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(57} Abstract

A continuous process for the preparation of monofunctional aromatic haloformates (MAH) having structure (I} wherein n is an integer
from | to 5, and Ry 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 arylalkyt group which may be
substituted or unsubstituted, and X is F, Cl, Br or I the method comprising the steps of (a) introducing (1} an aquecus caustic salution; 2)
a carbonyl chioride; 3} at least one monofunctional hydroxyaromatic compound; and 4) at least one 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 MAH of structure (D).




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 38rSspégrhiger 2003

chl oroformates 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 ycarMETHAD AANBYARFARATYS FOR FREPAR NG hmo#entmﬂmpqlmzmﬁbﬁm R?/ﬁ?@'slct The
present invention further relates to a method of controlling t

variability of the nol ecul ar wei ght of polycarbonate 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 nonofunctional aromatic chlorofornmates into a. polynmer synthesis

provi des a HBEDE OP THERINVENTIEGN™I! ecul ar wei ght of the polynmer to be
formed. In general, the greater the quantity of endcappi ng agent

“introduced into a polyner 'synthesis, the |ower the nolecul ar wei ght of
t he pol yner product. Monofunctional aromatic chloroformates are

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.




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 @0septemizar2dOs(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, polycarbonate wth significant |evels of DAC requires |onger
nol di ng cycle tinmes conpared wth polycarbonate that is substantially free
of DAC. Further, because DAC can subline, a polycarbonate 'contai ning

di aryl carbonates can lead to undesirable effects, such as "plate our in
whi ch the DAC from previous nolding cycles condenses and deposits on the
nold and | eads to bl em shes in, subsequent noldings. The term "DAC' as
used herein is understood to include also di(alkyl phenyl carbonates) and
di (aryl phenyl’) carbonates. 2 30 Septenber 2003 I n naki ng nonofuncti onal
aromati c chlma D @ %Nh‘ sirable to m nimze production of
by- pr oduct DAC?kgﬁﬁg moufﬁigﬁgﬂrgl hécgﬁnnofunctional aromatic
chloroformate to be used in a subsequent polynerization reaction wthout
first being purified by such methods as distillation. In the foll ow ng
di scussion, the term"MAC' or "MACs" refers to a_ nonofunctional aronatic

ch orof ot e Corf i hudioh' 8 itnordRAShA, Sl el or 2 0" ™t e
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.




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) di0sSgpderebers2008t 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
to5 C The pHis naintained within a desired range by addition of an

aqueous causti gps 2 osgene.i s then depleted fromthe
pr oduct byniﬁr eagig‘#ﬁ%@ﬁ@ﬁé@ﬁ?@?@h%%ﬁ%&mqﬁfwm it n wodd H5e399, 657
i nvol ve | orgsirabtecto miimedze bsogiuctbh \ofiby- 0] 0] Q mnutes. U S
Patent 5,274 16f4 év\éttl [ g{g_pgt, al) di sct{yo‘grggugtabng&oghg%w%ﬁgﬁﬁpghlswhﬁryI

chl or of or maFRAOIHPSNal . aromatis, ehlofafermate Vot thephusartni i 5 sheseg@sgnce  of
or gani ¢ phepineLEicho TRLMRAS wi C requi.res | ong reaction tines,
and the addj tion of A cal a@ﬁsﬁltﬁgﬁgw’@s%ﬁ‘@ (PP&ﬁﬁ&cb%h%}é(ﬂhdﬂgﬁpdscaapounds,
necessi t at Sistiiatien, n mwoﬁr@di%ussimqnerteﬁﬁeM(p@vaéyﬂA{: o?fgrﬁe o Broduct.
3 30 Sept eigiodlibtl S oaent 4,804 OLL - (Bussi nic et 2 SIS a

met hod of ' preparation of o % ofrll r‘BfOHHﬂSftarm@dM tor a mi€urendedppi ng
agent . Acamrdjfng:ttomaBaﬁﬁﬁéthcﬁl&%fdm%té%oﬁi#cﬂﬁaspresent prior to phosgene
addition, or 1is added at a single point 1nthe batch polynerization

reaction to produce

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.




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 ¥ Sspiermhksi2088,
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 bi schl or of onygt epsint r4e?§4 P@Jp legﬁ%gﬁ\g gx_hg M Iﬂo\rﬂﬂ%@pas ne in a

bi phasi ¢ (organi c/aqueous a h proc not a
cont i nuouprgpareties ehandarenatist pob«aarbdriae witlki nMAC @ﬁﬂ@éppm@ ageht.

t I 23 686 I t t
of i hyar AECREng o BuBEAR. i gCr s Siftes pessandarior & shergeoe ackiiam, epar af | on
of pol ycaidedded &t agm@lrasmnhtﬂin thé Yeflch otfhbatation Pé?a%*cﬁf 't8§5+§§u§% any

met hod of form ng a formate term nate nmononer produ pt enber
2003 |t wely&aﬂmn?é@| Mam dowo [BAGe| opThispmroesss, whenaver} hbameevem be

duced
Panner 1 HlsBihhtagell | Aoblaer 16 AGEE. \PACRY' il SN metizalit isbsfien Fcr osa
wher eby tapemespmnmmmg thed (huttiefivatioh,’ %Mﬂ@”ﬁ‘lusﬂfﬁﬁ@e%ymﬁ%&ed""o“' d

permt di rec@?& f the MAC process to a batch or continuous
pol yrer i zBHH Fﬂ"gjc pEPftf‘GDId&“b’?fyaOfp@IQ}déatlh’ondﬁéQﬁlhﬂrmw' iqpoiokss.
tsﬁg h a digy et ﬂaéicﬁ%‘@!:é‘& REAGTRQURES AnPEdRSALI Y pRr BRI StdiagiOsd! avor d

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 termlnated
monomer product.



ri sks associated with maintaining an i nventory of MAC and phosgene-
containing materials associated with MAC production. An on-denmand process
for MAC synthesis would further provide a. significant 30sSepieber 2003bot h
phosgene exposure risks and cost of production conpared with 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

that may be coypl i th a _continuou or batch process for pol ycarbonate
synt hesi s, resgp‘gﬁﬁp%?geﬁr?ﬁ&f? ed’t?f‘?ﬁ Adyeress erew eCMAGs maydbee a
product’ h@mdl.ﬂ:édo‘dlr@é@ Cohelt theth éﬂ)q’gr %f{cﬁaﬁ?n uml(jl;ﬁ%%%f‘gak‘scont col

desirable to devel op a process in |ch e
of a pol y&@s@hatlé wauld becevem morei desirdtie italdevery B%ﬂtﬁuo@%*}lg‘%&
viation of

Mol ecul | | d by th dar d
the. ol cifBrébl SEMASS LolPhE prhalEed dhean ”gaé:peménﬁé‘&m"i‘émm.@m
control , ivoeld penmt adirett cm@wgrdfethbl MAC g{ robBdE éawﬂoﬁp coB 'B'?'a@%t 'y

pol ycar bonalt E_éi_ro uced in a reaction or serres o
rel ated ZAYPN ProGass, P@ﬂmﬂwa\mlmbmaemnmes@/pkmlsarsw ght

el ght. 1 ne TR Feoled BrBOLd W 6o Hrsitabie Beruiee fowonll vakatane: ghi -
vi scosi t yrisks assnelateﬂv wittngmairitainirly G| iheEhBry MUAC2IZhd! PRoEBLRSY! ar

wei ght. Sit
hght vi c?onCiaferg matersa!s associated with MAC production.

An on-demand process for MAC synthesus 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



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 ycadeepderabeér20Bt 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

i der i i.ng di scl ded clains. | first
aopect . thd MU pstidr ost dBSIrBBY dondevRES S rivocesSt tauinmg “Sadiser at i on
of nonof ungtoswssingiraestd srotiucelthe MACsIHAL ABY Bef %m%sm.aemahgg

agents in poI¥Per synthesi s having the structlUre. erein ni1s an
i nteger fr8m Paleh spragessr for e polysarhanatedrsygthesiss trespettvely ofwithdutanched

Subst i fut of U of B ALY E2breill T FiouER  ReviparionnBar Raftenlaa ™
substi t ut egood quabtybsti tuted, or an arylal kyl group which may be
substituted or unsubstituted, and X represents brom ne, fluorine, iodine or
chlorine; the nethod conprising the steps of a) introducing 1) an aqueous
caustic solution; 2) a carbonyl halide;
_ It would also be desirable to develop a process in which excellent molecular

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



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 30)Sdpdemberta008 and
at conditions sufficient to produce a MAH of structure (V). In one

enbodi ment, the invention relates to a continuous process for the
preparation of nonofunctional aromatic chloroformates (MAC) having the
structure (1) wherein the carbonyl halide introduced is carbonyl chloride.

