbonyl chloride, such as phosgene, may be dissolved in this stream
Alternatively, the inert organic solvent and the hydroxyaromatic conmpound
may be introduced in separate streans at the input of the reaction system
at the wupstream end, or each stream nmay be divided into two or nore
streanms and introduced at input points along the reaction system 26 30

Sept enber 2003Tﬁheesﬂendeﬁm of the edadtivh mB@de! lﬁrthg‘rééélf] dh systbiSis’gact i on
systemis, a fun @rgOf vlumatrlcflowratet rou ereactlon system

1f the reXoch 'B'P. ﬁ#flcs oW gt thipugh dbe seactiosy systemanlfethetmacnmgt h and
ona  hor el emCls, BCAMer RaCof F ihefanes, He SRt S SRR Hebesi gn

and thereby achieve an opti mim yi e
consi der aft€iagtort may beevadeddo adnpi.regafdesmedemﬁdmmeanme gﬂgcmep@@ by

Levenspi e Rea | ne n Wley and Sons,” 1962.
Pr ef er abl c“'?ﬁaﬁgﬁ?ﬁymsﬁgﬁ&%ﬁg §*5ﬁf&f‘°&? Pcrﬂau‘itubul ar reactor is at
| east about 10, and nore preferably at |east about 20. In the present

invention it was surprisingly found that the residence time in the reactor
Is not critical. It was also surprisingly found that extra residence

Design consideration that are common to plug flow reactors are
described by Levenspiel in Chemical Reaction Engineering, John Wiley and
Sons, 1962. Preferably, the length to diameter ratio of the tubular reactor is
at least about 10, and more preferably at least about 20.

In the present invention it was surprisingly found that the residen;:e time in
the reactor is not critical. It was also surprisingly found that extra residence
time in the reactor will not degrade the product. In general,-the reaction
occurs at a fast rate; the preferred residence time in the reactor may vary
from about 0.5 seconds to about 30 seconds per stage, more preferably from
about 1 to about 10 seconds per stage.

It is preferable to maintain the reaction system at substantially amine
free conditions. By “substantially amine free” it is meant that the flow rate
weighted average of the amine levels, including but not limited to
triethylamines, in all feed streams be maintained at less than 50 parts per
million (ppm), preferably below about 10 ppm, even more preferably below
about 5 ppm. The presence of amines in the reaction system leads to
un.desirabie side products, such as DAC. Optionally the feed stream(s)
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time in the reactor wll not degrade the product. In general, the reaction
occurs at a fast rate; the preferred residence tinme in the reactor may vary
from about 0.5 seconds to about 30 seconds per stage, nOPSSHERETANY from
about 1 to about 10 seconds per stage. It is preferable to maintain the
reaction systemat substantially amne free conditions. By "substantially
amne free" it is neant that the flowrate weighted average of the am ne

| evel s, including but not limted to triethylamnes, in all feed streans

be mai nt ai | el L ‘ef erabl y bel

about 10° ppes od, e veBeAth s BR! TP Be pdfiten, Y sohf RkraBin sae efaner

am nes in tfeedr streamsn mmaysthempueifidd by p ithébbésﬁ% esﬁ{a&ﬁ’l"%{héh’c“ as
20

enteri ng

DAC. Option the, feed strean(s) 27,30 Septenber
react i-on sy%{"%ﬁpﬁ'g\/bﬁa tﬁuﬁ"?qv@d%@? axinese o radditiom; it dsyalsb preferabieto

; s . . : ‘ dsor pent

ed 1o e L o ReneaR P St beslts) ainky, Tiufo e i o

ot her conddfsSHAtAMaRL ANYweriute saltes aadi qaatermargl Pﬁbﬁﬂ‘lmhn{“gaéﬂsi, njipd to
an

quat ernary & w,& ternary phosphoniumsalts, or gan
o-phosphorougaﬁg. a yéﬁé%?ﬁg y, the MAC reaction product may be treated
with further processing steps. Although the MAC reaction product fromthe

process of this invention has sufficiently | ow DAC |l evels to be used
wi thout further purification for polynmer production, such as a

pol ycar bonat e, cl‘.rf;gﬁoonra]a?lly,l ¥re W&c reaction product may be treated with further
processing steps. Although the MAC reaction product from the process of
this invention has sufficiently low DAC levels to be used without further
purification for polymer production, such as a polycarbonate, optionally, the
product solution may be further purified by fractional distillation prior to
introduction into a polymerization, i.e. a polycarbonate synthesis.

In one embodiment, the process of the instant invention is conducted
in a tubular reactor system as illustrated in FIGURE 1. The tubular reactor
may be situated in any manner; however it is preferred that the tubular reactor
is horizontally displaced. Feed stream 1, containing monofunctional
hydroxyaromatic compound and solvent are fed to precooler 3. The prodhct
of precooler-3 and feed stream 2 containing carbonyl chloride, such as
ph_osgene, are fed to mixer 4. A separate stream of an aqueous caustic
solution 5 is fed into precooler 6. The effluents from mixer 4 and precooler 6
are then fed into the tubular reactor 7. The diagram of reactor 7 includes
mixing elements in the reactor. Optionally, tubular reactor 7 may be
insulated. The effluent from tubular reactor 7, containing the MAC product
(product stream) may be further processed, or it may be directed into a
polymer synthesis reactor, for example a polycarbonate synthesis reactor.
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product solution may be further purified by fractional distillation prior

' ' ' ' ' ' | ycarbonate synthesis. In
to introduction into a polynerization, i.e. a pol .
one enbodi ment, the process of the instant invention is38&edtambeat2008. a
tubul ar reactor systemas illustrated in FIGURE 1. The tubul ar reactor nmay

be situated in any manner; however it is preferred that the tubula{ react or
I's horizontally displaced. Feed stream 1, containing nnnofupcthona duct
hydr oxyar omati c conpound and sol vent are fed to precooler 3: The pLo u

of precooler 3 and feed stream 2 containing carbonyl chloride, such as
phosgene, are fed to mXxer 4. A separate stream-of an aqueous cauztlc
solution 5is fed into precooler 6. The effluents from m xer 4 an

precool er 6 arEhe peocdsscis stiawh e FIGURERY nﬁé\fa\gggﬁopr&a&wg%,ﬁgﬁ%g& @,Ib ar

reactor 7 includes I Xj ng el ements in. the re

m - »
reactor 7 'HafNpen-deman nern dependingnont themintebdedr useasft the MAC
I ni ‘ (gr : . be further processed, or

"t my  be T oaoyoq M §ricess R Bbctaled i S8 b BkRRtY MABReTe b e be L
pol ycar boriteded ywiiksa shatelcpalycarb8ndte Sppthesizelis magw@ncﬂfﬁé SR as
dependi ng SO ervahadte AL BrodiE Madbe jteadised info tecaiycarbonaiss
depending 0 | . : C i . s

ol yoar bonat e synt hoa e\ o (e pHosERAGIE stct BF ¢ Mlteb blualbinatene wc
Broéuct Wﬁ?@#ﬁatﬂ*@dtk@a@mﬁp@d tPmior o lcpmplétimmoE thes potyrasbendte aE@s, duri ng
the phosgeriad MAT Pr68ud’ sthddim AL b Jeliog Ocﬂr%tc%y into the polycarbonate

synthesis reactor without the need for further purification.

As shown in FIGURE 2, a tubular reactor system may be connected in series
to a polycarbonate synthesis reactor 17. One embodiment of the batch
polymerization is discussed in section Il of the speciﬁcatién. The
polycarbonate synthesis reactor may be operated either continuousiy or in a
batch mode. In the continuous operating mode, the product from the reactor
7 is continuously introduced into the polycarbonate synthesis reactor 17. in a
batch operating mode, the polycarbonate reactor may be charged with
monomer, for example bisphenol-A (BPA) 11, solvent 1 2, catalyst 13, water
14, phosgene 15, and an aqueous caustic solution 16 as disclosed in US
Patent 4,864.011. incorporated herein by reference. In the polymerization
disclosed in 4,864,011, a MAC chainstopper is added to the polycarbonate
synthesis reaction after 20 to 80 percent of the carbonyl halide that is to be
added in total has been supplied to the reactor. Each example in 4,864,011
shows the entire charge of chioroformate being added at a single point in the
batch polymerization process. ‘
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synt hesis, and then stopped prior to conpletion of the polycarbonate batch.
The MAC product stream nay be delivered directly into the pol ycarbonate
synthesis reactor without the need for further purificat30drepigsberZd@da i n
FIGURE 2, a tubular reactor system nay be connected in series to a

pol ycarbonate synthesis reactor 17. One enbodi ment of the batch

pol ynmeri zation is discussed in section Il of the specification. The

pol ycar bonat e synt-hesis reactor may be operated either continuously or in a

bat ch node. .Etyw%lcontl uous o erating node, the product fromthe reactor
7 is continuo |Io\ing, discyssie osﬁﬁe ‘g'gl‘ytbﬁr Eﬁﬁﬁaetss;inc!hdin'gs caasiid,oand 7.
In a batch cuvets WhieR ed with
nmononer, for exangqe bi sgéﬁgn% E%C‘?é%%? sold’rgﬁﬁ‘#gnr% ihe, Mg@ 2dUYGS or
14, phosgene Stitablenfor aﬁe@almﬂmp@mgagentsolmhemnl&lﬁsc&hﬁ Qﬁ?%e’s E&z

po zation

o 50 4o SR BRSBTS ke et o -

synt hesi s reaxhaastiad.t er 20 to 80 percent of the carbonyl halide that is to
be added in total has been supplied to the reactor. Each exanple in
4,864,011 shows the entire charge of chloroformate being added at a single
point in the batch polynerization process. 29 30 Septenber 2003 The
foll owi ng discussion sets forth the reactants, including caustic, and

sol vents whi ch ar & ifablePhéndflhctbiy | #ﬁ’g ration of 't MAC product s
suitabl e for use as endcappi ng %gentl SH], d?éﬁ%% uFdrP %’Pﬁﬁ)r\@ﬂﬁ‘l% rae¥ e bed
used in the process of the present invention to prepare MAC are represented
by the general formuta (Il):

/N
Ror& -0

‘where n is an integer from 1 to 5, and wherein R, represents hydrogen, a
branched or unbranched alkyl group having from 1-15 carbon atoms, an aryl

. group which may be substituted or unsubstituted, a cycloaliphatic group which
may be substituted or unsubstituted, or an arylalkyl group which may be
substituted or unsubstituted. It is preferred that n is equal to 1 and that R, is
present in the para position.

- Monofunctional hydroxyaromatic compounds as defined in formula (i)
include, but are not limited to, phenol, p-tert-butylphenol, o-cresol, m-cresol,

 p-cresol, o-ethy_lpheno!, p-ethylphenol, p-cumylphenol, chroman, p-
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[ trative purposes only, and the provided lists are not intended
?gebgore;Lgﬂztive. Sgitgble nnnofunctionallhydroxyaron%tlc conpoundg whi ch
may be wused in the process of the present invention to Qﬁ%ﬁ@ﬁéb@ﬂ%ﬁ rs om
represented by the general formula (11): OH H where nis an |nteﬁea {kl
1 to 5 and wherein R represents hydrogen, a branched or unbranched al ky
group having from 1-15 carbon atoms, an aryl group which may beb
substituted or unsubstituted, a cycloaliphatic group which nay be

i ' whi ch b
Libe bt SPEPAARCR i, S oo i ortan 1
R is prd3efered mbnpﬁmtﬂomshyd@&}/aw&g%hi;%ﬂﬁhs hg,g,r g,ﬁgﬁ{:,ﬁ]%,t o
conmpounds as defined in fornula (I I ncl ude, "but "are™n | hhol
phenol , p-‘ﬁ'@'\o “bRnCHMf tanol. ochypman,  and onietices thereof: q&@bmgggﬁéhw ghenol

- &gy phenol, chronman, p- 30 30 Septenber 3 octyl phenol ,
B- ﬁg%: Bﬂﬁglt?p%:fnapt'hgl, 0- napt hol and m xtures thereof. Preferrefl

nmonof unctional hydroxyaromatic conpounds are phenol, t-butyl phenol,
p-cunyl phenol, chroman, and mixtures thereof; p-cunyl phenol is nore
preferred. Suitable carbonyl halides for use in the present process,

include, but  gyjtahle carbonyl halides for use in the present process, include, but

are not limited to carbonyl chiorides, such as phosgene, carbonyl bromide,
carbonyl iodide, carbony! fluoride and mixtures thereof. Other carbonyl-
chiorides including diphosgene and triphdsgene are also suitable. Phosgene
is the preferred carbonyl halide. The carbonyl halide may be introduced into

the reaction system in the form of a gas or a liquid, or it may be dissolved in
any feed stream except thg caustic feed stream before the introduction of the

feed stream into the reaction system. It is therefore possible to prepare other

" haloformates, such as bromoformates, etc. by the process of the invention.
Chioroformates are the most preferred.