I n anot her erFpad; ach [ AR es.t.o a continuous process for
the preparati ogd%mg?\re&ﬂégr@%ﬁﬁcbﬁ%\? ?ﬁ}g'&m fOfE’l“f"ﬁEF{']ﬁc@W?,a%aﬂE@mdmﬂ
above, conpriciBim$.t he steps of a) providing a reaction system conprising a
reactor consisting essentially of a tubular reactor and a neans for
conveying fluids through the reactor; the tubular reactor having an input
at the wupstreamend and an outlet at the downstream end; . b) introducing
into the tubular reactor at the input of the upstream end a feed stream
conprising an inert organic solvent and a nonofunctional hydroxyaronmatic
conpound; c¢) introducing into the tubular reactor a carbonyl chloride; d)

i ntroduci ng i ntp bhfrst WRPEAT theaNiPlion R4S CBHRTUOEs SHbEEdsORr the30

Sept enber 2003 . , .
preparation of monofunctional aromatic haloformate suitable for use as endcapping

agents in polymer synthesis having the structure (V)

.
7\ £
(R_‘if' Q—O (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 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



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 ct¥uRartemberad§Bher
enbodi nent, the invention relates to a tubular reactor system conprising
a) a tubul ar reactor having an upstream end and a downstream end and at

| east one i fipatieastiont inertotgapiessharitubio @%oﬁﬁ%ﬁs%Q%?mgfﬁig%h%%r bony|
c

chl ori de, aqueous caustic solution, rnonofunctional

conmpound and inert organic solvent to the reactor; the, phosgene, aqueous
caustic solution, nmonofunctional hydroxyaromatic conpound and inert
organic solvent in the tubular reactor conprising a reaction mxture ; c)

means to cobyeffet coOntidt ! Khe 0 t uhul ar reactor, under
Y Zouedd Hr2) SPHAE b

turbul ent flow.conditions characte e ardat eanditions o
(higisqt

20, 000. 8 39 ABEduspaMARef strigkiei(dh further relates to MAC prepared
by the aforenentioned nethods, reaction systens utilizing the nmethod

coupl ed with pdhywer babadiment) chy MTRVdntiah ir8RLSY S i pol ycar bonat es
pr oduced eﬁgpg&% VA SHE. .ln a second asgtee%tt?) ?@np'ﬂj\}%ﬁtﬁ%ﬁeﬁ%ﬁégﬁ% to a
the preparation of polyESIHEh Atangicshloceforates (MAC Lhaving e fsaastate (1)

pol yneri zati on process coupled wth tt@ conti nuous process for the
preparation of MAC products, and a

=l
(Rl n O_o (D

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




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 nmethod of preparing a polycarbonate conprising d0Hepterebsr 2003a)
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, activating a reaction systemthat produces nonofunctional
aromatic chloroformates (MAC) and introducing the MAC to the vessel within
the interval of O_to about 90 % of the total carbonyl halide addition to

the vessel ; 3effesting. seatack dustwanor the roarbBy!r ehloriden tﬁﬁsﬁﬁiﬁdfén&%ked

||very of

with the ve r rovi ded for
ﬁ?t%@@?%t@%ﬁggge e ﬁ%"%%eﬁ@ﬁlﬂlc fs@iutiosr forclaatiase t 0 a

fromthe rea
met hod of coperiodl Bndgtidoaditions abfficidnt t@fyield the  MAH product.

In another embodiment, the invention relates to a tubular 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; the phosgene, aqueous 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 charactenzed by a Reynolds number of 200 to
20,000.




t he nol ecul ar wei ght by repeating the process for the nunber of desired
batches, with substantially the sane anount of carbonyl halide, caustic and
MAC and inert organic solvent. In a further enbodi nent, 30reptemtan2008
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 th&hecingentictofiirihenirfQ tign mxture while maintaining

the pH of tt}E reaction m'xture_be‘%g\;\g)e?\w%%c#ur?aﬁ'[gﬁéyéﬁ%lﬁfo@lf;‘e@)mﬁﬂthi n an

i nter val, HieBedSetaacion systepwutiongothe mbthodotelipiear R T addi tion
: . , P ol¥m Tate .

to the Veﬁé%erfﬁatﬁbﬁ%gét'& a 83’?‘?@9} on s%%sftéemthat roduce nor tMct i onal

aromati c chl’orof or mat &s ?M&f‘ Gabe giPreducad bythese sydtemgessel within

the interval of 0 to about 90 % of the total carbonyl halide addition to

t he 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 reacj mto the vessel. The invention further relates to a
met hod of cont Edo%qlsﬁé&ﬁﬁ«.ﬁ?ﬁ?éa@ﬁ M¥engon raldtesoteeallthe prepaestrit bpg t he

process fpolytéarbonatebprodoétsdas : i th supstantially the sane
anount ofwﬁﬁ\rtggn&lm hg;bi de,S c?ugtgfiégb @%@Jﬁﬁﬁpcﬁk@ﬂz@ﬁ@tﬂrmmmmE

DRAW NGS tinuous 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



FIGURE 1 is a schematic diagram of one enbodi nent of the invention to
produce MAC by a continuous process. FIGURE 2 is a schenmatic di agram of one
enbodi ment of the invention to produce polycarbonate, i3 Sénterhber 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

i nvention and the iAcl uded therei.n. Before the present nethod and
appar atus are di sﬁseg égﬁndié]g%%%ﬂno%?emt's FRuplgddttunder st ood that this
invention is not thenwessd{tandwhsHd h@an%h?é%ﬁgé@%}pds or to particular

formul ati ons, as a ch ngﬁ of course, vary IS al so to be understood
that the terninol ‘%9’61515 theMAG, froen ther redstiopsysteseto of descri bi ng

particul ar enbodigmanjessanl Y and is not intended to be limting. In this

specification and in the clains which follow, reference will be nade to a
nunber of terns which shall be defined to have the followi ng neaning. The
singular forns "a", "an" and "the" include plural referents unless the

context clearly dictates otherwise. "Optional” or "optionally" nmean that
the subsequently gesel) r. ci.rcunmstance nay or may not occur, and
that the descript! Onﬁ{\!g@flgr&gﬁﬁér relates to a method of controlling the variability of
the molecular weight by repeating the process for the number of desired
batches, with substantially the same amount of carbonyl 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 vessel; where the MAC reaction system is coupled with the
10



i nstances where said event or circunstance occurs and instances where it
does not. "Mdlar flowrate" is in noles per mnute, unless otherw se
stated. 12 30 Septenber 2003 "M xture average tenper at uld€"Septerdkesri208d 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 i s vesskie apgf t cified.time interval. An on-demand
process produces us‘aqlr)llére@gl?eo uéc:%??rﬁc}rgﬁvﬁﬁg t?&n@%quw C?Hsth?t MAG dram ther ough
the tine iteagtignggygtemdothe vessel- demand process may al so ' be operat ed
continuously over an indefinite tinme interval, in order, for exanple, to
feed a continuous polycarbonate synthesis process with MAC endcap. A
"rmonof uncti onal hydroxyaromati c" species, as contenpl ated herein, contains
a single hydroxyl group or hydroxyl radical. In a MAC, this hydroxyl

radi cal is repl #bedventibndurthepretbtestdlLmaie - ol tbonate” as
used herei hgirncl udes copol ycarbonates, hono o?‘}‘gg'?%%‘ﬁ'iﬂ%&&ﬂﬁaﬁfyo?

(co) pol yes g’%&%{t Q%ﬂ:; "Iglsmﬁs Pf@ﬁﬁ&afppithghmgabei‘ ofidsiréd BatsHeRPPi NY
agent" ar ewith @dbstaitigl NGRAR " L .reactor receives an
initial charge of mat eyr:i al’s, afa%‘ne?!ﬁ't 0?%%"0&% halliae, Cauistic and MAC.

' 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



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 ci#0 Sapigiokars2003he
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

descr e, Lo ot al Arefpiesendieh ot Bherd BB RoRILR) Mpebiaric o

aspect, this invention €oncerns a cortinuous p

MA|C endgappi Hie algliawing, sistailed rdqr;mﬁpﬁem eﬁmhéﬁpfeferré@ ePBbHINeNt8" of Nthe

pol ycar bonat i | n.angt her  a t, this invention concerns a
process for ﬁh%?@%@gﬁ\gr&aﬁﬁﬁﬁf%ﬁ%g&@@@ in which a process for
produci ng hydroxyaromatic hal of ormate endcappi ng agents is coupled with a
reaction systemfor produci ng pol ycarbonate product. |I. Continuous Process
for the Production of MACs As nentioned, in a first aspect, the invention

concerns the prepgr?ti O;lg of MAC products by an continuous process. The MAC
products are suit aff¥® 488 iR fpetgantand nappasatusmeares \disdiesed . and

"Reacti on sydéséribediidis {o Ba ' - ; ion Ic{S of t )
specification refer to the cgjrlrﬁerrlfjtgégqﬁgfrjg)ﬂéé;s' ’Pnt'ﬁé" rj'BHFﬁ(FFQ)ﬁpﬁﬁlﬁ%Cs
sui tabl e f orSysiemigmateds pr t padieatas, 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.

[n this specification 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



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

nonof uncti onal hydroxyaromati c conpound feed, a precursd@d Sapidrhiseri803
product, nmay be reacted away as it is fed to the reactor in order to
maintain the concentration of the nonofunctional hydroxyaromatic conpound
at alow level. Inthis way, it is possible to mnimze the DAC fornmation
reaction between the nonofuncti onal hydroxyaronatic conpound and the MAC

product. |n cony ' he con nuous process of this
i nvention, all M%&tﬁrﬁeé?r%'%ggunﬁ&g% ﬂﬁdpﬁ Vel Gethec terpReysbine thatfad to a
single i npaumxture af tplmg)rfrhove rconebitdd teiapis %@ﬁleﬁrﬁ§céts ngﬁihbﬁuﬁn%@gﬁ

t hr ough thg gatg t.he npnofunctional hydroxyaro I'C CO

di sappear s2Hi§07 %8?"‘3)'”0"? H&-» Willtne dnputor leas ,rheah.cr eases. 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, the production rate of DAC woul d be rapid and that the
reactor prpdyct would contain a hig concentration of DAC. It was
unexpect ed@'ﬂ'/ PRyERmand Roeess, t%dﬂbﬂdwhereﬁb renablesaprodactidn Bithd Reduider oduct

of the CO'ErhGH;‘i’c”éf ypically in the range of
about 300-600 m%g?tega%@?ggm%%:b@ t%’?%f'ﬁ?w@L RB OWﬂ@"ﬁéﬂgmpCess ®AC in
the produddie be elmq):aﬁercmbasﬂagcuﬁemmm@mtew aAR" 85 Sefhard" ,5@}5! ng MACs
that is dlprrgg éey coulﬁl ed to aﬁg %car bonat e synt hesi s
uces usabie 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 continuous

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



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 convéPtegtandbavi@e03onl y
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 ti A0 thew h process.to. proguce MACs are in the range of
about 30 mi gﬁ%('arg'&tyoégot?%aﬁu&eggﬁrghSm?eterg'f?og?ﬁtﬁ’én?”@f semi-batat eare used

i nvent i on, ursterahangtuablyl thiougRaat B rebh6s th%aéﬁécﬁﬁbf%n hydr oxyar omati c
conpound to chloroformate was conpl ete in about to'5 seconds. In batch
reaction systenms to produce MACs, it is inportant to maintain relatively
| ow tenperatures in order to avoid high | evels.of DAC formation, for

I nstance, tenperatures in the range of below about 10 to 15. C it was

e oo S AR B i "

reactor systemof the invention even

adi abat i cal Fipclasdres ebihese publicatiomvarethierebyiindargotztem o abrurené ittbhis
solvent. In : dj L n l,ch, the sol vent is nethylene chloride,
the conti nuéﬁg‘%@ﬁgﬁi e&ﬂs&%f‘é‘?ﬁe Y dascabe 4’ﬁe5t83ﬁ of Alge testnbe vehiah dhisf t he
sol vent, abimventién p€rtalms| € producing MAC with |ow | evel s of DAC.