Suitable inert organic solvents for use in the process of the present
invention include any inert organic solvent which is substantiaily insoluble in
water and inert to the process conditions. The inert organic solvent should
also be a liquid under the reaction conditions and should not react with the
carbonyl haiide, the hydroxyaromatic compound or the caustic. It is desirable
that the MAC product be soluble in the solvent. Suitable inert organic
solvents include, but are not limited to aliphatic hydrocarbons such as
pentane, hexane, cyclohexane, and heptane; aromatic hydrocarbons such as
toluene, xylene; substituted aromatic hydrocarbons, such as chlorobenzene,
dichlorobenzene, and nitrobenezene; chlorinated aliphatic hydrocarbons such
as chioroform and methylene chloride, and mixiures of any of the
aforementioned solvents. The aforementioned soivents may also be mixed

31



are not limted to carbonyl chlorides, such as phosgene, carbonyl brom de,
carbonyl iodide, carbonyl fluoride and m xtures thereof. Qher carbonyl

chl orides including di phosgene and tri phosgene are al so @@@m@fzﬁﬁ%sgene
is the preferred carbonyl halide. The carbonyl halide may be introduced
into the reaction systemin the formof a gas or a liquid, or it may be
dissolved in any feed stream except the caustic feed stream before the

i ntroduction of the feed streaminto the reaction system It is therefore

D ocess of Lne {mvents onono S EHE D Bital FRuraRe (Cpuriedalphatic dbl o

- process of he I nvention. “Chl oro ormate

i nert organfi¥/ deqqapkons; areprefareed, lin pagicatarerstpyRheldhforifessent i nvention

i nclude any inert organic solvent which is su%stantla i nsoluble in
water and inert. to the process conditions. The inert organi c solvent shoul d
also be a liquid under the reaction conditions and should not react with
the carbonyl halide, the hydroxyaromatic corrpound or the caustic. It is

desirable that The rmc}:cpntml ee the Ikt ent ui tabl e inert
or gani c soéﬁe.ﬂ%gh | nc%‘ﬁ'céi > Etﬁgre not |i %egg'dé :ﬁ%%h%ﬁ! #RePhons

such as peft anes e ™St pasex herein &ﬁ&medplnaas,a 2B0OSWE.| CTHY ¢apgfE bons
such as twmpoundyéqj]ﬁferéblﬁﬁtr&&'&%ﬁ %%O%%téﬂlqgfg drogar bons, such ‘as

chl or obenzene, .. dichl orobenzene jogy pﬂa:msmg thehat i c

hydr ocar bor@lkaligeta d%ﬂwmf@faika&mdamwibth%ecm oride, and mixtures of
any of the aforenentioned solvents. The aforenenti oned solvents may al so

be m xed 31 30 Septenber 2003

Suitable alkali metal compounds which may be used as a caustic in the
reaction system include, but are not limited to, sodium hydroxide, patassium
hydroxide, lithium hydroxide, sodium hydrogen carbonate, potassium
hydrogen carbonate, lithium hydrogen carbonate, sodium carbonate,
‘potassium carbonate, lithium carbonate and mixtures thereof.

Suitable alkaline-earth metal compounds which may be used as a caustic in
the reaction system include, but are not limited to, calcium hydroxide, barium
hydroxide, magnesium hydroxide, strontium hydroxide, caicium hydrogen
carbonate, barium hydrogen carbonate, magnesium hydrogen carbonate,
strontium hydrogen carbonate, calcium carbonate, barium carbonate,
magnesium carbonate, strontium carbonate and mixtures thereof.

The strength of the aqueous caustic solution may be varied, however it is
preferable that the caustic compound comprise from about 10 wit% to about
50 wt% of the aqueous caustic solution, preferably between about 15 to about
40 wt%. The most preferred caustic is sodium hydroxide, and the aqueous
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with ethers, including but not limted to tetrahydrofuran. Chlorinated
aliphatic hydrocarbons are preferred, in particular nethylene chloride.
The reaction to produce the MAC requires an al kali net al30dzapteralpet/2003 an
al kal i ne-earth netal base, herein referred to as a caustic. The caustic
conpound is preferably introduced as an aqueous sol ution conprising the
al kali metal base and/or al kaline-earth nmetal base. Suitable alkali netal
conmpounds which may be used as a caustic in the reaction systeminclude,
but are not limted to, sodi um hydroxi de, potassium hydroxide, |ithium
hydr oxi de, Cadégficugelkiian qyeferably boomaprisespfrbas sbuat 16VA%P 8

l'ithium hy%é}ﬂﬁ“}ﬁ&bg@gat e, sodium carbonate, potassium car (l;‘ﬁj;ﬁ’at,%l i thium
carbonate” 3ng thereof. Suitable al kaline-earth netal conpounds

whi ch may be used as a caustic in the reaction systeminclude, but are not
limted to, calcium hydroxide, barium hydroxide, magnesi um hydroxi de,
stronti um hydr oxi de, cal ci um hydrogen carbonate, barium hydrogen

car bonat e, magnesi um hydrogen carbonate, strontium hydrogen carbonate,,

cal cium carbonate, barium carbonate, nagnesium carbonate, strontium
carbonate and m xtures thereof. The strength of the aqueous caustic

sol uti on iy Desuteli PRocdyaRiioihd Prodyosiiif b il Ealdiftarblfy 1Sk GO POU

conprise from about 10 wt % to about acial
sol uti on, PePmergatiomet veen about 15 to about 40 wt% The nost preferred
caustic is sodi um hydroxi de, and the aqueous 32 30 Septenber 2003

In a second aspect, the present invention concerns the preparat:oﬁ of
polycarbonate products in a batch interfacial polymerization process coupled
with the continuous process for the preparation of MAC products as set forth
in section | of the specification, and a method of controlling the variability of
molecular weight in a series of product batches using this process. .

Polycarbonates which may be prepared by the method of this invention
typically comprise structural units of the formuta

T O=m=0

wherein at least about 60% of the total number of R groups are aromatic
organic radicals and the balance thereof are aliphatic, alicyclic or aromatic
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caustic solution preferably conprises fromabout 9 5w % to about 40 wt %
sodi um hydroxide. |I1. Batch Process for the Production of Polycarbonate by
Interfacial Polynerization In a second aspect, the presS@fiepiemizntd008
concerns the preparation of polycarbonate products in a batch interfacial
pol yneri zation process coupled wth the continuous process for the
preparation of MAC products as set forth in section 1 of the

specification, and a nethod of controlling the variability of ol ecular
t hi s process. Pol ycarbonates

ht bat
m: gh rr:a; geégpée%;r gf’jreﬁér?aﬂ{jé ‘%h e'S(§f lé‘?‘lhln Omﬁt}@n@fgmlc tradicabland qoomr i se

structural prefesatsy atrhgmép@frmb&oﬁng@ OROCIII wherein at | east about 60%
of the total nunber of R groups are-aromatic organic radicals and the

bal ance thereof are aliphatic, alicyclic or aromatic 33 30 Septenber 2003
radicals. Preferably, each Ris an aromatic organic radical and nore
preferably a radical of the fornula A Y A2----- | . wherein each A and A2

isais a m)nocycl iC di-v-a-hgm-_aq?.)d_g?.d.l_c_al and Yis a

wherein each A, and A, is a is a mononyclic divalent aryl radical and Y is a
bridging radical in which one or wo carbonate atoms separate A, and A,.
Such radicals may be derived from dihydroxyaromatic compounds of the
formulas OH-R-OH and OH- A A-Y-A,-OH, or their corresponding derivatives.
A, and A, include but are not limited to unsubstituted phenyiene, preferabiy p-
phenylene or substituted derivatives thereof. The bridging rad:cal Y is most
often a hydrocarbon group and preferably a saturated group, such as
methylene, cyclohexylidene or isopropylidene. Isopropylidene is the more
preferred. Thus, the more preferred polycarbonates are those compriéing
residues of 2,2-bis(4-hydroxyphenyl)propane, also known as “bisphenol A", In
one embodiment, the polycarbonate is a homopolymer of bisphenot A.

(Co)polyestercarbonates may also be prepared by the method of this
invention. The polyestercarbonate may comprise residues of aliphatic or
aromatic diacids. The corresponding derivatives of aliphatic or aromatic
diacids, such as the corresponding’ dichlorides, may aiso be utilized in the
polymerization.

Polyfunctional compounds may also be introduced Into the reaction to
produce, for example, branched polycarbonates.
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bridging radical in which one or two carbonate atons separate A, and A2.
Such radicals may be derived from di hydroxyaronmati c conpounds of the
formulas OH R-OH and OH A, -Y-A2-OH, or their correspond@Or@gptanbardidoges.
A, and A2 include but are not |limted to unsubstituted phenyl ene,
preferably p- phenylene or substituted derivatives thereof. The bridging
radical Y is nost often a hydrocarbon group and preferably a saturated
group, such as nethylene, cycl ohexylidene or isopropylidene.

| sopropylidene is the nore preferred. Thus, the nore preferred

pol ycarbonates are those conprising residues of

2, 2- bi s(4- hydr oxyphenyl ) propane, al so known as "bi sphenol A'. In one

nbodi nent ar; ' : I r _.of bi spheno] A.
(Coy pol yos oy CaoBAatss iRANGIG, bibrlafls PR atEBiziS: , aredypisalhy prohesd
i nvent i on.intEnfacially yirs the ceadtiomade anearboayiphalke, rggﬁ:hdélgghgg ghd PhggiL or
aromatic ?ﬂ%ﬁﬁ ds] Th(ibcor r.es oncii g, derivatives of ali hqt?c o'r ar S‘n‘ap I C
di aci ds, O FiKE 3?r@§%’g‘?ﬂﬂ ng- o % sresesce ofhg pherwiibeenddappirgd i n t he

ol ymeri ol f ' . .introduced into the
Iroea)(;t i olnztaiog e@pr ggg&@rﬂggﬁfggﬂgﬁg%%ﬁ@ﬁ@ 6@+ ?’@SB@&%Q&‘%&?%&Q 88%cpt enber
2003 Pol y@rtBerkagianing rof| thei interfaciateneactiqrovhict ieads &5 thetoPoduidlichabt

d d ,j ' t e Lon of a carbonyl halide, such as

Phosgene, UnAESEaBE; Biariicatbondlis, BAGH < e Gartiests it acPpfemedcbateh a
phenol i ¢ poticarimnzte sgottesis Hvesss BBIdMdRbEARRRIR, iHAVANS 18Bafly he

phenol i c endcaepln agent
an on-demand manner and added over a finite interval during the batch

polymerization.

It was unexpectedly found that when the batch polymerization reaction to
produce polycarbonates, as defined in section Il of thé specification, was-
coupled with the continuous process for the production of MAC as described
in section | of the specification, the molecular weight of the polycarbonate
preduct over a series of batches showed less variability than when previously
known methods for endcap addition, such as the addition of molten or solid
endcap, in particular p-cumyl phenol, were used |

it was aiso unexpectedly discovered that, when the batch polymerization
reaction to produce polycarbonate was coupled with the continuous process
for the production of MAC as set forth in Section | of the specification, by
adqing the MAC endcap over an interval during the batch polycarbonate
synthesis, that the final DAC level in the polycarbonate product was lower
than the level previously obtained by adding MAC to the polycarbonate
synthesis at a single point in the batch polycarbonate synthesis process, as
was disclosed by Bussink et al in US Patent 4,864,011.
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at the beginning of the interfacial reaction which | eads to the production
of undesirable diarylcarbonates (DAC). In contrast, in a preferred batch
pol ycarbonate synthesis process as. described herein, ti8 mker@opar ed
in an on-demand manner and added over a finite interval during the batch
pol yneri zation. It was unexpectedly found that when the batch

pol yneri zation reaction to produce polycarbonates, as defined in section
11 of the specification, was coupled with the continuous process for the
production of MAC as described in section | of the specification, the
nol ecul ar wei ght of the polycarbonate product over a series of batches
showed | ess varlablllt t han when previously known nethods for endcap
addi tion, suUPHoRg emt@cémnt,ltba esmbiped dMAGr asd |biatch polyecarhoniate ththegw ar

p- cunyl pher}%lm Q ééfwas al so unexpectedly discovered when
t he batch po r| za |on P 84ction to produce pol ycarbonate was coupl ed

with the contl nuous process for the production of MAC as set forth in

Section | of the specifi c#)chargiryyat lesstione dihg dl‘\’ﬁg Oé r an interval
during the batch pol ycar&onate s nt hesi s, that fina | evel in the

pol ycar bonat e product g qrgq\r,ypso VEBh Water, |caystic,srasbonyls| y obt ai ned by
adding MAC to the ﬁ&idéc%ha%ﬁ%élgsttéiﬁ“@él%&? gtrﬁ%ﬂ e point in the batch

pol ycar bonat e synthesi s proces ose Bussink et al in US
Pat ent 4, 864, 011th391-130fl$ep1eenmmnmﬁorb betwem atrdurdi nent, the conbi ned MAC

and bat ch pol ycarpAH St G Enarging; and

2) within an interval of between 0 and about 90 %
of the total carbonyl halide addition to the vessei,
activating a reaction system that produces

monofunctional aromatic chioroformates

(MAC) and introducing the MAC to the

vessel within the interval of 0 to about 90 % of
‘the total carbonyl halide addition to the vessel;

where the MAC reaction system is coupled with

the vessel, and where means are provided for

delivery of the MAC from the reaction system to

the vessel.

in a further embodiment, the combined MAC and batch polycarbonate
process of this invention preferably comprises the steps of
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rises the steps of 1) charging at |east one dihydroxy conpound, an
?ggPt organi c soleent, m%ter, caustic, carbonyl halide, and catalyst to a
vessel, and nmaintaining the pH of the reactlon_n1xture11kﬁQMﬁnmeﬂﬂmBB 4
and about 12 during charging; and 2) within an interval of between 0 and
about 90 % of the total carbonyl halide addition to the vessel, activating
a reaction systemthat produces nonofunctional aronatic chlorofornates
(MAC) and introducing the MAC to the vessel within the interval of 0 to

about 90 % t gt a . I d ition _to the vessel; where the
MAC react i Oﬁ)fc:g?glg% ?saégﬁppgquﬁ%é h%%gcgrs&‘fﬂ?'_ &ﬁa‘%ﬁgr@%@ﬁwm
provi ded f&pmpndy solyeot, andevatdC shdwptivhally eggdticon systemto the vessel .
In a further enbodi nent, the conbined MAC and batch pol ycarbonate process
of. this invention preferably conprises the steps of 36 30 Septenber 2003 |
)charging a batch polymerization reactor with at |east one di hydroxy
conpound, solvent, and water, and optionally caustic

2) simultaneously charging carbonyl halide and caustic to the reactor, while

maintaining a pH of the reaction in a specified range,

3)charging the batch polymerization reactor with the MAC reactor products
during a specified interval of the batch polymerization process, and

4)recovering the polycarbonate polymer from the batch polymerization
reactor.

The first step of the process is referred to herein as the batch
formulation. In this step, a batch interfacial polycarbonate reaction is
generally initiated by charging a vessel with a mixture of solvent, one or more
monomers , for example bispheno! A, and optionally a comonomer such as
2.2—bis(3,5~dibromo-4—hydroxypheny1)propane), water, and catalyst, such as
tn‘ethylamine.‘ The relative amounts of solvent and monomer are established
in order to achieve a desired final polycarbonate concentration in the organic
phase preferably in the range of from about 5 wt% to about 25 wt%, more
preferably in the range of from about 15 wt% to about 25 wt%, accounting for
sqfvent added during the formulation as well as solvent added during the
MAC synthesis and addition. The amount of water added during the batch
formuiation is established so that the final concentration of byproduct alkali
halide, for example sodium chioride, is preferably in the range of from about
10 wi% to saturation, which is about 26 wit% for sodium chioride, and more
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2) sinultaneously charging carbonyl halide and caustic to the reactor,
while maintaining a pH of the reaction in a specified range, 3)charging
the batch pol ynerization reactor with the MAC reactor pr¥ gnbe#0ldg a
specified interval of the batch polynerization process, and 4)recovering

t he pol ycarbonate polyner fromthe batch pol ynerization reactor. The first
step of the process is referred to herein as the batch fornulation. In
this step, a batch interfacial polycarbonate reaction is generally

i nitiated byPrefemblynfgom abeas d5 wioh o abbi retoof ne_or._nor
NoNoNers %/p x.grrplgo i sphenol A, ar?guggtgi"gtn/g'l @‘%gg?%h%%%ﬁg? °9mm0r§3§
2, 2-bi s(3, 5-"8{&&'8@@52'% angy AR e MesTribed pimel)S \Ratent JNA3@Y Rl Hetein Such

as triet hyligm;ﬂp@ra@bq)yr,g{v@%ﬁg& amounts of sol vent and nononer are
established in order to achieve a desired final polycarbonate

concentration in the organic phase preferably in the range of from about 5
w%to about 25 wt% nore preferably in the range of fromabout 15 wt%to
about 25 wt % accounting for solvent added during the formulation as well

as sol vent added | esi s d addition. The anount of

wat er added dutraif Q%IH{ eqf)éa{& %ﬁc%EP%%é}f% qup'ﬁsl?@ﬁﬁﬁ@ﬁaﬂtesmeawmn,tmmlfi nal

concent r at i ¢hetat bageandioc tikalike ldarthletalbadets £ Lumchloride, is

preferably i range of from about 10 avweoq%rsto sgﬂhﬁﬁﬁﬁ‘g"i‘!“ iTACHA apout

26 Wt % f or : o emot@0srelfs ey rom
£5Pifietie i the ranae @ about o avo t d@p he T

about 15 Wt Fange ob&boulT W Hbodt 43 i PFESR! ZafSoNate. reactions, and more
preferably in the range of about 9 to about 11 for Bisphenol A polycarbonate
synthesis reactions. The types and concentrations of bases described in

_ Section | of the specification are also usabie in the polycarbonate synthesis
process. '

During the batch formulation, the MAC synthesis reactor is idle, if the
MAC synthesis reactor is operated as an on-demand process. It is preferable
to operate the reaction system as an on demand process. The MAC
synthesis reactor may start either at or about the time phosgene addition
begins or at a specified time after the carbonyl halide, such as phosgene
addition starts for the batch polymerization reactor. When a predetermiﬁed
condition in-the batch polymerization has been achieved, for example, a
specific percent of the total carbonyl halide addition, the MAC synthesis
reactor is started and the MAC reactor products are delivered to the batch
polymerization reaction over a predetermined interval. Again, this interval is

usually. specified in terms of a percentage of the total carbonyl halide tafget to
the polymerization reactor.
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used in industry and are descri bed ihn LJS Pﬁteﬂt 3, 17?_, 891,fhte[]g| n

i ncorporated by reference. During the batch phosgenation o

pol ycgr bonat e ?/eact ion, alkali metal base and/or al kal Biceptambier200al base
is added to maintain the reaction pH preferably in the range of about 4 to
about 12, nore preferably in the range of about 7 to about 11 for

pol yester carbonate reactions, and nore preferably in the range of about 9
to about 11 for Bi sphenol A polycarbonate synthesis reactions. The types

d ' f S 1 i ign 1 of the specification
and concepkSmAsnEIMACSBRAIER RSy Arar BB Bl BoSlehig SPSCAeS 0T
f or mul at i efided Haring\thesintedvab of O raracabout S0 béfoent iof tﬁ@ghog@%@ga&mgﬁl s

on-denmand process. It is preferable to operate

: 4 .
{ ﬁgc'; g;cltF%gﬁé&%iéhpg@cgﬂ)%tﬁéﬁwwwocme PrRteraig. the MAGS ipsodushct or may
[ [ : ; I ns.or af.
SLart el s rom B dbhenkBcibe RosAsed ity e BRI Bhott 16, o ar
for the batembost PRepereant oh the pahosgensVasidition te tieé dratth poblycamihatd on i n.

PHERS . 1 :
per cent _oTNESTE Bfer Hfe BroREli e T ATRC AEARE Tiksirsy Rometha onr eact or
I's start edemard torecdédGs' At duithg dH6 tistetV ! d¥eld }éﬁ&%ﬁ;&gg%q]ﬁe&%hfgf terval

olyneri zati on reacti on. over a predeterm ned interva ] \
!Os yus ual ene agldition to the batch privearhoagte synthasist cAlémativélpiy! hal i de

target tothe! QA QYHiFBSISZAldcBEs "€ 3GhPly cBRtinuous, and not on demand, the
batch polymerization reactor may be fed with MAC product mixture over the
same intervals noted above, but the MAC product mixture is fed from a

storage vessel, such as a surge tank, rather than directly from the MAC
synthesis reactor.

The carbonyl! halide and caustic addition rates for the polycarbonate synthesis
reaction may vary during the course of the polymerization reaction. Althaugh
it is preferable to add both the phosgene and caustic to the polymerization
reaction during the interval that MAC is beiné generated and added to the
- polymerization reactor in order to minimize the batch reaction cycte time, it is
within the scope of this invention to suspend or reduce phosgene and/or
caustic addition to the polymerization reactor during part or all of the interval
during which MAC is fed to the polymerization reactor.

The total amount of MAC added to the batch polycarbonate synthesis is in the
range of about 1 mole percent to about 20 moie percent, based on the
number of moles of difunctional monomer in the polymerization, and
preferably in the range of about 1 mole percent to about 7 mole percent,
based on the number of moles of difunctional monomer in the polymerization.
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30 Septenber 2003 Preferably, the MAC product m xture prepared by the on
demand process is added during the interval of 0 and about 90 percent of
t he phosgene addition to the batch pol ycarbonate synt he¥iSeptévbber 2003
preferably, the, MAC product mxture fromthe on demand process is added
during the interval of about 10 and about 80 percent of the phosgene
addition to the batch pol ycarbonate synthesis. Even nore preferably, the
MAC product m xture fromthe on- denmand process is added during the

i nterval of Tbearaleabbuddifborpasfcaid A osgene addition to the batch
pol ycar bonat mﬁnt.hesi s. Alternativel y? P@#ﬁeﬁ%& es?%t‘h@spglyﬁ?mei S

sinply conti SIS JR8Y neiry cived dhermbursenef addition l@ﬂté*ﬁéfcﬁaéélgﬁle{gﬁgﬁ&? rmay
be fed with pddetiBh OBuetit r’igx@%& %ﬁenrt thcgq Eama i nterval s noted above;  but
the MAC product m'xture is Yed Fro aqq dhe JMALe gaixturesat fa aubstantine
tank, rat hercqnﬂantdateatntne;bmlpmrbbnawn nf hesis reactor. The carbonyl

hal i de and caustic addition rates for the polycarbonate synthesis reaction

may vary during the course of the polynerization reaction. Although it is
preferable to add both the phosgene and caustic to the polynerization
reaction during the interval that MAC is being generated and added to the

pol yrreri zat ilbis pesdertabie ito predste | D rdd A ch reaction cycle tine,
it is within the scope ofmt hi s"?"ﬁlverennét]réogrglﬁg eﬂ%ﬁ(f&[ﬁh? @élﬁ!b*%ﬁé%@]éhe
and/ or  caudd¥caARRRAte Fynthesis seadiopnTiezpredeteriimsd ?Eacﬁﬂﬁié?‘ﬂjr?%ﬂ{ttfgfér al |

[ e . The

ot ol ampon S e BbRE ML Pl hackin ey et skamptor e
attainment pf a specific total amount of phosgene or caustic addition to the
polycarbonate synthesis reaction. Alternatively, the properties of the reactor
contents may be measured intermittently or continuously, for example the
weight average molecular weight may be monitored by laser light scattering.
When the measured property achieves a desired level, this signifies the
reaction endpoint. At this point, the carbonyl halide addition is stopped:;
caustic addition may continue untif a final reaction pH is achieved. |

The polycarbonate from the batch polymerization process rhay be
recovered according to practices well known in the art for solution
polymerizations.  Several well-known techniques such as antisolvent
precipitation_are described in Chemist nd_Physi f r , H.