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



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 havidipaptenberatiBa (1) :
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 group which may be substituted or unsubstituted. Endcapping
agents produced by the nethod of the present invention include, but are
not limted to, phenyl chloroformate, t-butyl phenyl chl orofornate,

p-cunyl chl or of fif isei-batdh QrosessdisOfd HeTgredudtivy lof PRIATY | proluckOe Phenyl
chloroformate, or a mxture thereof; nore preferably phenyl chloroformate,
p-cunyl chmenefidictignal hydroxyasomatice componpd; faads A Rseeurser dpethebMAG- cuny |
phenyl chl o ft er el ferred to as
VG, The prodcngy bR BRI andl o8 A 1 el fo tid rclidor BEGAEH 16 RER
system cother concentratioe of dhe mmonafanetional imydioxyarsratie eoafninddatgdow i S

produced i onti puous mapner by.interfacial reactjgn, By "continuous" it
" reant et Mo iEay. o & modibl, co s g ddACtamationdraasion

si mul t aneogsiwe t ' ith pr.

optionall yHbe v‘\:{r{ ﬁgt}za\;\h%nior‘&ﬁigprﬁﬂ w?%atrgﬂéﬁ%m%?ﬁlﬂ@#erﬁ?@ﬁgté mcr eact or

systemis Brogiucbd up through the nonment that it is shut down, which has
the added advantage of supplying

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



MACs "on-demand" to another process, particularly an interfacial

pol ycarbonate synthesis process. The reaction system may be coupled with a
bat ch pol ymer synthesis with the MAC product introduced 30capitrmiperi3piar
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 Sepérehtof aﬁ%vﬁmdfrﬁaﬁbﬂf?ﬂuéﬁéﬂ &ﬁﬁ%out PH{)?éécgféppgpgﬁép&%f

i nput for introduction of feed and a downst’r

product . Opt i Gagtonprogdyet; éeiﬂﬂse tatel wieight of MAChprodesstt i on syst em bet ween
the upstreaminlet and the downstreamoutlet for introduction of feed. The
systemall ows for the continuaqus production by interfacial reaction of

MACs, the product having a |ow | evel of DAC and unreacted nonofuncti onal
hydroxyaronatlc conpound. The conti nuous process may be conduct ed |n any
equi pnent arr angen'éh\tasi furthit uhexpented|y foond that ded tisnasTBY reédttidhits G

I ncl udi ng but d series. of continyous stirred tanE reac({ ors
(CSTRs), a ¢ dB MA(F erué%@oyé'gr? ri gpl&p{ feartioar imeadpothe bateh erocessetd oop

reactors in sprbdeee MACQraré&ﬁéthé%n%é SteABMRA "800k %5@9 ?gdgltiﬁiﬂﬁﬁ dn one

reactors, a colunn reactor havin Xers I n severa
agi tated col @fbodiment afibe |p6e6%3tsn'eentmy usingpa itsbulapreadtbathereadicross and

cooling as onal reagents nmay be effected
o vveeg & a‘é‘ﬁ'lg)dr@@arbma”tledéb%ﬂ&md) to %ﬂ?oro{‘orma{e was complete 'in about 1 fo 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:

0
c-cl
(Rl')n_Q_o 0
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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 d|rectlya&ﬁﬂWme@6m§3batch
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

by- product hydrogen level is elevated for nuch of the startup interval.
The conti nuous process to produce MACs, as described herein, may be

ti |1 ted Al t t ly, th t
oY S R R I By aboien assmensomeinie
MACs f 1. I b

Pt Ay Nl 1 AR, Ry DAL e

synthesis. If desired, i sol fro
m xt ur e us.rw ] ﬁuwmmdpobmybsﬂtumra aycldalmhdthagndmp ahithdagyngat i on.

Th MAC t | ut I t
asea neat ’s PI qui d:'[Hi ?Slt' Bﬁ%%%ﬁ%ﬁ’a@?%ﬁ g’m%‘%‘ Qa’i%?é'%l\)&%c dhgglblgnrﬁu??s%&tgpd g(r)ol
and wat er - brwsub$titutdder Endeapmug gents proaesy blythé Eﬁet%& o't bfedtint -

solution, the NA ﬂg or solution should be®aci
mventlon mcl e, but are not limited to, phenyl chloroformate, t-butyl phenyi

chioroformate, p-cumyl chloroformate, chroman chioroformate, octyl phenyl 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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It should be noted that the invention as disclosed also includes

enbodi ments of continuous processes for MAC production that are not
effective for "on- demand" operation. For exanple, in of@ SapiRiaer903of t he
i nvention, a continuous reaction process that conprises a tubular reactor
with a short residence tine ( preferably 0.5 to 30 seconds) is followed by
a surge tank with a long residence tine (preferably greater than about 5
m nutes). This process for MAC production is continuous but not on-denand.
This process could be coupled to either a continuous or a batch

pol ycarbonate synthesis process and would have the advantages descri bed
herein of MAC synthesis in a short residence tine tubular reactor, but

woul d not have t hE'&fRAGHOARYSteMAasi an ugstreami miétrﬁrQhMquor'\m{Fo&ﬂ&lorﬁgyr dual
phosgene. | feg@Ring Howﬁsﬂ}@%npé %ltlcftlon reac%\gr t hat conprises a

resi dence t:-qrrge tlu? armac or @ '+ b [RCAYery BLRERdUshQntiogally athieye iray | S
directly coug duletso ta yreaction agystenin bl a b erated as
either a corqch_g‘ugrus or @%r} on-d eman}(? reactglféec‘n i %Eg{r?gﬁ%éP%éogﬁdTH@
products of U5AM Autiidoninosystianyef feed producti on may be added to a
pol ycarbonate synthesis prior to or during a batch pol ycarbonate synthesis.
I n one enbodi nent of the invention, a reaction systemin which the

continuous process for MAC production is effected is coupled with a batch
pol yneri zat i reactor, and the products of the MAC reactor are charged to

the batch redd? SYSIEE (ﬁ"@wérfodLtHEr@prthheop@Igrodmditmmbgslﬁtéﬁdm'l%acmﬁ &y ocess
condi tions 'MhCQ%é%Bb&%é\)‘ﬁé %Wo%oleeélo%ié Qﬁd unreacted monofunctional

hydroxyaromatlc compound The continuous process may be conducted 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, one 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 column. ‘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 rigorous 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
shutdown. 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
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varied, and generally any process conditions can be enployed_prorided t hat

t he reéction bet ween the carbonyl chloglde ?Eg k&g gfgg&ggi;;on%ﬂé@a3
aromati c conmpound occurs to produce epieinb _

Qggégﬁyor streans gﬁtering the reaction systen1preferab|ybha¥e48 g!xhg;g

average feed tenperature in the rgﬁg$hoffab3ugt;égnfgﬁosﬁrg;ns 0 ¢ mre
ably about 0 C to about 25 C e fee . (

ngggLyI zhloride, i nert organic solvent, aqueous caustic solution, and

[ j i ng the reaction system The

Comper at ur o ap ey QAR IR HEFbY.BroRIER HyBodih Byl Shrplayeiac far awich oiiont ai ned
erature o _ .

E)glméw aboutstatuponterwake pref erably bel ow about 50 C. The term mixture' as

i tion system including, but
herein refers to the contents of the reac
lrjlgtedl imted to, the solvent or solvents, the reactants and the caustic. As

i i ic, f the reaction mxture
tion is exothermc, the tenperature o )
itggrtrazggs as the reaction mxture is conveyed through the reaction system

tinwdusc pravegs ar proguba’ e intaj ned depends on
mg ;[OSJTPie(r:a-lmﬁrr eler\!/entsg:wreggt an‘?s, COOMIA#SSI m@gnéeg%\b@dabﬁr% iyt Eﬂ‘iote;bl .
2003 The rﬁa@wai'x opstalad pgyaenslesiand proaeser AlieinatiieNahi@ihuosy

Crchanger [ ocess O RGBS s ISl Rl g elovie weer odamtoos of o
mul tiple rMAGofoR gtrage and Bubstiuentcaselans Ibr ekBfdiE2 8! hBYARSEe O
vessel s Wyrﬁﬁe&g.olfegesil%rd, r}ﬁgtMK%y rrlnjaey rl)gn%\é?ated efrc\JA:I'rem the reaction product

mixture using well known processes, such as distillation and decantatibn. 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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vessels, if the systemconprises nore than one stage. For sinmplicity in
both design and operation, it is preferable to operate the system
adi abatically. In order to achieve adiabatic reactor cd@f@dbaptemssr 2068

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 xi ng neans,
including but not "limted to, an in-line or static mxer, and an orifice

m xer. As nentioned "feed streani or "feed streans" as defined herein
refers to the conponents entering the reaction system and may include one
or nore streans entering the reaction system A m xing zone nay be

est abl i shed ¢ predudts mmtbmumﬁ%ﬁé%%‘2%0%@3’?;"%%&%%@2%? se a

m xi ng zone,_or both. \Wile in the reaction's

pef bty PPUEBEt e s o o st sl i, .
conver si on ?ﬁf%‘tzhe r6eact an?gf;';]g ﬁe’quY%btﬁﬁ}» fli reagtion; §Meﬁu.inTWhidgithét i on
of the aque IRHaUS rpracess MAC poddcetion i h osgene is
not wasted %Iirﬂgﬁ | n itts h dr?_gsi S ?gltggﬁg @gﬁgn@f’gﬂc‘i&ﬁﬁ‘aﬂﬁ&
excessi vel y N ensg&iﬁrﬁ(?‘?ﬁ ar, I%‘dat Bladuicts of the MAC Teactob ere iealgad 14 he

i nvention, tthe batch reactdrBeTHed i : acterized hy a tube Reynol ds
number, defined as: 21 30 sgfﬁgﬁ%‘é'?“%‘f)‘%ﬂﬂg’ggfﬂaﬁgﬁgewﬁh@qée di aneter (cm