Schnell and Polycarbonates, by W. F. Christopher and D. W. Fox,

The transport of the MAC from the continuous reaction system used to
prodgce the MAC to the polycarbonate synthesis reaction (batch
polymerization reaction) may be accomplished by any suitable delivery
system, for example, a pipe between the two reaction systems. The delivery
time between the MAC reaction system and the polycarbonate synthesis
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range of about 1 nole percent to about 20 nol e percent, based on the

nunber of noles of difunctional nononer in the polynerization, and
preferably in the range of about 1 nole percent to abouB0Bapidnebgre008nt ,
based on the nunber of noles of difunctional nonomer in the pol ynerization.
39 30 Septenber 2003 The rate of addition of the MAC product m xture to the
pol ycarbonate synthesis nmay vary over the course of addition to the batch
pol ymeri zation reaction, but it is preferable to add the MAC m xture at a

subsLant aldependsre 6 i 1 Wil RO WRLIES Sk bbb

preferable to predeternine a reaction endpoin
pol ycar bondpat delivesy timetis dn tHeh eamgee dft stvotitnedtor @BBLE BD QBERRyHt for a
f

batch int elg afd p ' 0, synt hesi,s reaction may be, for exanple,
att ai nment ({?Fégléélrv)'e?#%(ﬁ@AEO%%%E%Wﬁ{é"MS PlRredeAt clasecas uossibdeido tthen t o
the pol ychalehreaetontotrhintrizerthe poteiiial Hf ‘@?JP)S he properties of the
reactor contents nay be measureg interm éﬁ%ﬁ? 0 85&%&%ously, for
exanpl e the weight average nol ecul ar wei ght nay be nonitored by | aser

| ight scattering. Wen the nmeasured property achi eves a desired |evel,
this signifies the reaction endpoint. At this point, the carbonyl halide

addi tion i #& sHouwd & noteduhhi Yolre]er ' uptil g final reaction

pH i s achieved. The r;;t(:))l ycarbf)g?léé?)gm?r%wnﬁ%uﬁéﬁéﬁgggwya@lﬁﬁd? iggdiionsd ess may

be recoveP®iNGbetyerm e MAL synthasis veaddtok andnhé @dﬁlﬁr@éﬁatéf%'ynﬂ?%gg i on
ol’ven

pol yrmer i Zapddhs. iR FeatioNSroali B miRs il Hggussgr%r::egg fgrntthlesproduction,
of MAC as described in section | of the specification contains not only MAC,
but aiso unreacted carbonyl halide and caustic, as well as solvent and
aqueous aikali halide solution. Therefore, if any hydrolysis of the MAC
product back to monofunctional hydroxyaromatic compound occurs within the
tubuiar reactor or while the MAC product mixture is being conducted to the
polycarbonate polymerization reactor, the residual carbony! halide and caustic
will tend to reconvert hydrolyzed product to the desired MAC.

The following discussion sets forth reactants and solvents which are suitable
for use in the preparation of the polycarbonates by a batch or continuous
interfacial polymerization process. The solvents, caustic, carbonyl hatides,
and monofunctional hydroxyaromatic compounds which may be used in the
production of the MAC as discussed in section (I) of the specification may
also be used in the batch process for the preparation of polycarbonate. The
particular reactants and cataIysté as described are for illustrative purposes
only, and the provided lists are not intended to be exhaustive.

Suitable carbonyl halides for use in the polycarbonate synthesis process,
_include, but are not limited to carbony! chloride, carbonyl bromide, carbonyl
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precipitation are described in h i# and Physics of r H  Schnell and

Pol yor bonates, by W F. Christopher and D W Fox. . The transport of the
MAC fromthe continuous reaction systemused to produc&OtSeptaut@ri2603% he
pol ycar bonat e synthesis reaction (batch polynerization reaction) nmay be
acconplished by any suitable delivery system for exanple, a pipe between
the two reaction systens. The delivery tinme between the MAC reaction
system and the pol ycarbonate synthesis 40 30 Septenber 2003 depends on the

| ength and dibditet eartdnyl flaodes iah@ﬁﬁixﬁ)f@&%ﬁérécgb L[?lpgggé%@%%bgj t”IPB?’tégtﬁggm y

delivery tinme is in the range of about 1 to a

the MAC r eaciTBGHSQ §4itabie carganytbalides. FPhosgens iptsa phiferred ddtBoniddlide.
reactor to mnimze the potential of phosgene exposure risk. It° should be
noted that the MAC purity is unaffected by delays in additional piping

bet ween the MAC synthesis reactor and the polycarbonate synthesis reactor.
The reaction product fromthe continuous process for the production of MAC

as described in dbistoore undérstdud thagcalfhiotghi ‘Qnm@malf@s"r%}b B! dregébl’ped but
al so unreact Z’q@%ﬁh?‘gn%l ﬁkﬁl i d aad 9 us{]ii c,, as well as solvent "an aqueous
al kali halidt orgeRt pradus? ,and ufilized ageardiaps tarfthe hmetii@ gfr thikict
back to nondhwditionoRsl deyersed ah 088dtignsC n chrs within.the tubular
reactor or while the MAC product m xtd;u‘rseqirrgﬂgelﬂn%?cg\?dfﬂegg.’lc?gophepther
pol ycar bonath@lgfermaies; may; ke prepared, and taveethedgehera ifbaniia Baséfsef i
caustic formula V, below, in which X represents fiucrine, bromine, chlorine or iodine .

The corresponding carbenyl halide, as discussed above would be utilized in

production of the haloformate endcapping agent.
Q
C-X
R @_0 v

Suitable organic- solvents for use in the polycarbonate synthesis
include any organic solvent which is substantially insoluble in water and inert
to the process conditions. The organic solvent should also be a liquid under
the reaction conditions and should not react with the carbonyl halide, or the
caustic. Suitable organic solvents include, but are not limited to aliphatic
hydrocarbons such as pentane, hexane, cyclohexane, and hepténe; aromatic
hydrocarbons such as toluene, xylene; substituted aromatic hydrocarbons,
such as chlorobenzene, dichlorobenzene, and nitrobenezene: chlorinated
aliphatic hydrocarbons such as chloroform and methylene chloride, and
migtures of any of the aforementioned solvents. The aforementioned solvents
may also be mixed with ethers, including but not limited to tetrahydrofuran.

Chlorinated aliphatic hydrocarbons are preferred, in particular methylene
chloride.
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will tend to reconvert hydrolyzed product to the desired MAC. The foll ow ng
di scussion sets forth reactants and sol vents which are suitable for use in
the preparation of the polycarbonates by a batch or conBPiepigmbdr2088f aci a
pol yneri zati on process. The solvents, caustic, carbonyl halides, and

nonof uncti onal hydroxyaromati c conpounds which may be used in the
production of the MAC as discussed in section (lI) of the specification my
al so be used in the batch process for the preparation of polycarbonate. The
particul ar reactants and catal ysts as described are for illustrative
purposes only, and the provided lists are not intended to be exhausti ve.
Sui tabl e cgébon |  halides for use in the polycarbonate synthesis process,
"ncl ude, botUHABLe kisPhenasas dipberels Mevigh mayl bz Ued irs D PBHme BiofSr

d m xt

car bonyl 4 hoBRapEBtABLREHUAS t.aggingﬁirgﬁ%& onyl fluoride a ures

[
t hereof . Di phosgene and tri'phosgén 'so sui tabl e carbonyl halides.
Phosgene is the, preferred carbonyl halide. It is to be understood that,
al t hough " EBSASEBOLr mat es” are the preferred endcappi ng agent produced and
utilized according to the method of this invention as described in

sections | 4¢ i specification, other hal oformates may be
pr epar ed, §2§€H*a‘%/'89{"ﬁg§n‘§énera| formul a described in formula V, below, in

whi ch X reﬁresengs fluorine, brom ne, chlorine or iodine. The _
cor r espondhydroggiromey| hal i de, as di scussed above woul d be utilized in
production of the hal of ormate endcappi ng agent. V
4,4'-dihydroxybiphenyl,
1,6-dihydroxynapthaiene,
bis(4-hydroxyphenyl)methane,
bis(4—hydroxyphenyl)diphénylmethane,
bis(4-hydroxyphenyi)—1~napthylmethane.
1,1-bis(4-hydroxyphenyi)ethane,
1,2-bis(4-hydroxyphenyi)ethane,
1 »1-bis(4-hydroxyphenyl)phenylethane,
2,2-bis(4-hydroxyphenyl)propane (“bisphenol A",
2-(4—hydroxyphenyl)-2-)3-hydroxyphenyl)propane,
2,2-bis(4-hydroxyphenyl)butane,
1,1-bis(4-hydroxyphenyi)isobutane,
1,1-bis(4—hydroxyphenyl)cyciohexane,

trans-2,3-bis(4~hydroxyphenyl)—2—butene,
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Sui tabl e organi c solvents for use in the polycarbonate synthesis include
any organi c solvent which is substantially insoluble in water and inert to
the process conditions. The organic sol vent shoul d al so38&eptamgii2§08nder
the reaction conditions and should not react with the carbonyl halide, or
the caustic. Suitable organic solvents include, but are not limted to

al i phatic hydrocarbons such as pentane, hexane, cycl ohexane, and heptane;
aromatic hydrocarbons such as tol uene, xylene; substituted aromatic

hydr ocar bons?.2-big{éthyssoxyphenghedarsastandi chl or obenzene, and ni trobenezene;
chlorinated aliphatic hydrocarbons such as chl orof orm and net hyl ene

chloride, and ., m res of any of the aforenentioned solvents. The
af orement i 0&8'@8(‘{75)4&9*!/9@%@68% m xed with ethers, including but not

limted to tetrahydrofuran. ,Chlorinated aliphatic hydrocarbons are
preferred, ibis@a3yl Bn b chloride. 42 30 Septenber 2003 Suitable
bi sphenol s or di gﬁe(%%)ylpg mﬂﬁ:‘ﬁ*n@gﬁ%e used in the polynerization of

pol ycar bonat.e L,ncl ude, but are not linmted to, resorcinol,
4- br onr esofr&PREHMethyid-bydrionpphenyljprapan,hy dr oxybi phenyi ,
1, 6- di hydr oxynapt hal ene,  bi s(4- hydr oxyphenyl ) net hane,
2,2-bis(3-ethyl-4—hydroxyphenyl)propane,
2.2—bis(3-n-propyi-4-hydroxyphenyl)propane,
2,2—bis(3-sec—butyl-4—hydroxyphenyl)propane,
2.2-bis(3-t—buty|-4-hydroxyphenyl)propane,
2,2-bis(3-cyclohexyl—4-hydroxyphenyl)propane,
' 2,2-bis(3-alIyl—4-hydroxyphenyl)propane,
2,2-bis(3-methoxy-4«hydroxypheny!)propane,
2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, _
2.2-bis(2,3,5,6-tetramethyl-4—hydroxyphenyl)propane,
2,2-bis(3,5-dichioro-4-hydroxyphenyl)propane,
2,2-bis(3,5-dibromo-4~hydroxyphenyl)propane,
2,2-bis(2,6-dibromo—3,5-dimethyl-4-hydroxyphenyl)propane.
o, a-bis(4-hydroxyphenyl)toiuene,

a,cr.,a’,a’-tetramethyl-a,a’-bis(4-hydroxyphenyl)p—xylene,

2.2-bis(4-hydroxyphenyl)hexaﬂuoropropane,
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bi s(4- hydr oxyphenyl ) di phenyl net hane,

bi s(4- hydr oxyphenyl ) - 1- napt hyl met hane, 1, 1-bis (4-hydroxyphenyl )ethane,

1, 2- bi s(4- hydroxyphenyl )ethane, 1, 1 -bi s(4-hydroxypherglSapteanlydreiobane,

2, 2- bi s(4- hydroxyphenyl)p ro pane ("bisphenol A"),

2- (4- hydr oxyphenyl ) - 2-) 3- hydr oxyphenyl ) propane,

2, 2- bi s(4- hydr oxyphenyl ) but ane, 1, 1-bi s(4-hydroxyphenyl)isobutane, 1, 1

- bi s(4- hydroxyphenyl ) cycl ohexane, trans-2, 3-bi s(4-hydroxyphenyl)-2- bu ten

e, 43 30 Sappgmhwmmigmgﬁééhgﬁ?@%[g&gnyI ) adamant ane,

a, a' - bi s(4-hydroxyphenyl )tol'u f oxyphenyl )acetonitrile,

2, 2- bi s(3-net hyl - 4- hydr oxyphenyl ) pr opane,

2, 2- bi s( 3- dihyfibromeZi2bis(Bthyesoyyphepyiethyiene,

2, 2- bi s(3-n-propyl -4-hydroxyphenyl )propane, 2,2-bis (3-sec-butyl-4-hyd

R e

S oy oihonene,
3,3-bis(4-hydroxyphenyl)-2-butanone,
1,6-bis{4-hydroxyphenyl}-1,6-hexanedione,
- ethylene glycol bis(4-hydroxyphenyl)ether,
bis(4—hydroxyphenyl)ether, |
bis(4-hydroxyphenyi)sulfide,
bis(#—hydroxyphenyt)suifoxide,
bis(4-hydroxyphenyl)sulfone,
bis(3,5-dimethyl-4-hydroxyphenyi)sulfone,
9,9-bis(4-hydroxyphenyi)fiuorene,

2,7-dihydroxypyrene,

6.6’-dihydroxy—3,3,3',3'-tetramethyl3piro(bis)indane : (“spirobiindane
bisphenol”),

3,3-bis(4-hydroxyphenyl)phthalide,
2,6-dihydraxydibenzo-p-dioxin,
2.6;dihydroxythianthrene,

2,7-dihydroxyphenoxathiin,
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, 2- bi s(3- met hoxy- 4- hydr oxyphenyl ) pr opane,

, 2-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) propane, 2,2-bis(2, 3, 5,

-tetranet hyl - 4- hydr oxyphenyl ) propane, 30 September 2003

2- bi s(3, 5-di chl or o-4- hydr oxyphenyl ) pr opane,

, 2-bi s(3,5-di brorrio-4-hydroxyphenyl ) propane,

,2-bis(2,6-dibronn-3,5-dinethy1-4-hydroxyphenyl)propane, a,

a bi s(4- hydr oxyphenyl )t ol uene, a,a, a',
-tetranetH&F{Hﬁdnﬂﬂ%&ﬂﬂhyﬂhﬂﬁueﬁgﬂué)p xyl ene, 2,2-bis(4-hyd roxyphen

yl ) hexaf | uoropro pane, 44 30 Septenber 2003 1, 1

-di chl oro- 2, 4- h henyl)ethylene

1, 1- di br ono I%G-?Lrg}dg ﬁcﬂb Uiienyi yet hyl ene, 1, 1

-di chl or o- 2, 2- bi s(5- phenoxy- 4- hydr oxyphenyl ) et hyl ene,

4, 4 dihydr@nyagwaﬁghﬁﬂggﬁa S(4- hydr oxyphenyl) - 2- but anone,

1, 6- bi s(4- hydroxyphenyl ) - °ﬂ1 gﬁgﬁ%dlone et hyl ene gl ycol

bi s(4- hydr oxyphenyl ) et her, bIS(4 hydr oxyphenyl ) et her,

bi s( 4- hydroéy%‘ﬁgwf xyearbagole, bi s( 4- hydroxyphenyl)squOX| de,

bi s(4- hydr oxyphenyl ) sul fone, bis(3,5-di nethyl -4-hydroxyphenyl ) sul f one,

4,4-bis(4-hydroxyphenyl)heptane,

2
2
6
2
2
2

2, 2 -bis(4-hydroxyphenyl)hexane,

and other halogenate_d ‘or alkylated deri;fatives. it is also possible to use
mixtures of mono- and/or bischloroformates of the desired bisphenoi or mono-
and/or bischloroformate oligomeric carbonate mixtures of the desired
bisphenol. 2,2- bis(4-hydroxyphenyl)propane {or bisphenol A} is the
preferable bisphenol. The corresponding derivates of the dipheno!s' may also
be used.

Suitable polyfunctional compounds used in the polymerization of branched
polycarbonate include, but are not limited to,

1,1,1-tris(4-hydroxyphenyl)ethane,
4-[4-[1 ,1-bis(4-hydroxyphenyl)—ethyl]-dimethylbennzyl],
trimellitic anhydride,

trimeliitic acid , or their acid chioride derivatives.
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9, 9-bis(4-hydroxyphenyl)fluorene, 2,7-dihydroxypyrene,

6, 6' -di hydroxy-3, 3,3 ,3 -tetranet hyl spiro(bis)indane ("spirobiindane

bi sphenol "), 3, 3-bis(4-hyd roxyphenyl )phthal ide, 30 September 2003

2, 6-di hydr oxydi benzo- p-di oxin, 2, 6-di hydroxythi anthrene, 2, 7-di

hydr oxyphenoxat hi in, 45 30 Septenber 2003

2, 7-di hydr oxy-9, 10- net hyi phenazi ne, 3, 6-di hydr oxydi benzofuran, 3, 6-di hyd
roxydi benzot hi ophe ne, 2, 7-dihyd roxycarbazol e,

4, - b (- ISulebiosoartavfeatier icarsull dérfohsél gRANGAYNexane,  and

ot.her hal og?%edl or %kall ated derivatives.

m xtures o 0O, I Palymerzaticst of melyesterfcarbenates inGad BB otO
nono- and/ dmitadggh! or of ormat e ol i goneric carbonate m xtures of the desired
bi sphenol . 2, 2- bi s(4-hydroxyphenyl ) propane (or bisphenol A) is the :
preferabl e bj sphenol. The correspondi ng derivates of the diphenols may al so
be used. Sdikoaﬁe%aﬁﬁ)d@ﬁd?mwﬁoaaid,corrpounds used in the polynerization of

br anched
1,12- dodecane dicarboxylic acid,

terephthalic acid,
isophthalic acid,

terephthaloy! dichiaride, and isophthaloyl dichloride.

The polycarbonate synthesis may be conducted in the presence of a
catalyst, for example a tertiary amine and/or a phase transfer catalyst, such
as a tetraa!kylammor_lium salt. Suitable tertiary amine catalysts include, but
are not limited to triethylamine, tripro;iylamine, and tributylamine. Phase
transfer catalysts include but are not limited to tetrabutylammonium bromide
and methyl tributylammonium bromide. The amine catalyst level may be in
the range of from about 0.25 to about 10 mole percent based on dihydroxy
compound. The phase transfer catalyst may be in the range of zero to about
2 mole percent based on the dihydroxy compound. The catalyst mixture may
be charged to the reactor prior to addition of the carbonyl halide addition or

may be programmed into the batch or continuous polymerization reactor
during addition of the carbonyl halide.

EXAMPLES
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pol ycar bonate include, but are not Iimted to,
1,1,1-tris(4-hydroxyphenyl)ethane,

4-[4-[1, 1- bi s(4-hydr oxyphenyl ) - et hyl ] - di et hyl bennzyl ], 30t$epienbend0o3
anhydride, trineliitic acid , or their acid chloride derivatives, 46 30
Sept enber 2003 Suitabl e dicarboxylic acids or dicarboxylic dichlorides

whi ch may be used with bisphenols in the polynerization of polyester
carbonates include, but are not limted to, 1,10-decane dicarboxylic acid,

1, 12- dodecane dicarboxylic acid, terephthalic acid, isophthalic acid,
t erepht hal oyl dichloride, and isophthal oyl dichloride. The pol ycarbonate

synt hesi s nay be ted in th resence of a catalyst, for exanple a
tertiary amne angﬁgsggovﬂﬁgseéampjﬁgﬁ@S%fafpmetprosidehhoee ofordina ski%in[
u

t et raal kyl anthani umrSaint | - i m ne catal ysts i ncl ude,
are not limited to triet %?ﬁ%%néﬁigf@c@;ﬁ{o%rogéé\@f}ﬁ FAMPREPNE of Biattor ad ne. Phase

A A
| ge' of Prom abuii . DYCRIgrs frgardias Whsie imentient ERSAY Hive
Sg?{,d[ oxy boda?mumue Toeinehas CadclAity! Wittt F8adt! 1™ RurBers” (¢ 5° ra?n%%%tg,f
_ 4 mperature, etc.) but some errors and deviations should be accounted for.
Unless indicated otherwise, parts are by weight, temperature is i.n °¢.

EXAMPLE 1

A tubular reactor was constructed of 0.25 inch (6.35x 10°m) outer diameter 316 stainless

steel tubing and SWAGELOK® ﬁﬁingé, manufactured by Swagelok Company
: and was packed with static mixing elements. The overall length of the reactoui

| was 16.5 inches (9.42 m)_. .The_e reactor was insulated with woven fabric insu!éting
material. The reactor was fed from two feedstreams: a solution of phosgene
and p-Cumyl Phenol (PCP) in methylene chioride, and NaOH/water. Each
-feed sofution was pumped independently to the reactor via a pre-cooling coil
Immersed in a water bath that was held at 4 °C. The details of the reaction
are shown in the table beiow. The product composition is reported as parts
by weight of the organic phase product. |

For example
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2 nmol e percent based on the di hydroxy conpound. The catal yst m xture may

be charged to the reactor prior to addition of the carbonyl halide addition
or may be programmed into the batch or continuous pol yRd8rSepédnnbman 208act or
during addition of the carbonyl halide. EXAMPLES 47 30 Septenber 2003 The
foll owi ng exanples are set forth to provide those of ordinary skill in the
"art, with a conplete description of how the conpositions of matter and

met hods cl ai ned herein are nade and eval uated, and are not intended to
limt.the scope of what the inventors regard as their invention. Efforts
have been nade to insure accuracy with respect to nunbers (e.g., anounts,
t enper at ug,ge t er s and devi ati ons should be accounted for.
Unl ess i ngﬁéaﬁggﬂpﬁwggﬁ(‘ﬁ%égé'*%@%*%D&Q) tenperature is in C
EXAMPLE | A tubul ar reactor.was constructed of 0.25 inch (6.35 x 10'3 m
outer diameter 316 stainless steel tubing and SWAGELOXK fittings,

manuf act ured by Swagel ok Conpany, and was packed with static m xing

el enents. The overall length of the reactor was. 16.5 inches (0.42 m. The
reactor was insulated with woven fabric insulating material. The reactor
was fed fromtwo feedstreans: a solution of phosgene and p-Cunyl Phenol
(PCP) in methylene chloride, and NaOH water. Each feed solution was punped
i ndependently to the reactor via a pre-cooling coil imrersed in a water

bat h t hat waé held at 4 C. The details of the reaction
Feed (1): 4.5 gm/min p-cumyl phenot

- 92.1 gm/min methylene chioride
4.2 gm/min COCl,

Feed (2): 25 wt% NaOH Solution

Expt mole  NaOH/mole Product DAC Product

PCP PCP
(ppm)
(Wt%)
A 10 633 0.46-3.32
B 1.2 421 0.248
C 15 336 0.228 -
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. onposition is reported as parts
are shown in the table bel ow The glrjgsluc}:o? ggarrpl e 48 30 September 2003
by wei ght of the organic phase pro DA 4 5 ani i p-30Fapterpbar2®03 Feed
Wt V6 PEP=100( wt PCP)%WIt ngzm orPngJerWt Feed)(Zj : 4g2 gmMmn COCl2 25 wt % NaCH
: 92.1 gnm min nethylen o 0
(Sél) ut iggn rrgl e NaOH noi e Product DAC Product Expt PCP(ppn) PCP (wt %
Al. 0, 6330. 46- 3. 32 Bl1. 24210. 248 Cl1.53360. 228 49
~ The balance of the aromatic product of these reactions was p-cumyl phenyl
chloroformate, the desired product. These results show that very low levels
of DAC and essentially complete PCP conversion are achieved with the

process of this invention.
Example 2.