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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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 number in the range of about 200 to ZBRAAPEIVEEEE63 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 Techhbeotgactiom sydtesniay He dHdi&i i, i der, «Cheni cal
Engi neeri ngiolghﬁgress Julé/{k} 1938%., The reacti %‘?\é}tgge%pra%ﬁé?cgﬁk ﬁgaﬁl?{ﬁes an
al kali met MERRE Hiclude a goplingrackets a pressoaler hame eixehander! af gggted to

25 2 S2vustekchangantils EeiouSiUs b6e AN chapBECL St Y oL odled as an

aqueous caustic solution canprisin

causti c sofiifigle peagcter system,conpa i reflax pstrdenbern Mykk %Egﬁonm'i%%&gw de. The

hydr oxi de L X es thereof, even nore preferably sodiu
aqueous cagggls%ikso- tﬁgngoﬂ?‘g'f &f a‘B‘F’i’/t ARy Bestemonsch befwedroihe 1@akpombout 50
wei ght per vessels pif the sgdleyh cHALIBES RbR out. 40. wej ght. percent. 22
30 Septenbar 2003 The g‘ﬂﬁeoﬁso E}au§$i c sgrﬂﬁigtﬁ%@ I‘E]OEISHBP AR bethiced
into the cBRAFEA opg  8ris gyeiesablertopeegtartht aystdm UBidBARHC 5L F eam

cont ai ni NYofd® to achieve adiabatic reactor conditions, the reaction vessel or vessels
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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nonof uncti onal hydroxyaromati c conpound and the stream containing the
carbonyl halide. In one enbodi nent, the aqueous caustic solution streamis

i ntroduced at the upstreaminput of the reaction system308aptambari2pBy, the
aqueous caustic solution stream may be introduced at any point or input in
the reaction systemwhich allows the reaction in the systemof the carbonyl
hal i de and t he nonofuncti onal hydroxyaromatic conpound to formthe MAC

The aqueous caustic solution streammay optionally be split into two or

nore streans which nmay have the sane or different nolar flow rates. These
streans may be introduced at different points in the reaction system It is
preferable to inté%:luce t he aqueous caustic solution stream at the upstream

inlet of thepea n system _ In one enbodiment of the invention, the

reaction systé"’mfutther conprises a first precooler to establish an input

tenperature for the nonofunctional hydroxyaromati.c conpound and i nert
organi ¢ sol vegt, ﬁ second precooler to establish an input tenperature for
the aqueous WEUEt{c Wbrdiamster(camd a nixer that is coupled to the first

precool er and t hev €gslagdoy veldaiy 4 t m__The nonof uncti onal
i er?g%fglb%i@gjgils\‘?@d in the solvent in this

hydr oxyar omati ¢ conpound i.S pr

enbodi nent. The qaégﬁ‘é'%&?ré‘mg@ép&h on is fed to the second precooler.
The cool ed aqueous=sahlﬁbi1&issasEtyt('gmacaﬁdsgcyle exit streamfromthe m xer are
then fed to the reactor, preferably a tubular reactor. In the continuous
process described herein, it is common for the reactor product to contain
sone unreacted carbonyl chloride and sone unreacted 23 .

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

monof uncti onal hydroxyaromati c conpound to the MAC, it 305eptarshas28080
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
hydr oxyaromati ¢ conmpound and ot her feed species determ nes the extent of
tenperature increase in that section. The tenperature sensitivity of the
reaction selectivity towards MAC synthesis and away from DAC formation is
a key fact ohe vddugausScaustio S id ;4 : nt of .caustic to
be added per \gqage,. t he Eunc‘ggt?&ggd ?{%&%‘Wéﬁgaﬁéﬁéﬁoﬂm CPRfiRYYS, g e

cool i ng, pPactien | systemy inica - separalgastreano rfcbrhi Ura.sttéamh@oﬁfa‘ﬁﬁﬁ?gtt}ehe

i nventi on, : ' .an austic ar i ntroduced in
oncti on <ORERIENGRR hydiArb R KoraBoiid Sod fre shaam enizieingothene.
monof unct i eatabnyiyhalidey dnonet embodimsn)the 8qedA CaustiRUSolutiGi Prggﬁ{ ighal i de

' ' cPuct S, sucﬁ BAC, and

O AR ol st e e crosmian e e b o
Pl o rat i oo U Bac Sefufof s Mal bePhfBRubes R Robed opvioil
hydr oxyar dR@treactisheysiam whish allows, the tdactioh yin 186 GydRMm ofdthbCEdrbBRyIPe! N9
directed UiB ant FRCmbRbRRLARA HYardkyarorantc %gm%%utngeto 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 coup!eq to the first precooler and the carbonyl halide feed stream. The
monofunctional 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



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, 38R&ptembergRBdgene,
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 NaCOH) to

t he nonof ungjigggal r ' nd.in the reaction systemis
preferably from 3&%?99&?’% 'é 0 !a%gﬁfmggﬁﬁc%%ap?%?%tw&mm eaustic 1.2:1
to about 2:i§, needadndor theefcmmversiof r of MeoYhohofinktibA W&%r htic 1€
conmponent s #TB be Ied toM{gﬁ reaction systemin sen:)calr a?lg S ?’Séaﬁém%'BP
alternative %ﬁ,{p% Q:g??p tg IRPSEDIR drspntral the extent of it reabtiohi @p | Nt o
the reacti cbrivepdien inFarqifeH t a hl oride and the.

monof uncti onal _hydr o.xyar%mat I’Egcggpmégﬁtﬁg %&%agﬁ Adﬁ“?*m&’r &@JEQPQWP” &he or
nore feed StaUsSHESolulionaddeditotthat sedtionupst ream end of the reaction system
or at an input at any point in the reaction system The overall nolar

rati os, however, nust be maintained in the reaction system i.e. between
the input and output of the reaction system In one enbodi nent, the
carbonyl chloride is m'_xed with the inert organic solvent prior to

i ntroduct i dindert substantiailyc trdiabatics reatih ToRARRIRNSALS amount of caustic

introduced into the reactor section relative to the amount of hydroxyaromatic
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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solution. In another enbodi nent, the carbonyl chloride is mxed with the

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

nmonof unctional hydroxyaromatic conmpound, whereupon t he 3RiSaptareber£008d 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 chlori and. th nof uncti onal hydroxyaromati c conpound. If the
reaction system Yo ok the molanfpw fates ofdhe rtarhonylychjeride.nsudhu@sed int o

the reacti mige e ' Jde re of the
fol | ow ng: @83’ %‘?g' ggugqurﬂg§§@tﬂ|€§%nﬁl ﬁggfa%ﬁléd;ﬁ%%@s%ﬂ?@@%qﬁa g&'ﬁ)o I
chloride, aeactiooncystarni éngireferdolyx fmmomabout clodfiduis. aboutor®:1,efmastai nent.,

the invention is . a.tubular, or i conprises fromone to four

st ages. Th@rﬁfﬁﬁ%?lﬂﬁma gyt ﬁﬁ&?gm& EVerh MRSE gefersbly fromabediddd  into

the reacti op abwat 10, AFha r&Mb BF R masr ﬁovﬁ?hfeg’ofaﬁwé"cﬁﬁ%tfc (a%rer@sﬂ@%tgr e
y

t hereof. The wei ght of the nonofunctional roxyaromatic' conpound T nput
to the rea®f iNgPH) i g manafunctionab hydeoxyerorhatio totipeundein thes geattionsol vent

I nput to t i (o] t.,0.5:99.5 to about 20:80. The
nonof unct i té‘ggﬁehﬁ?}% o%gé%lﬁaﬁpg %t(’)é toﬂjr:}gpﬁ’ﬁfb&ééiii‘l u e j/ie ¥ fgem;
part in thabouent2:9rigaabouts]ty easvers maranpiefdrabBufieeh aBbGt 4/M 1 rBasho@n
system In1 741

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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one enbodi nent, the nonofunctional hydroxyaromatic conpound is dissol ved

in the inert organic solvent and the streamis fed into an i nput of the
reaction systemat the upstreamend. |f dissolved in t# Japtgrnbei298si 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

b : ' . t he . t of th ti t
Y b2 SR a5 B o RS e bl

streans and hydroxyatometicadomgruisid. poi nts al ong the reaction system 26 30

Sept enber 2003 The residence tine of the reaction mxture in the reaction
systemis a function of volunetric flow rate through the reaction system
If the reaction systemis a tubular reactor, for instance, the |length and
di aneter of the reactor nay be varied to achieve a desired residence tine

and thereby achiffViee ¥8a6t '% ' ' roduct . sign
consideratiqn that are 2omm!r10n _tomp%'gp?%%éwb‘ﬁ%rg??é'ﬁ?ﬁ%@e?@?@d@ﬁ%ﬁ
Levenspi el i'piregiicad: ito fae Feadlionmsysiterncretmgen Jstagesiv Fegdandy is6ln8e b2
Preferably, 4-h ' 1 | o_of .the tubular reactor is at

| east about Oﬁwg%(r}ﬂ{ mk)}}ée?%@e“? @gaghyéﬁé 1G4S HC aRY4tions gnertnorganic isebeant,

i nventi on i tcaviaanyd ustiofidé,nghd rhonafdnttistialt irbRMreRREE LomMBoliRd. il Sdeact o

Is not critical. . .lt al so surprisingly found that extra residence
emabodlmen\f\fa%e invention Is a tubL%ar 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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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
fromabout 0.5 seconds to about 30 seconds per stage, nSP&opiamkarZePy 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 maintained at |ess than 50 parts per mllion (ppm, preferably bel ow
about 10 ppm even nore preferably below about 5 ppm The presence of
amines in the reaction systemleads to undesirable side products, such as