A tubular reactor was constructed‘as in example 1 excépt that it comprised
two 7 inch (0.18 m) sections that contained mixing elements foliowed by a 50 foot {(15.2m)

section of unpacked tubing. The entire reactor was insulated with woven
fabric. This reactor was fed with feeds 1 and 2 as shown below. The feeds
were cooled to 4 °C prior to being introduced into the reactor. The reaction

was sampled after the first and second 7 inch (0.18 m) mixing secfion and after the 50 foot
(15.2 m) unpacked section.

Feed (1): 4.5 gm/min p-cumyi phenol
92.1 gm/min methylene chloride

4.2 gm/min COCI,

Feed (2): 25 wt% NaOH Solution (1.5 mole NaOH/mdle PCP)
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30 Septenber 2003 The bal ance of the aromatic product of these reactions
was p-cunyl phenyl chloroformate, the desired product. These results show
that very low levels of DAC and essentially conplete PSP IapiRebei2oR3ar e
achieved with the process of this invention. Exanple 2. A tubul ar reactor
was constructed as in exanple | except that it conprised two 7 inch (0.18
M sections that contained mxing elenments followed by a 50 foot (15.2 m
section of _unpacked tubing. The entire reactor was insulated with woven

fabric. ThiTher st cRmpasiiomiis rstfaver delovand TReabalthesof e rolfic! oeds
wer e cool egrc}c@lcflwg ﬁﬂ:ﬁﬁl L§h§6i ng. i an roduced into the reactor. Peacti on
was sanpl etl after eheCTnY Y chlargiogmats. nch (0.18 m) nmixing section and
after the 50 foot (15.2 n) unpacked section. Feed (1): 4.5 gmmn p-cunyl

phenol 92Sampid Roimtnet hyl ene Gﬁ'ﬁrﬁr[j;‘? "4,2 gl m mé Feed (2): 25 wt %
NaOH Sol ution (1.5 nole NaOH nole PCP) 50 30 Septe 92 83 The product

conmposi ti oax 0518Srﬂfvm bel ow. The bal ance of the aromatic product was
p- cunyl phenilr chi or of or mat e. §é’r9p| e Poi nt ppm DACW §o7PCP 7" (0. 18 m) 4300. 7

14” (0.36 m) - 410 1.2

14"+50 Feet (15.6 m) - 430 0.6

This example shows that the product is not further converted to DAC upon
- additional residence time in the tubular reactor or in downstream piping.

Example 3.

Example 2 was repeated with 5 ppm triethylamine in the methylene chioride
feed solution. The results are given in the table below.

Sa_mp!e Point ppm DAC wit% PCP
77(0.18 m) 530 0.7

147 (0.36 m) - 0.6
14"+50 Feet (15.6 m) 600 0.5

This shows that the reaction product is sensitive to the presence of low levels
of triethylamine.
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14" (0.36 m410-1.2 14"+50 Feet (15.6 m4300.6 This exanple shows that the
product is not further converted to DAC upon additional residence tine in
the tubul ar reactor or in downstream pi pi ng. Exanpl e 3. 3B&apkrebd 2048
repeated with 5 ppmtriethylamne in the nethylene chloride feed solution.
.The results are given in the table bel ow. Sanple Point ppm DACM % PCP 7"
(0.18 m5300.7 14" (0.36 M-0.6 14"+50 Feet (15.6 m 6000.5 This shows t hat
the reaction product is sensitive to the presence of |ow |levels of
triethylam ne. 51 30 Septenber 2003 Exanple 4. Exanple 2 was repeated using
only the two packed sections and with the follow ng feed conposition. The

precool i ng th teqferature was adjusted to values between 20 and 35 C
The product E_S@f%?lgl ion was neasured at the end of the second m xing zone.

Feed (1): 4.5 gnmmn p-cunyl phenol 92.1 gnm mn nmethylene chloride 5.2
gm mn COCl2

Example 2 was repeated using only the two packed sections and with the
following feed composition. The precooling bath temperature was adjusted to
values between 20 and 35 °C. The product composition was measured at the
end of the second mixing zone.

Feed (1. 4.5 gm/min p-cumyl phenol
92.1 gm/min methylene chloride

5.2 gm/min COCI,

Feed (2): 24 wt% NaOH Solution (1.5 mole NaOMH/mole PCP)

Bath Temp C ppm DAC wt% PCP
20 . 325 0.7
25 a0 0.5
30 460 | 0.8
35 470 0.6

This example shows that the reaction may be run over a wide range of
temperature without introducing high levels of DAC in the product.
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Feed (2): 24 wt % NaOH Sol ution (1.55 nole NaOH/ nole PCP) Bath Tenp C ppm
DAC wt % PCP 203250. 7 254200.5 304600.8 35 .4700.6 This exanpl e shows that
the reaction may be run over a wide range of tenperaturd Sgptérober 2003

i ntroduci ng high I evels of DAC in the product. 52 30 Septenber 2003

EXAMPLES ( POLYCARBONATE) The follow ng exanples relate to the preparation
of a pofycarbonate by a batch interfacial polynerization process coupled
with the continuous process for the preparation of MAC, used as an
endcappi ng agent. Exanples 5-10 A chloroformate synthesis reactor was
constructed of TEFLON |lined pipe and packed with static m xing -el enents.

XARPLIES i nSi di t by 5 feet (1.52
The reactog LJESTP@LQ&I?BGQ%QQQ M i nside i ame era ysol ut(:a?on(4 > (r)z

in length. The reactor was three feedstreans:

p- cunyl phenol (PCP) in nethylene chloride, phosgene gas, and a 25 wt%
solution of NaOH in water. The PCP sol ution was punped through a heat
exchanger to the cool it to the desired feed tenperature before sending it

to the chl orof HERY esis reactor. An agitated polycarbonate synthesis
reactor was eqﬁtl: ppegoﬁ'}lﬁgﬁwgﬁ relate to the preparation of a polycarbonate by

a batch interfacial polymerization process coupled with the continuous
process for the preparation of MAC, used as an endcapping agent.

Examples 5-10

A chioroformate synthesis reactor was constructed of TEFLON lined pibe
| and packed with static mixing elements. The reactor was 1 inch (25.4 x 10°m) inside
diameter by 5 feet (1.52 m) in length. The reactor was fed with three feedstreams: a
solution 4 wt % p-cumylphenol (PCP) in methylene chioride, phosgene gas,
and a 25 wt% solution of NaOH in water. The PCP solution was pumped
through a heat exchanger to the cool it to the desired feed temperature before
sending it to the chioroformate synthesis reactor.

An agitgted polycarbonate synthesis reactor was equipped with inlets
to charge phosgene and NaOH, a pH probe to measure and control the pH of
the reaction, and a reflux condenser, This reactor was bharged with BPA
(200 pounds (90.7 kg)), water (56 galions (212 x 10° mi)), methylene chloride (93 galions (352 x 10°
ml)) and triethlyamine (450 ml). Phosgene (250 pounds/hour (113.4 kg/hour)) was added to the
polycarbonate synthesis reactor and an aqueous caustic solution (50 wt%
_NaOH) was added to maintain a pH of 9-11. While maintaining the phosgene
and NaO‘H flows to the polycarbonate reactor, the MAC synthesis reactor was
flushed with methylene chloride into the polycarbonate reactor. Phosgene
and NaOH/water where then added to the methylene chioride flush at
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to charge phosgene and NaOH, a pH probe to neasure and control the pH of
the reaction, and a reflux condenser. This reactor was charged with BPA
(200 pounds (90.7 kg)), water (56 gallons (212 x 103 ni )30 Septemberside3
chloride (93 gallons (352 x 103 m)) and triethlyam ne (450 m ). Phosgene
(250 pounds/hour (113.4 kgMour)) was added to the polycarbonate synthesis
reactor and an aqueous caustic solution (50 wt% NaOH) was added to '
maintain a pH of 9-11. While maintaining the phosgene and NaCOH flows to

t he pol ycar bpredetersiaedorates hteddiBedy it BeSitSpike | ushed w th
net hyl ene chlagri de into, the pol ycarbonate régtlgt g%'bWPh\c@Seén@e ﬁﬂﬂsl\&dﬁﬁ/\ater

wher e t hen .aR0839%% eRd Weiter warerestablishesh the mathiferse BhiRRRE &Qﬁ?’
det ' [ ' . tab I After the flows of the
hosgene and  EEaepet 8RE BES0Ie SRRt £ wl e BER(N brathyRnerahinride (257 - was

st opped and #0¥8¢$ €d7g))wdspunyfeddo e %l&’n@%rﬁn@te’%mélgﬁgg? er\@i{. ?e (S\InS'?I
r or while

pounds (117 llﬁ%lf?t was ptﬁlrrpiﬁl&to t he chl orof ormate ’syn

mai nt ai ni ng REGNE sggeey aade NaQliwateo fidves dbl ﬂ'ﬁ@f(ﬂﬂﬁ@f&merte

synt hesi s 1 eg\githésis Aba€tor! kD8 oY nmet hyl ene chl ori de,

t he chl or of or mat eSISsynt hegi ﬁﬁgtboérmv\g@é ﬂtfgg%éd%r@/ﬁ%;’wtm%ﬁﬁtmr&m

chl ori de andhhshior@fgsmate psinibesis mnbtbh%mﬂﬂlﬁhé&erb?ieﬁyoaﬁﬁdmemﬁgpg
until.a | of

phosgene fl t | o.th ol ycar bonat e react or .

87, pounds%g. § %8? #/\H/agsjﬁggjﬁi 868§9g%¥?r@1qorw39ﬂ(wﬁer werepstoppsd.naTheai ned

at 9-11 by gutisgene fioiv WsYeditFdedd Ble shut off, fhe

met hyl ene chloride phase of the pol ycarB@'ﬁgfg@%ﬁggé;ﬁ%&vﬁ@ﬂﬁﬁ%ﬂe@f87i.'he.

resul ting pounds (39.5 kg) was achieved. During this time, the pH was maintained at 9-11 by
addition of 50 % NaOH. After the phosgene was shut off, the methylene
chloride phase of the polycarbonate reaction was sampled. The. resulting

polymer analyzed for di-p-cumylphenyicarbonate (a DAC) and the results are
reported below.

The following definitions are used in the table below.

Start Time = Time in minutes after the start of phosgenation when the MAC
reactor was started.

Feed Time = Time interval during which the 4 wt % PCP in methylene
chloride solution is fed to the chioroformate synthesis reactor.

wt% NaOH = The weight percent NaOH in water added to the MAC synthesis
reactor.