DAC. Optional | Jhe rresﬁeade&itneeﬂtr&% rédction rﬁﬁdﬂit@ﬁh%&%@%’h&?%ﬁéﬁﬂi té‘e
reaction hem wy fled by acid extraction; any o Pt

streans C %";SEB q"l"@& %s’@t%é"’?ﬁ@hdﬁglfﬁwloﬂ ﬁ)&th‘rtharreaemsmrbent
bed t f t: t ble t d

ed to 1 egpten (8 ﬂfﬂd?f’tf/reédi A% (ihefnck! 1he IBIGA BAFFLABLE LPmaold

ot her condensation cat ST s des e nes,
quat er narfgagtaroniaymbsavagediitd achieve rmrdesu’edswyidam@ Gl gndaﬂ@fe@; gan
e

0- phosph reaction product may treated
with fur t%cgﬂgvepgéiggﬁ%cﬁl g&%ﬁ?ﬂﬁé%é”m tr eacti on 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 bonate, optionally, the

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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product solution may be further purified by fractional distillation prior

to introduction into a polynerization, i.e. a polycarbgnate synthesis. In
one enbodi nent, the process of the instant invention is RRr 2008, 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 tubular reactor
I's horizontally displaced. Feed stream 1, contai ning nonofuncti onal
hydr oxyar omati ¢ conpound and sol vent are fed to precooler 3. The product

of precool : L.Nni rbony] chloride, such as
phosgene, g?%t%fn ggqthfge;%%ggéﬁ 39'523‘52'3‘%}% QF;B WP@ZW é‘FYJaﬁxfaaemsama@ tthe

sol ution 5 feedf streemso maye deo lperifiéd Ege &édihgy aRkS dééﬁéqngﬁgémél R an
precool er 6, ar tthgn fed into the tu_u?ar reactor /. The dragram of
reactor 7 i%%ﬁaq.'fﬁﬁg ﬁf’xﬁonﬁnéqv REsamines. He addiliororit iSpalsonpiefarablelay! ar
react or 7 naybiddthérmcon o] r t ubul ar .reactor 7, .
contai ning the MAC prodcﬁgfﬁgh?npgg cgttést?rgfggfrsr)%gbﬁ‘q?wmﬂg?”tﬂ%@%, or
it may be dPr Suptamant @"@[ﬂowunymltSsyndhqeémmmcbﬁﬁspﬁ&ﬁiuﬁ{aggﬁs'e 4nd

pol ycar bon ' I .28 30 Septenber 2003 The process as shown
I n FI GURE %hﬁgéaﬁiﬁgggég%gggkgﬁ#?nuously or in-an on-dermand manner
dependi ng on the intended use of the MAC product. If the process is
operated in an on-demand nmanner, it nay be started while a batch

pol ycarbonate synthesis is being conducted in a separate vessel. The MAC
product may be i synt hesis reactor during

t he phosgenati olrﬁéth%%%ﬁ? q@%%éé E?e@ &Jr\z%w%\gy 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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[ [ [ | ycar bonat e bat ch.
thesis, and then stopped prior to conpletion of the poly
?’%2 MAC product stream may be delivered directly into the pol ycarbonate
synthesis reactor without the need for further purificaBP&eptensbes2008 in

FIGURE 2, a tubular reactor systemnay be connected in series to a

pol ycarbonate synthesis reactor 17. One embodi nent of the batch -

pol ymeri zation is discussed in section Il of the specification. Ie A
pol ycarbonate synthesis reactor may be operated either continuously or {n
batch nmode. In the continuous operating node, the product fromthe reag7or
7 is continuously introduced into the pol ycarbonate synthesis reactgr e
In a batch operating node, the polycarbonate reactor may be charged w

monomer, ‘for  exHmp peodeiss Hsestedwi il BIBUREL1 ns&) B@rﬁpéf%teoc%lgtbrﬁ%@a |3?|" \(ngt er

ne 15 d an aqueous caustic solution 16 as dI's _ _ .
égt eP\P 029352951Qq%2m5?%r@;, [sependingy opether émeadetnusée hef fied WIRG zat i on

' i 64 : | ' dded to_the pol ycarbonate
Synthost 5 Tegct) ort ol Broler S B BRI B gy Bagnen i R tRat 15 1o
PRV ST hﬁtdm mlwérbed?tbors;lyhl?g]g %??a%etggfﬁgna ed ig‘t ha single
oo nt i n (TBeraeSeb: DR AR Brfich s intmglugedete betpolycznndtee

i nthasis | i q ' ' ustjc, an
fol | owi ng siin reactee Haring tha ﬁH&géﬁéﬁrﬁ@%ej:eof ’iﬁ{e}‘rﬁa&{@@fﬁ W’kﬂtﬁt& d et s

solvents which are suitable for use™in para

sui t abl e FYNNESS. 2ndeiedpipPRed agiente comipietimy of the polyearmsestataescr i bed
The MAC product stream may be delivered directly 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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are for illustrative purposes only, and the provided lists are not intended
to be exhaustive. Suitable nonofunctional hydroxyaromatic conpounds which
may be wused in the process of the present invention to 39r3gpenaben®00are
represented by the general fornmula (11): OH Hwhere n is an integer from
1to 5 and wherein R represents hydrogen, a branched or unbranched al kyl
group having from 1-15 carbon atons, an aryl group which nay be
substituted or unsubstituted, a cycloaliphatic group which nay be

substituted bstituted, or an aryl al kyl group which may be

substi t ut ed th%”,E@E%\gm ﬁfsé’H.SS'Pf‘ ?@tspfé'ﬂérthédfﬂ‘mnﬁs. iincludingl caostic,aafdt hat
R is presendolvéhts WehieR 4 okl | nhydr tic
conpounds as defined in fo?ﬁﬂaabzéljr?r @?ﬁ Wétdrgﬁ%lagpé Qfooﬁg‘ém%r&@@@@ts
phenol , p-t erguilablefoshsadis endcapping agentsr eShe parﬁibn.ﬂé%por?éfﬁ&%%@ﬁﬁ X
p- et hyl phenolare%lcm qugwepgb 'chron?n;?d_’p- 30 30, Sept enber 2003 octyl phenol ,
p- nonyl phenol® - a- na%% 'S BUIPRSER SN, Ald the: Ripxided ists are notFintsrtedstd be
nonof unct i onadxhaystivxyar omati ¢ conpounds are phenol, t-butyl phenol,

p- cunyl phenol, chroman, and m xtures thereof; p-cunyl phenol is nore

preferred. Suitable carbonyl halides for use in the present process,
I ncl ude, but

Suitable monofunctional hydroxyaromatic compounds which may be

used in the process of the present invention to préparé MAC are represented
by the general formuta (Il):

7\
Rl o

‘where n is an integer from 1 to 5, and wherefn R, represents hydrogen, a
branched or unbranched alkyl group having from 1-15 carbon atoms, an aryl
. group which rhay 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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are not limted to carbonyl chlorides, such as phosgene, carbonyl brom de,
carbonyl iodide, carbonyl fluoride and m xtures thereof. Oher carbonyl

chl orides including di phosgene and triphosgene are al so38fiepiginker 2083sgene
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

possi bl e t t for mat gs ch as, bronofornmates, etc. by the

process of%tﬂgﬁleﬁélgnpi- %ﬁ{yip@o@r &'ﬁ%ﬂ&}%i@ﬂ@p@ﬁb 3k ¢ Mbrturasy rtbarecgui t abl e

i nert or gdtneersed vimohoefunetionidte hixdr e invention

i nclude any inert organic lsoI ve¥1t oﬁiggdﬁﬁ???égﬁoghplgaﬂey%ﬁﬁégﬁ’ LfgtP i n

wat er and h%\oj' PEUMHE Ritesiebsehroptan, anchsnixtlnes thvereof; gi-gamiyk phehyieat  shoul d
h

al so be aﬁb#b”;?'r%féﬁé’&r the reaction conditions and shoul d not react wit
the carbonyl halide, the hydroxyaromatic conpound or the caustic. It is

desirable that the MAC product be soluble in the solvent. Suitable inert
organic solvents include, but are not limted to aliphatic hydrocarbons
such as pentane, hexane, cycl ohexane, and heptane; aronmatic hydrocarbons

chi or obenzene. Suable SAbionis BREASSFG s 7o Bis, Ermskat nespeses innlds, dtphat i
hydr ocar bans ret dimitets te mmmwmmsgﬁgegiﬁéﬁgﬁe?{ghggr%@@ a%é}%es of

any of the__aforenentioned sol vents. y al so
be m xed ﬁ@ygég&gﬁbéia@m 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 halide, 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
afprementioned solvents. The aforementioned solvents may also be mixed
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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 alSOlRepterabp1/ 2003 an

al kaline-earth netal base, herein referred to as a caustic. The caustic
conpound is preferably introduced as an aqueous sol ution conprising the
al kali nmetal base and/or al kaline-earth netal base. Suitable alkali netal
conmpounds whi ch nay be used as a caustic in the reaction system i ncl ude,

b, a1 01 Wit incmg ML BB, R Sea st

- hydr oxi de, F‘Odl um hydr ogen “car bonate pot

lithi um hydf¥ @?aémf!ﬁ)ﬁalémf&mﬂ unrparicatarahsth Ieﬁ@t@l‘&ﬁi carbonate, |ithium
carbonate and mi xtures thereof. Suitable al ka i ne-earth metal conpounds
whi ch may be used as a caustic in the reaction systeminclude, but are not
limted to, calcium hydroxi de, barium hydroxide, nmagnesi um hydroxi de,
stronti um hydr oxi de, cal ci um hydrogen carbonate, barium hydrogen

car bonat e, nagne?hen'eayhbmgﬁnoﬁ&bé(mé‘mc rehliPed LY a 09391211 car bonat e,
cal ci um cargﬁ)%é barh m caégonat e, _magnesium car nefpr
carbonat e and Wﬁ’%@ agtabpase:n bersin éﬁ@medofo Bbea @qugﬁws T thlst

sol uti on negorhponid i€ hrefep 8y § erabl e that the caustic corrpound
conpri se fro about 1 %tg ggoulf'ée%sggv\f YoSGHEPUS sogwising: the

sol uti on, %Mﬁdb&hﬂe—ééﬂhm@@mﬁse 40 wt % The nost preferred
caustic is SOdI um hydr oxi de, and the aqueous 32 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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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 presérfieptenien200a
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 nolecul ar
weight in a series of product batches using this process. Polycarbonates
whi ch may Baugficepalutian yefenabiyecdmprises frbirs abouENEW% t6 tididl 40/ weaPY | se
structural S{f&hh‘ﬁ%@im%lps formula 0 11 OROC Il wherein at |east about 60%
of the total nu 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 fornmula A Y A2----- | . wherein each A and A2
is ais a nmonocyclic divalent aryl radical and Y is a ,

H. Batch Process for the Production of Polycarbonate by Interfacial
Polymerization

In a second aspect, the present invention concerns the preparatioﬁ of
polycarbonate products in a batch interfacial polymerization process coupled
with the continuous process for the preparation of MAC products aé 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==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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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-CH and OH A, -Y-A2-CH, or their correspon@dfipptienbher2008es.
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.

| sopropylid LSt preferred. Thus, the nore preferred
pol ycar bona?%@cgf?é [\ﬁ%ag%{agynp‘ﬁg? rfg IS, 80 @f@wali¢ organic radical and more

2, 2- bi s(4- hpdeferahipansabical fthBForAlLO known as "bi sphenol A'. In one
enbodi ment, the polycarbonate is a honopol yner of bisphenol A

(Co) pol yestercarbonates may al so be prepared by the nethod of this

I nvention. The pol yestercarbonate may conprise residues of aliphatic or
aromati c diacids. The correspondi ng derivatives of aliphatic or aromatic

di aci ds, such as the ce-lhﬁ-eslpen-dq'r.n.g_ﬂ;_chl_ori des, may also be utilized in the
pol yneri zation. Pol yfunctional conpounds nel¥ al so be introduced into the
reaction to produce, for exanple, branched pol ycarbonates. 34 30 Septenber
2003 Pol ycar bonates, including aromatic pol ycarbonates, are typically

produced interfacially by the reaction of a carbonyl halide, such as
phosgene, A, in the presence of a

phenol i c eﬁl\ggg%&l %'agﬁgﬁggf%d Azg%\%n%ﬁ%t%éﬁpg‘&%l@ dinalenharyhdaditaloandfy fshe

phenol i c erisitding radie8PTH 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-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 radical 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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he beginning of the interfacial reaction which [eads to the production
g% tundesigrablegdiarylcarbonates (DAC). In contrast, in a preferred batch
pol ycarbonate synthesis process as. described herein, tI[30 Sdpermisergoepared
in an on-demand manner and added over a finite interval during the batch
pol ymerization. It was unexpectedly found that when the batch _
pol ymeri zation reaction to produce polycarbonates, as defined in sectlﬁn
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 variability than when previously known nethods for endcap

- cumy! " pengrarbenats, eliind|afimaRe W RI TS, BF SvpRake droded vhon
the bat ch ipterfanially 2t then reactiont oba EarbBRANRIEN Bt PRk SelEa P Ul o
with the cbgntl nuous rocgis '&é{%ltjéh? E{ﬁoduct | og 0 as.c L val
Secti.on | ?pr{%'sﬂé(g\ AP CABPRENO Y, 1y _.ﬁge-“ﬁﬁ'@ W@W oam:fDACc‘iag\;/uelgﬁi erval
during t hexgeait.c KnBehRatHIRahEILGS Xt %ata@n Jf'ilg% pbgg%.%ﬁg%ammw by

ol ycarbonat e product was |ower than the |ev _ _ _
gddiyng Mﬁ@tttbePbﬁgl%ﬂgd}frtbgnateifaMHBBGMm witicka ieady ke th® iphédidlichhgr Pat ch

: ) . \ S
ol ycar bon h C was , di scl.osed by Bussi nk et al in U
Igat gnt 4, é‘@?ﬁ 8@%5‘&3§%§@cgé%p§i§)%r% | i oFRNtEERbo AN ndnpreferedcbatghned MAC
and bat ch poblcacsoriate ayatheslt pregess as described herein, the MAC is prepared in

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
adding the MAC endcap over an interval during the batch polycarbonate
synfhesis, 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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conprises the steps of 1) charging at |east one dihydroxy conpound, an

I nert organic solvent, water, caustic, carbonyl halide, and catalyst to a
vessel, and maintaining the pH of the reaction mixture 30&iapiamberzd08 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 aromatic chl orof ormates
(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 systemis coupled with the vessel, and where neans are
provided for delivery of the MAC fromthe reaction systemto the vessel.
In a furtherlnepi gmhsidiment dhe wambioed WA&Caand tatath pplycartonate syAthaziPcess

of this inv%@ﬁke%rtﬁg%t@%éf conprises the steps of 36 30 Septenber 2003 |

)charging a ol'ynerization reactor wwth at | east one di hydroxy
conpound, solvent, and water, and optionally caustic
: 1) charging at least one dihydroxy compound, an

inert organic solvent, water, caustic, carbonyl
halide, and catalyst to a vessel, and maintaining
the pH of the reaction mixture between about 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 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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2) sinultaneously charging carbonyl halide and caustic to the reactor,
while maintaining a pH of the reaction in a specified range, 3)charging

t he batch pol ynerization reactor with the MAC reactor priddeaptembehB00Rg 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

mononer o, Por oA A BRIR pBlyfbrizdtichy skl xily 30 JeB8hprinreaihugiy os

2, 2- bi s(3, Sompcmfidnﬁol&fehyanduvatahmﬂldpmmamag)sncwater and catal yst, such
as triethylamne. The relative anmounts of solvent 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 mﬂafﬁlmum&uuslygclﬁ@'gmweém@ﬁ?l ﬁﬂﬂﬁdaﬁ&”cbggtfé :&g rtflé’ _ngé@&mwﬁyas wel |

as sol vent ad&@d dur:ﬂg_? é MAC synthesis and a
wat er addeT'ANHAINGE BRI B tf@ﬁeapmwmsm@mfe@rmbl i shed so that the final
concentration of byproduct alkali halide, for exanple sodiumchloride, is
preferably in the range of fromabout 10 wt%to saturation, which is about
26 Wt % for sodiumchloride, and nore 37 30 Septenber 2003 preferably from
about 15 W% to about 25 wt% These ranges are commonly

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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used in industry and are described in US Patent 3,173,891, herein

I ncorporated by reference. During the batch phosgenation of the
pol ycarbonate reaction, alkali metal base and/or al kal i3e>epigrabera®0dl 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

and concent rpreferablydromaateut dSaet% e dbolit 28861, O f specification
are-al so usa‘RJﬁ%‘ei.n th ol é(é:%r bonate synt he?iw;/&' grh%gggghaﬁf’?%&c’m{@mﬂ&tch

f or nul at i on, I é hé¥ds areadeseiibedi in eUSi fPathat IAE3IBOYL, hdskein
reactor is qﬁ@dj@b%}teafbyq—@fé?gﬁ mand process. It is preferable to operate
the reaction systemas an on demand process. The MAC synthesis reactor nmay

start either at or about the time phosgene addition begins or at a
specified tine after the carbonyl halide, such as phosgene addition starts
for the batch polynerization reactor. Wien a predetermned condition in.

t he batch polyner'lzfﬁ.;d hieved, for example, a specific

percent of ;Jfrl]@et Eg[%a C%%ﬁiﬁmﬁﬁpﬁﬁn%{m tqfcﬁ?,e Pl¥caykonaten reastion, alkalct or

is started at hasevandioe aikaline paptiusietal B 48 4 fhe batch

pol yneri zat i ge%acaé)i@(’)n (gpﬂ/er a £redet erm ne(?dilgn G?%@Z‘ﬂ*%& ‘H,tP’PHIeQCtFCm erval

is usual | yPEBB TR i i FARge of abeut et aboubf 2 hendretmreférablP iy inehal i de

target to  ravgeof bRt 7id 8Bolif39' R poiflester carbonate 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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30 Septenber 2003 Preferably, the MAC product m xture prepared by the on
demand process is added during the interval of O and about 90 percent of
the phosgene addition to the batch polycarbonate synth88iSsptevitrar 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 polycarbonate synthesis. Even nore preferably, the
MAC product mxture fromthe on- denmand process is added during the

' f h hosgene addition to the batch
ol ycar bohtre a8 MAG RSl AfiRe prenal8d TN B8R JHiTinad Peotstsdtes | s

sinply coadiedidutng dalintedvabof Gearmhabodt80 parienib of dhey %bk%éﬁé ngEEiSﬁCt or may

sane interval s hote ove, but

. . o
Che WaC plbdU DT PBEaronale Sydhesi. sMora guolarabiy NGy go

' ar,. e C.
hal | e aniy caar o o Hamene Brbbfse K puded HfY tnd Jhal o AEBHEM T oot | on
may vary @bdiadgut 88 pergestobthe iphopgepemddition to the dnitéivpolydariaeh it is