Rnaow = Mole of NaOH per mole of PCP fed to chioroformate synthesis
reactor :

Ros = Mole of phosgene per moie of PCP fed to chloroformate synthesis
reactor
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pol ymer anal yzed for di-p-cunyl phenyl carbonate (a DAC) and the results are
reported below. The following definitions are used in the table bel ow.
Start Time = Time in minutes after the start of phosgendCigaptetheer 2008 MAC
reactor was started. Feed Tinme = Tinme interval during which the 4 wt % PCP
in methylene chloride solution is fed to the chloroformate synthesis
reactor. wt % NaOH = The wei ght percent NaOH in water added to the MAC
synthesis reactor. NaOH = Mole of NaOH per nole of PCP fed to
chloroformate synthesis Treactor RFtwg = Ml e of phosgene per nole of PCP
fed to chloroformate synthesis reactor 54 30 Septenber 2003 EXStart Feed

Feed wt % %%tﬁm?%‘éﬁpnkéégﬂ' %)‘;%‘r‘apgﬁ@ 33;5520&@3. 5;.;;11 64545251. 52. 874

72555251.

time Time Temp DAC
5 4 7 55 20 1.5 3.5 174
6 4 5 45 25 1.5 2.8 74
7 2 5 55 25 1.5 2.8 82
8 2 7 55 30 15 3.5 102
9 4 5 55 30 1.5 28 75
10 2 5 55 0 0 0 2100

The above table shows that the polymer product DAC level is below about
200 ppm over a broad range of MAC synthesis reactor operating conditions.
For comparison, Example 10 shows that the polymer product DAC level was
significantly higher when neither phosgene nor caustic were added to the
chloroformate synthesis reactor. This represents the pglymer product DAC
level that occurs when PCP rather than p-cumyl phenyl chloroformate is
added to the polycarbonate synthesis reactor over an interval during
polycarbonate synthesis.

Example 11 (POLYCARBONATE)
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82755301. 53. 5102 94555301. 52. 875 1025550002100 The above tabl e shows that

t he pol yner product DAC | evel is bel ow about 200 ppm over a broad range of
MAC synt hesis reactor operating conditions. For conpari3®@eptdmlsan?00310
shows that the polynmer product DAC | evel was significantly higher when
nei t her phosgene nor caustic were added to the chloroformate synthesis
reactor. This represents the pQ yner product DAC |evel that occurs when
PCP rather than p-cunyl ﬁhenyl chloroformate is added to the pol ycarbonate

8

synt hesi s rdt® 6embinad ghioroformatel syhihésig rembv%ﬁbﬁél?ﬁf’bﬁ)ﬂgwﬁgb&es@(a"pl €
Synt hosi s r 438C0F ET8 SRR it Semincs | €O CAAREONATE) ol madics! 225 | n
e s MEG eal ot CersorERy batchas Wil 8 e MG il b ek o The

with the sane MAC endcap |l evel. The pro
wei ght (M, Progictnwaight average realeisulaatveight (E,) wersemessieldsed efaePfdaE t hat
e be

the nol ecul §ye W j istent, as shown in the tab ‘owW.
For this dat ﬁe\gg‘%@ urBfSeditd i, 30 mdlenr weloht was guita comsisient, ias onl.y
52 Mw unit sshawncih the tablepbet.e Rop thiRedyar sabithe t t & TRLS Gl Rl
wei ght neas ment . Wien.the conventi onal endéattig)éas:‘i{al a}rgng&f' 4} icgJSei S
nﬁcﬁ y LG
used, the T, W&)&?‘bfﬁ ORJY 2Mi inits, whicibisucomparatile tontHesvariability of
the m-olecn..ﬂar weight measurement. When the conventional endcap addition
technique is used, the molecular weight variability is about 150 Mw unhits.

Batch DAC ppm Mw

a 220 17,600
b 150 17,620
c 220 17,600
d 180 | 17,575
e 125 17,500

f 180 17,500

Comparative Example 1

Bussink et al (US Patent 4,864,011) report DAC levels for polycarbonate
polymerizations in which all the MAC was added at a single point in the
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Bat chDAC ppmMv a22017, 600 b15017, 620 c22017, 600 d18017,575 e12517, 500

f 18017, 500 Conparative Exanple 1 Bussink et al (US Patent 4,864,011) report
DAC | evel s for polycarbonate polynerizations in which &0ISeptembar@0@as
added at a single point in the 56 30 Septenber 2003 phosgenati on reaction.
The MAC (as phenyl chlorofornmate) endcap |evel for the reactions reported
by Bussink was 5.6 nole percent of the BPA repeat wunits. In the exanples
of this invention, substantially the sane nole percent (5.5) of MAC as

- | ph i I I th I
v cum, o prabogonatates IR NG e gt ARl Bl i T o

concentration of DAC between
i nvent i on. theheeastigas separted IbysBussinnwiasns Bagoke Fé&féri‘tiéfatﬁb' EPA: %\b%rgbm)' ar
evel 'r

! 11 B SR R S L e [OvEel TV ebor o
Total Phosgelipof MAT arsoplimyPARERD! ShiBRRGAhatths B2 CHHRo0R)E  React or)
: compares the molar concentration of DAC between the Bussink results and
the process of this invention. The process of this invention has a significantly
lower molar level of DAC in the polycarbonate product than the lowest level

reported by Bussink et al.

Process MAC Addition Interval Product DAC level

(% of Total Phosgene to micromole DAC/mole Repeat Unit
Polycarbonate Reactor)

Bussink et al 0 (single point) 388
“ 20 (single point) ' 157
“ 30 (single point) 128
“ 40 (single point) 139
This invention  10-40 Interval 42-124 (range of DAC levels ir

Exampies 10-11)

This invention has been described in detail with particular reference to
preferred embodiments thereof, but it will be understood that variations and
modifications can be effected within the spirit and scope of the invention.
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Bussink et atO (single point)388 20 (single point)157 Li30 (single
point)128 40 (single point)139 This Inventionl0-40 Interval 42-124 (range of
DAC level s it Exanples 10-11) This invention has been d&8c¥apieraber2088t ai
W th particular reference to preferred enbodinents thereof, but it will be
understood that variations and nodifications can be effected within the
spirit and scope of the invention. 57 30 Septenber 2003 WHAT IS CLAI MED: 1.

A conti nuous,,Rr, f e preparation of nonofunctional aromatic

hal of or mat e Wﬁgém&éﬁcture (V) 0 aCGx ,v). wherein n is an integer
froml to 5. and R represents hydrogen, a branched or unbranched al kyl
group having from 1.15 carbon atons, an aryl group which nmay be

substituted & unéduientinugus grocess\for thel prepatationmf ongnofismctionahgrorhatic '
substituted n Stitut [ an | al kyf group which may be
substituted @#bt’m@'@gﬁ“@@ﬁ&g@g? SZ'?\’(f&&ei’%resent S brom ne, fluorine, iodine or

chlorine; the nethod conprising the steps of

Q
Ry—2 V)

wherein n is an integer from 1 to 5, and R, represents hydrogen, a branched
or unbranched alkyl group having from 1+15 carbon atoms, an aryi group
which may be substituted or unsubstituted, a cycloaliphatic group which may
be substituted or unsubstituted, or an arylélkyl group which may be
Substituted or unsubstituted, and X represents bromine, fluorine, iodine or
chlorine; the methdd comprising the steps of |

a) introducing

1) an aqueous caustic solution;:

2) a carbonyl halide;

3) at least one monofunctional hydroxyaromatic compound; and

4)  atleastone inert organic solvent into a continuous reaction
system; and '

b)  effecting contact between 1), 2), 3) and 4) for a time and at
conditions sufficient to produce a MAH of structure (V).

2. A continuous process according to cf:laim 1 for the preparation of
monofunctional aromatic chlorofarmates (MAH) having the structure (I)

0
C-ci
(&’r{}' o 0
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a) introducing 1) an aqueous caustic solution;. 2) a carbonyl halide; 3)
at | east one nonofunctional hydroxyaromatic conpound; and 4) at |east one
inert organic solvent into a continuous reaction syster0 $griemyersd008ct i ng
contact between 1), 2), 3) and 4) for a time and at conditions sufficient
to produce a MAH of structure (V). 2. A continuous process according to

claim!| for tkwhereietheaarsonyhalid® mfdduesd W@érb@hgirﬁméﬁd&hl or of or mat es
(MAH) having the structure (1) 58 30 Septenber 2003 wherein the carbonyl

hal i de i ntroduced is car bon%/l chloride. 3. The nethod of claim 2],c wher ei n
four ot ages "3 Prrafinehol oriaiff 2, dhdoi 8 LoNinlSRE hot ik Settel T 'S 1
effected in atubuldrueactorémving frm\oneotodoer stages. S The nmethod of claim 2,

wherein the continuous reaction system contains |ess than 50 ppm of
triethylamne. 6. The nethod of claim2, wherein in the continuous reaction

system the ont a YRS ' | U1 ] carhonyl
chloride, t heg' mngpﬁﬁﬁ%tﬂgﬁgf%@%f%xyar o'ﬁaqﬁgc%bgﬁggﬁéhg%sH:éﬁ?ﬁg&mg
or gani ¢ sol vetubuiar reactod havind one stageabsence of or gano- phosphor ous
catal ysts. ,
S. The method of claim 2, wherein the continuous reaction system
contains less than 50 ppm of triethylamirne.

6. The method of claim 2, wherein inithe continuous reaction system, the
contact between the aqueous caustic solution, the carbony! chioride, the
monofurictional hydroxyaromatic compound and the inert organic solvent is
conducted in the absence of organo-pho?phorous catalysts.

7. The method of ¢laim 2, wherein the monofunctional hydroxy.aromatic
compound Is selected from the group mﬁsisﬁng of phenol, p-tert-butylphenol,
o-cresol, m-cresol, p-cresol, q-ethy!phencf.\l, p-ethyiphenoi, p-cumylphenaol,
chroman, p-octylphenol, p-nonylphenol, a-napthol, B-napthol and a mixture
thereof.

8. The method of claim 2, wherein the monofunctional hydroxyaromatic
compound is selected from the group consisting of phenol, t-butyl phenol, p-

cumyl phenoi, chroman, and a mixture thereof.

g, The method of claim 2 wherein the monofunctional hydroxyaromatic
. campound is p-cumyl phenol.

~10.  The method of claim 2, wherein th? continuous process is operated as
an on-demand process and is coupled to a batch polycarbonate synthesis.
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7. The nethod of claim2, wherein the nonofunctional hydroxyaromatic
conpound is selected fromthe group consisting of phenol,

p-tert-butyl phenol, o-cresol, mcresol, p-cresol, o-et 3@ JaRgober 2003

p- et hyl phenoi, p-cunyl phenol, chroman, p-octyl phenol, p-nonyl phenol, a
napt hol, Ji-napthol and a m xture thereof. 8. The nethod of claim 2,
wher ei n t he nibhof uhbeireethbdiof dlamd vevarsincthecesidencel time indhe coatindsigsn t he

group consi st} : - |, phenol - cumyl enol, chroman, and a
m xture ther e@&ngﬁ #Hﬁgﬂ%@%%‘égéﬂ% ® %BPB‘P'?HPQP 9&f unct i onal
hydr oxyaromati ¢ conpound is p-cunyl phenol:. 10. The nethod of claim 2.

wherein the continuous process is operated as an on-denmand process and is
coupl ed to a b&t chlpemathed of elaind, mtessinthe sesidencetimerib¢he 26Atnudus The

met hod of cl aj rein dhe | dence tine in the continuous reaction
systemis fr?r%g]ﬁ& “g@%&ﬁb? ff%“é%gi%gﬁﬁam%ﬁ PR $H8S- 12. The nethod of claim
3, wherein the residence tine in the continuous reaction systemis from

0.5 to 10 secgnds _Fer stage. 13. The nethod of claim4, wherein the
residence tinS-i n themedhed aticdaim 4 wherein the yesidendestirie in thec continuous30

seconds. 14. > O Lm 4 Ln the residence tinme in the
conti nuous r%gg?%%@gg}%n(ﬁ’gbﬁ%ﬁ%gﬁcﬂ@%econds. 15. The net hod of
claim2, wherein the carbonyl chloride and the
14.  The methaod of claim 4, wherein the residence time in the cortinuous
reaction system is from 0.5 to 10 seconds.