Peacti on Sifiedey 8% o, BB STBLS hisuich i tehm 00~ Lo ¢ he
e il o he scope, ol L ang (s TS S, BRUALIS bRy Bt Lo
and/or c'i‘&s?rh@gﬁﬂﬁiﬂq%gwﬂb thecbalshypaivearbonate syrthesis. _dmntétmgtrif?%gi ;):‘) r_aI !I'he
Cotal  amoyig: VA\C FRRNEES Rkcess NEirply SahGudi) ot B8\ Aeuresd, 1@ n « he
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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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 about30Senrebeel008nt
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

subst anti al | fhecraiet ahtadditish tof tHhe MRCYBE%%F%&E%%@%@poi;ﬁpiﬁg{frﬁeal
|

preferable to edeterm ne a reaction en
pol ycar bonat g@bﬁ?'ﬁé@%’ Yay avesrthe easrge of additivnnedtiecBaich ?bl?ﬁﬁ-ﬂ?hﬁéréf or a
o )

bat ch i nterfggeabn Py CiRliko hesi eacti on may be, exanp

attai nment of a sp'eg}ik'r?i'icm1 'F oﬁ%ﬁﬁéﬁﬁﬁ? %édgﬁ{\%sﬁé% raitusquat iac sabisiantialy t o
the pol ycarduidiart refentchtie polyesrbbhate syftieidat i vel y, the properties of the
reactor contents nay be neasured intermttently or continuously, 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 is Itisopraferabie 30 Srédetaddind j ' ntil a final reaction
.pH is achieved. The cgjrrbonate frﬁrﬁlogﬂqﬁbﬁlfé & batchvinterfacgiass nay

be recover é’(‘j’?’g@{%‘?'}ﬁ%l ¥rdhesis ceaction el predetummined hachibh d ponft! i 20N

pol ymeri zat ingéh iRRY@ICRI PEEaltAAAE: 'Sh rgs%uensaagtlijcfnh n?gy at?é,i ?cg' \;igrnple
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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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&Otdeptdieert2008he
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 t he pol ycarbonate synthesis 40 30 Septenber 2003 depends on the

| engt h and déipands ain the tdiRte rigv Ll S preferapl.e that the

del i very ti&ge is in the éf]gngq of 8%%?'3%?%6 g%%ﬂ%%yﬁsgeé(foﬁﬁ.pmfﬁ'@b'ér abl y,
the MAC redli@l Hie delivens itievglisdedthes ranges of aabqassi @l apbat t&‘@se@@ﬁ&@
react or t o pyafNeRhZe ' t l.al of phosgene exposure risk. It should be
not ed t hat %@'ﬂé‘ 6@??{"% 'Zé_%h%'? FyEtely '%3’?%‘@%% claseaaslipassibde tothpi ng

bet ween t héalohTesgtorteshinimizathe bostlial ! ! nthesis reactor.
The reaction product fromthe co?ti nuougﬁ%r?c(s)gcgzaég‘g %rﬁe\’%ea oduction of MAC
as described in section | of the specification contains not only MAC, but

al so unreacted carbonyl halide and caustic, as well as solvent and aqueous
al kali halide solution. Therefore, if any hydrolysis of the MAC product

back to noitashowd benabtedytiae \\m@t' : urs within the tubular
reactor or while the MAC progﬁ%t m ﬁ‘ﬁ‘rﬁ%ﬂgﬁgﬁgﬁ’aﬁﬁ'@ﬁdﬂ@dﬁmai

pol ycar bonBIPNGBEGYRAN 226 MAC reyathesis redutor eail dbe polaiabsbivdte "Gniissignd

caustiC  reactor. The reaction product from the continuous process for the production.
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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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 con®Digptesnbar2083f aci al
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

t | dickeazab d tive
o poses. o L:gind T ofas SnHmBRIES MEtet ) DbfokBént arictlefbstiSre ve.

Sui t abl e car $0 ﬁ%ﬁ'lﬂéﬁmﬂn%b%ﬂd% tmwsgﬂnpaattlhmpeéfen%nr&di@éhﬁ HAIiREESS,
i nclude, but are not limted to carbonyl chloride, carbonyl brom de,
carbonyl 41 30 Septenber 2003 iodide, carbonyl fluoride and m xtures

t hereof . Di phosgene and triphosgene are also suitable carbonyl halides.
Phosgene is the, Breferred carbonyl halide. It is to be understood that,

al t hough "chl or ofl lSnf@t!E%Underestcldibt £, el “chitf6 » and
utili zgd acc%@ﬁ% 85'%30 é 6{4] haé) ;ugfknvent I%ﬁﬁgﬁ:@?%g%@f’éﬁi@&
sections | p e 8 ‘3'%58 ga?" Hiliged eaccordingr tor the emetivad id this
prepared, arevdiion e dasemed| ihosEMIGhsIFSSRIPRY of thel UL Ratlon” Gther

whi ch X represents fluorine, bromne, chlorine or
cor r espondi hglofarmates maY| bei prepased, endsfm ﬂ‘tmgenemlfdn'hﬁlauaéééﬁt% i

production ghlig \AHSOR! BkficH Y FHRS StsHiorine, b bromine, chlorine or iodine .

The corresponding carbenyl halide, as discussed above would be utilized in
production of the haloformate endcapping agent.

0
‘C-X
s

Suitable organic solvents for use in the poiycarbonate 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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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 solvent shoul d al so38&eptdmbpri2@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;
aromati ¢ hydrocarbons such as tol uene, xylene; substituted aromatic

hydr ocar bons, such as chl orobenzene, dichl orobenzene, and nitrobenezene;
chlorinated aliphatic hydrocarbons such as chl orof orm and net hyl ene

chl ori de, d i xtures of any of the aforenentioned solvents. The
af orenent i %’é@bﬁ)ﬁ%ﬁlﬁgobrﬁmm@m@wmamme bsed e tise pbﬂﬁr‘l%ﬁdﬁ@»ntﬁf" not
0

limted tOpbﬁkﬁ@Sd f; rj pated,. al i phati c hydrocarbons are
preferred, in partl?%tgllg'é‘%t%ﬁggéngo{E’ﬁftﬁait%e. 42 30 Septenber 2003 Suitabl e
bi sphenol's or di phenols which may be used in the pol ynerization of

pol ycar bon&@%0rcitel,ude, but are not limted to, resorcinol

4- br onor esourci nol, hydroqui none, 4, 4'-di hydroxybi phenyl,
1,6-dihydrg&&gggh@g&&%ﬁml bi s(4- hydr oxyphenyl ) net hane,

hydroquinone,

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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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- hydr oxyphenyl )ethane, 1, 1 -bi s(4-hydroxyphed@ISeptambar&Orane,

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- hydr oxyphenyl ) cycl ohexane, trans-2, 3-bi s(4-hydroxyphenyl)-2- bu ten
e, 43 30 Sepk #-laoiocxyphanplladaman@dnexyphenyl ) adamant ane,

a, a' -bi s(4-hydroxyphenyl)tol uene, bis(4-hydroxyphenyl)acetonitrile,

2, 2-bi s(3-net hyl. 4- r oxyphenyl ) pr opane,
2, 2- bi s(3- et%?l'!-)'ﬁﬁieﬁ‘?rwwaﬁg%ane,
2, 2-bi s(3-n-propyl -4-hydroxyphenyl )propane, 2,2-bis (3-sec-butyl-4-hyd

roxyph enyl bjgts Fexyphéndiad s but yl - 4- hydr oxyphenyi ) propane,
2, 2-bi s(3- cyc‘?oﬂggyl _yg_ hyﬁ? og(é)rﬁgfr']?fl ) pr opane,

2, 2-bi s(3-ally|:4-hydroxyphenyl) propane,
2,iLis(B-methyllﬁydroxyphenyl)propane,

2,2-bis(3-ethyl-4—hydroxyphenyl)propane,
2.2—bis(3-n-propyi-4-hydroxyphenyl)propane,
2,2—bis(3-sec—butyl-4—hydroxypheﬁyl)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-di5rorﬁo-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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2, 2- bi s(3- et hoxy- 4- hydr oxyphenyl ) pr opane,

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

6-t et ranet hyl - 4- hydr oxyphenyl ) propane, 30 September 2003
2, 2-bi s(3, 5-di chl or o-4- hydr oxyphenyl ) pr opane,
2,2-bis(3,5-dibrorrio-4-hydroxyphenyl) propane,

2,2-bis(2,6-di brono- 3, 5-di net hyl-4- hydr oxyphenyl ) propane, a,

a- bi s(4- hydroxyphenyl )tol uene, a,a, a', '

a' -t et r amet{hytichloRo-202-8H 4nﬁg | ene, 2, 2-Dbis(4-hyd roxyphen
yl ) hexaf | uor opro pane, iﬁ 3 Seé%gﬁﬁgyégggé%l, 1

-di chl oro- 2, 2- bi s(4- hydroxyphenyl ) et hyl ene,

1, 1- di br omd. LAPreMeZ2bjs(ddndsamhenylethyene, 1, 1

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

4,4' -di hyd : Bﬁﬁg 3 ' - hiws(4- hydr oxyphenyl ) - 2- but anone,
1, 6-bi s(4- E%?’gﬁyp egpﬁﬁg?ﬁg’z%‘ge@%ﬂ@ﬁe&yﬁ%@%% ycol
bi s(4- hydroxyphenyl)ether, bis(4-hydroxyphenyl)ether,
bi s( 4- hydr é4giydroxybentzophenorie, s ( 4- hydr oxyphenyl ) sul f oxi de,
bi s(4- hydr oxyphenyl ) sul fone, bis(3,5-di nethyl-4-hydroxyphenyl ) sul f one,

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(4-hydroxyphenyi)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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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, 4- bi s( 4- hydj7-aityydreny-9), T®nictRgpheRazide; i S(4- hydr oxyphenyl ) hexane, and
ot her hal ogenated or al kylated derivatives. It is also possible to use

m xt ures of ng- and/ bi schl orof ormates of the desired bi sphenol or
nono- and/o%ﬁ@yﬁmg?%ﬁfﬁfﬁ!i goreric carbonate m xtures of the desired
bi sphenol . 2, 2- bi s(4-hydroxyphenyl)propane (or bisphenol A) is the

preferable lzi,@.ﬂm%xydm@nﬁgﬁibgﬁgﬁgdi ng derivates of the diphenols may al so
be used. Suitable polyfunction conpounds used in the polynerization of

br anched . :
2,7-dihydroxycarbazole,

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

4-14-[1, 1-
anhydri de,

bi s(4- hydr oxyphenyl ) - et hyl ] - di met hyl bennzyl ], 30t3sptasmiperi2083
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 di carboxylic acid,

1, 12- doded&uitabl d@al:tmowllc @chisi ot dicArBb Qe diahi

I di CESO and i sopht hal oyl ?:‘ echl %%g%ﬁﬁ'éﬁ\”ﬁglngt e

%Y'i"ﬁr 'ﬁf@fb@fewh@st&rfc%bonaiéghmﬂﬁde fisit fxai! e a
tertiary am—nn@dqad/or a phase transfer catalyst, such as

terephtha
synt hesi s

tetraalky
are not
transfer
brom de
be in th
di hydr oxy

| ammoni um sal t. Suitable tertiary anmine catal ysts |ncI ude,
g\tedtotrlethylamne tripropylamne, and tributylam ne.
cat

but
Phase

HW-Jesang digarhxyticacid; e not limited to tetrabutyl anmmoni um

and nethyl tributylammoni um bronide. The am ne catal yst |evel may
e1130gBde %a?tg to about 10 nole percent based on
corrpounéa'f'ér he p lgt’g’@'ct%\cgtﬁsfer catal yst may be in the range of

zero to about

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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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 programred into the batch or continuous pol y@Sr$eriember 2083ct 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 enperat ure, etc.* ﬁgﬁmione errors and devi ati ons shoul d be accounted for.