15, The method of claim 2, wherein the carbony! chioride and the
monofunctional hydroxyaromatic compound are introduced into the reaction
system at a first molar flow rate ratio of from 1.05:1 to 10:1; and the caustic
and the monofunctional hydroxyaromatic compound are introduced into the
reaction system at a second molar flow réte ratio of from 1.1:1" to 5:1 .

16.  The method of claim 2, wherein the weight of the monofunctional
hydroxyaromatic compound relative to the weight of inert organic soivent is
from 0.5:99.5 to 20:80.

17. The 'method of claim 2, wherein the strength of the aqueous caustic
solution is 10 to 50 weight percent,

18.  The method of claim 2, wherein the contents of the reaction system are
maintained at a temperature of below 60° C.

18, The method of claim 2, wherein the carbonyl chioride is phosgene.

20.  The method of claim 2, wherein the inert organic solvent is selected
from the group consisting of pentane, hexane, cyclohexane, heptane, toluene,
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nonof uncti onal hydroxyaromati c conpound are introduced into the reaction
systemat a first nolar flowrate ratio of from1.05:1 to 10:1; and the
caustic and the nmonofunctional hydroxyaronmatic conpound@Odieptemiterdfd0sed
into the reaction systemat a second nolar flowrate ratio of from1. 1:1
to 3:1. 16. The nmethod of claim2, wherein the weight of the nonofunctional
hydr oxyar onat X¥erengtormpenzeng. dichiotobenzene, njtroberizénes chiopsfosm ¢ sol vent i s
fromO0.5:99.5 ; . od.of claimz2, wherein the strength of
t he agueous c’é‘tﬁg?ﬁ%"égﬁﬂ‘a?b%ﬂf@%%gmebe%. ght percent. 18. The net hod of
claim2, wherein the contents of the reaction systemare naintained at a
tenperature of belogw 60 C. 19. The nethod of claim2, wherein the carbonyl
chloride is pHbsgehee method vhelaim 2hwireogin dhainerborganio soiventhis methylener gani c
solvent is se,‘Jh ; fromthe group consisting of pentane, hexane,

cycl ohexane, heptarie, toluene, 60 30 Septenber 2003 xyl ene, chl orobenzene,
di chl orobenzene, nitrobenzene, chloroform - nmethylene chloride, and

m xtures thergof.._.21. The thod of claim2, wherein the inert organic
solvent is yl e ll@épqqg&!_amyz, whereinstepsda)@ndo Jdne condubtedei n st eps a)
and b) are cgnﬁuﬁéﬁébusy'rmltaneously. 23. The nethod of claim2, wherein
the process is operated adi abatically.

23.  The method of claim 2, wherein the process is operated adiabatically.

24. A continuous process for the preparation of an MAH product having the

structure (I)
9,
N W
Rdg—x o

wherein n is an integer from 1 to 5, and R:1 represents hydrogen, a branchéd
or unbranched alkyl group having from 1 -15 carbon atoms, an aryl group
which may be substituted or unsubstituted, a cycloaliphatic group which may
be substituted or unsubstituted, or an aryl?lkyi group which may be
substituted or unsubstituted, the method comprising the steps of

a)  providing a reaction system ic:ornprising a reactor consisting
essentially of a tubular reactor and a means for conveying fluids
through the reactor; the tubular reactor having an input at the
upstream end and an outlet at the downstream end;

b) introducing into the tubular reactor at the input of the upstream
and a feed stream comprising an inert organic solvent and a

monofunctional hydroxyaromatic compound,;
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24. A continuous process for the preparation of an MAH product having the
structure (1) wherein nis an integer froml to 5 and R, represents
hydrogen, a branched or unbranched al kyl group havi ng BP&eptemiEredbdon
atons, an aryl group which may be substituted or unsubstituted, a

cycl oaliphatic group which may be substituted or unsubstituted, or an

aryl al kyl group wh) ch irdrodusingsiotssthettubeldr ozactersa babionyt ehloridée et hod
conprising the steps of a) providing a reaction system conprising a reactor
consisting essentially of a tubular reactor and a nmeans for conveying

fluids through the repsioRicirgiftd MBULBLlaF m&aram%?ﬁétmsaéh isfig\oltiont he

upstream end and anh outl et at "t he downstream end; I ntroducing 1nto the
tubul ar reactor at the input of the upstream and a feed stream conpri sing

an inert organic solven nd a of unct i,onal . hydr aronati c conmpound; 61
30 Septenbe? _20039) c)_?&?&mﬁq irhﬁf‘(’!e% ﬁﬁ%’épéﬁ &@5{%:@% car'bg_ﬁyl _
chloride; d) introduci ﬁﬁ“bm’%ﬁbﬂg't“ mmg%hghp@ngﬁﬁg?ﬁﬂé @qﬁghgc

solution; e) effecting contact en “t he .car bonyl
monof unct i onal hydr oxyeaustigtsoluticafoo atitneaperiechand gt conditionssufficient to ut i on

for a tinme period and ek | fficient to vyield the MAH product.
25. The nethod of cl mﬂ%’?ﬁlﬂa%ﬂék@}ﬁdﬁ e reaction system further conprises

25. The method of claim 24, wherein the reaction syétem further comprises
a first precooler, a second precooler, and a mixer that is coupled with the first
precooler, wherein the monofunctional hy&rcxyarornatic compound is
dissolved in the inert organic solvent and fed to the first precooler and upon
exiting the first precooler is fed to the mixer, and wherein the aqueous caustic
solution Is fed to the second precooler; the streams exiting the first and
second precooiers being fed to the tubular reactor. '

26. The method of claim 24, wherein the carbonyl chloride is introduced at
the upstream end of the tubular reactor.

27.  The method of claim 24, wherein the aquecus caustic solution Is
introduced at the upstream end of the tubular reactor.

28.  The method of claim 24, wherein thie carbonyl chloride is dissolved in
the feed stream that is introduced at the upstream end of the tubular reactor.

29.  The method of claim 24, wherein the carbonyl chloride is phosgene.

30.  The method of claim 24 wherein steps b) through ¢) are conducted
simultaneously. :
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a first precooler, a second precooler, and a m xer that is coupled with the
first precooler, wherein the nonofunctional hydroxyaromatic conpound is
di ssolved in the Inert organic solvent and fed to the fitk¥eRipBEYAWS and
upon exiting the first precooler is fed to the mxer, and wherein the
aqueous caust$f sghution Is fed to the second precool er, the streans

'St

exiting the f @ methed of claimcdsb whereinthe garbahyl ahlonidetafalther r eact or .
26. The neth ] ' carbonyl .chloride is introduced at
the upstr eamqglggagﬁcghgﬂtzh ﬁﬁ%’%@é’kgﬁmw.ﬂﬁe intLedusedinta the twbalar

wherei n the agactorat@dfirst molardlow | . ‘ end of
t he tubul ar rei_ggﬁor. 28, The mﬁﬁé?tﬁ:?\;ﬁ%w@ﬁgﬁg.?}%&;ﬂiéa#%%%:l

chloride is @ anetynctipralthydioxyarematic kamposnd are dstreduteat inid e

upstream end r . The neth of claim 24, wherein

t he carbonyl t%‘l‘%?&déealggé%8%%%&&'055%’9%@%?%882‘?%1-éi1nﬁ°23|$1vx,herei n steps
b) through e) are conducted sinultaneously: 62 30 Septenber. 2003 31. The
met hod of cl ghm 24, wherein the carbonyl chloride and the nonofunctional
hydr oxyar omatPc cdmeduathost f ¢laim 24 wbersimintherreactidnusyster, ¢he tontaat a

first I | . 05:1 to 10:1: d.th ti d
the monof uncerarey HepistalsiE Solin. e Grdorfictitiedrento the
tubul ar r eacmanofnctionat hydroxpamdticysrhgéend ahd %anewﬁg‘ﬁﬁic]s' s 1. 32

The nmet hod o L, ai,m,24 ereln in the reaction syste e cont act
EorfdfltSy in the absence of additional catalysts. ystem

33.  The method of claim 24, wherein the continuous reaction systsm
contains less than 50 ppm triethylamine.

34.  The method of claim 24, wherein in the reaction system, the ¢contact
between the aqueous caustic solution, the carbonyl chioride, the
monofunctional hydroxyaromatic compound and the inert organic sélvent is
conducted in the absence of organo-phosphorous catalysts.

_ 35.  The method of claim 24, wherein the process is operated adiabatically.

36.  The method of claim 24, wherein the process is operated in such a
manner that_the Reynolds number is from 200 to 100,000,

37. The method of claim 24, wherein the MAH product is paracumyl phenyl
chloroformate.

63



bet ween t he aqueous caustic solution, the carbonyl chloride, the

nonof uncti onal hydroxyaromatic conpound and the inert organic solvent is
conducted in the absence of additional catalysts. 33. TR@ Septdnazer@008| ai m
24, wherein the continuous reaction system contains |ess than 50 ppm
triethylamne. 34. The nmethod of claim24, wherein in the reaction system
the contact between the aqueous caustic solution, the carbonyl chloride,
t he nonofunctional hydroxyaronmatic conmpound and the inert organic sol vent
s conducted in the absence of organo-phosphorous catal ysts. 35: The

met hod of ¥-ai nThamethed of tlaim 87pfusthes compnsing thesstep df atratoveringa 36. The
met hod of | i 0. rocess, i's operated [n_such a nner t hat
t he ReynoIp&é%l%é%'ﬁ%%ﬁﬁ*%?ﬂwgwe%6.R%§$'Ip”?ﬁ£e f@%@'&% &l ai m 24,
wher ei n t lend\éHhprtabuiar réacterar acunyl phenyl chlorof ormate. 63 30 Sept ember

- 2003 38. The nmethod of claim3T, further conprising the step of recovering
a product stream conprising paracunyl phenyl chloroformate fromthe outl et

end of th@g-Ub%ﬂbd]%h@forsé?tenf‘cﬁﬂﬁﬁﬂg@ﬁareaCtOr system conprising: a) a

tubul ar reactor having an upStream e a downstream end and at | east
one input and at |east one output; b) means to Introduce carbonyl chloride,

aqueous .Ca”St ' %)S°! Y uBliar reactor having an upstream end and a downstream
end and at least one input and at least one output:

b) means to introduce carbonyl chloride, aqueous caustic soluﬁon,
_monofunctional hydroxyaromatic compound and inert organic
solvent to the reactor; the phosgene, aqueous caustic solution,
monofunctionat hydroxyaromatic compound and inert organic
solvent in the tubul_ar reactor comprising a reaction mixture;

c) means {o convey the reactior_fn mixture through the tubular
reactor, under turbulent flow conditions characterized by a
‘Reynolds number of 200 to 20,000.




monof uncti onal hydroxyaromati c conpound and inert organic solvent to the
reactor, the phosgene, aqueous caustic solution, nonofunctional

hydr oxyar omati ¢ conpound and inert organic solvent in BA&eptdmben20p2act or
conprising a reaction mxture; C) neans to convey the reaction m xture

t hrough the tubular reactor, under turbulent flow conditions characterized
by a -Reynol ds nunber of 200 to 20,000. 64 30 Septenber 2003 40. The system
of clai m 3¢40. whEresystan ef ¢lainydh wherein Hiedeegth tafiamster ralio Bablgast . 41. The
system of claim 39, wherein the length to dianeter ratio is at |east 20. 65

41.  The system of claim 39, wherein the length 1o diameter ratio is at least 20.
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