Unl ess i ndi cated of WIHG examrlesaee st fﬂﬂhgbtprovidepbbeé@férdiﬁafy’%[&é in
EXAMPLE | A thebul @ﬁ\Wim&aﬁp,%sdeggﬁﬁioh#hggﬁ%c0. 25&%{%@%@@ 1 m

out er di areter Sé%'iéll‘.@'ai néess st eel

manuf act ur edM&§? BRA etpianare neatt wad Gk ' ¢ .03 Xi.n

el ement s. Thﬁnﬁ\fﬁé@cépé %%&b t.he reactor vvagféd\fﬁgr@ Igh%hgg "E’Te‘?.”ﬂfgn‘}". The
reactor was nllv nsul at e vﬁ?h f FYERICES regandaas taeir intentionl . EFBRS ARt O
was fed frondeem Mace dor Fa0Es i sgene and p-Cunyl Phenol
(PCP) in mettg | ene, chl ori de, aantg%?l\)léa l""”\j\g"t gésg%gc% QLE'%QP@oF%Qi-oﬁmmmtﬁurrped

| ndependent |5 IRSTRHEE.r @lgo: it SqrEe 2rrre-arub kenigtions | should®ess8eduhtdq et e
bath that wasnigss thdidatdd Sthetifeet B 'slasfecgy \}vgi%hg,etgg%e?gture is in °C.

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 Swagelbk 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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are shown in the table below. The product conposition is reported as parts

by wei ght of the organic phase product. For exanple 48 30 Septenber 2003

wt % PCP=100(wt PCP)!(wt PCP+wt PCF+wt DAC) 4.5 gm m n p-30Heplenmiez2003 Feed

(1): 92.1 gmmn methylene chloride Feed (2):4.2 gnimn COCl2 25 wt % NaCH
Sol ution nol e NaOH nol e Product DAC Product Expt PCP(ppm PCP (W %

Al. 0, 6330. 46- 3. 32 Bl. 24210. 248 Cl. 53360. 228 49

- wt% PCP=100(wt PCP)/(wt PCP+wt PCF+wt DAC)

Feed (1): 4.5 gm/min p-cumyl phenol
- 92.1 gm/min methylene chioride

4.2 gm/min COCl,

Feed (2): 25 wt% NaOH Solution

Expt mole  NaOH/mole Product DAC
PCP
(ppm)
A 10 633
B 1.2 421
C 1.5 -336

49

Product
PCP

(wt%)

0.46-3.32

0.248

0.228 -



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 conpl ete PGP Saptarebarid®f3ar e
achieved with the process of this invention. Exanple 2. A tubular reactor
was constructed as in exanple | except that it conprised two 7 inch (0.18
M sections that contained m xing elenments followed by a 50 foot (15.2 m
section of unpacked tubing. The entire reactor was insulated with woven

fabric. Thi sThebalarcenss tHeedroMaf shown _bel ow. The feeds
wer e cool ed c&?gt@,fo prior to 'l')el nh: |bntro #ggﬂg?%{%gqq‘?é‘sr‘@ﬁ%tﬂjﬁuthQhemdct| on

was sanpl ed 'Wﬂief thes desired ssmdmt TThesehrdsitd Shply fﬂfi J}gﬁ&gﬂ and
5

after the 5 f npacke se t| on. Feed (1) urryl
phenol .92. %ng W A et %s%ﬁ'@ycﬁ? or QOQWPF@MH GCE:I chﬁewﬁ (WiH tﬁé Wt %

NaCH Sol ut i @nocasﬁofrthisa:nhdammﬁml e PCP) 50 30 Septenber 2003 The product
conposition is shown bel ow. The bal ance of the aromatic product was
p- cunyl phenyl chl orof ormate. Sanpl e Poi nt ppm DACW % PCP 7" (0.18 m) 4300. 7

Example 2.

A tubular reactor was constructed as in example 1 except 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) mlxmg section 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,

Fge'd (2): 25 wt% NaOH Solution (1.5 mole NaOH/mdle PCP)
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14" (0.36 mM410-1.2 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 piping. Exanple 3. 3&&apRebe 20838
repeated with 5 ppmtriethylamne in the nethylene chloride feed solution.
The results are given in the table below. Sanple Pointppm DACWM % PCP 7"
(0.18 m5300.7 14" (0.36 mM-0.6 14"+50 Feet (15.6 m6000.5 This shows that
the reacti product is sensitive to the presence of low levels of

triethyl am!A8. Produgh cospnasitien ig 0dRwex defdve. 4 ThEXBARKEe 2o raﬁ"BFr'@ttigd usi ng
i I'gn. The

only the t 5 I and.with the follow ng feed conposi
precool i ng%ﬁ%?@%gaﬁg@gféﬁﬁ%g cgmrﬂg’f@ét%o val ues between 20 and 35 C.
The product conposition was neasured at the end of the second m xi ng zone.
Feed (1): 3adpiyPoint p-cunyl. phaialpQ2- 1 gn min et hyd chloride 5.2
gmmn COCI2 W BEp

77 (0.18 m) 430 0.7
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.

Sample Point ppm DAC wit% PCP

77(0.18 m) 530 0.7
14” (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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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 exanple shows that
the reaction nmay be run over a wi de range of tenperat urd® Septdrobgr 2003

i ntroducing high levels of DACin 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
wi th 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.
The reactor sé inch (25.4 x 10-3 n) inside dianmeter by 5 feet (1.52 m
in | ength. MRle& or was fed with three feedstreanms: a solution 4 w %
p- cunyl phenol (PCP) in nethylene chloride, phosgene gas, and a 25 w%
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 chloroformate synthesis reactor. An agitated pol ycarbonate synthesis
reactor was %ﬁﬂl%@d‘-‘%ﬁtﬂ?mata@t 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.

52



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 mi )30 Semembersie3
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 ycarbonate reactor, the MAC synthesis reactor was flushed with

nmet hyl ene chloride into the polycarbonate reactor. Phosgene and NaCOH wat er

wher e the@mmgg(pbgyﬂi%bmenﬁhl oride flush at 53 30 Septenber 2003

predet ermi ned rates desc Ih thHe table below. After the flows of the
phosgene and NaOH water were established, the nethylene chloride flush was
stopped and a cool ed solution of 4 wt % PCP in nethylene chloride (257
pounds (117 kg)) was punped to the chloroformate synthesis reactor while

mai ntaining th H@f& nd OH water flows to the chlorofornate
synthesis r eact A° TORPRLLE %W%ﬁif?iggﬁ (®the peeparalionoPaRaiptdrsbaak sl or i de,
the chl or @f drateh einterfddials palyvheazadbn s rd ef. i th met hyl'ene
chloride and the f|ows of rJp_r)]’osgene aﬁ@ﬁ?@éﬁ %ﬂ%@%’ﬁﬂ@pﬁ@mm%
phosgene PreRFSRLEr bﬁﬁ_ﬁeﬁaéﬂilwftMéop@Bgdmmnem@cﬂmﬂﬁg %ﬁeﬂﬂti I. a total of
87, pounds (39.5 kg) was achieved. During this tinme, the pH was maintai ned
at 9-11 by addition of 50 % NaOH. After the phosgene was shut off, the

net hyl ene chl ori de phase of the pol ycarbonate reaction was sanpl ed.. The.
resul ting '

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

53



pol ymer anal yzed for di-p-cunyl phenyl carbonate (a DAC) and the résul ts are

reported below. The follow ng definitions are used in the table bel ow
Start Time = Time in minutes after the start of phosgenai%sptemiesr 2088 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

chl or of or mat pregeterminied rategcdeycriBetg Thd/bhEie0 S er ool e of PCP
reactor 54 SOeSé%lpgpﬁbe 0&? B 0 thesed

fed to chlorgformate synthesis

Feed ut 5% NaCPRAFERHS 0y DIRQH Wateimimsa e ablstzab 20 3815 lohs BABASES,c2. 874

72555231. 32. {24 stopped and a cooled solution of 4 wt % PCP in methylene chioride (257
pounds (117 kg)) was pumped to the chloroformate synthesis reactor while
maintaining the phosgene and NaOM/water flows to the chloroformate
synthesis reactor. After the addition of the 4 wt % PCP methylene chloride,
the chioroformate synthesis reactor was flushed briefly with methylene
chloride and the flows of phosgene and NaOH/water were stopped. The
phosgene fiow was continued to the Polycarbonate reactor until. a totai of 87
‘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
chioride phase of the polycarbonate reaction was sampied. 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.

Ryaow = Mole of NaQH 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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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 conpar i39d¥eptembeni08310
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 rat her than p-cunyl phenyl chloroformate is added to the pol ycarbonate
synthesis reactor over an interval during polycarbonate synthesis. Exanple
11 (POLYCARBONATE) 55 30 Septenber 2003 The conbi ned chl orof ornmate
synt hesi s ac an y ona esi s reactor were operated as in
Exanpl e 5 oL ﬁBO%R%E) E% kewg,/ﬁg‘%éges Rgbn si chB}DIDonate bat ches
with the same kiffe enduag | vy@p. The product weight aver&gg nol ecul ar
weight (M,) was neasured for each batch. W were surpr d to find that
t he nol ecuyl ar i ght _was ite consistent, as shown in the table bel ow
For this data g(eat t e st ard d¥iation ct.5the 3Bl ecul 74 wei ght is only
52 Mv units, whi chis conparable to the variability of the nol ecul ar
wei ght nmegsuregent. Rhen tfwe convantional eggcap ition éechnl que is

a

used, the nolecular weight variability is ut 1 Mwv uni
7 2 5 55 25 1.5 2.8 82
8 2 7 55 30 1.5 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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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 @0lSdpbambdk@00as
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

p- cunyl phenkile eamdingich chiataformateusyaihesiy eeastol %nﬁe;bély\%%rg%ﬁﬁ?é %gn Hoé%is?ﬁ! Sr

process

frati b t he.Bussi nk | t d
Coventi on.  THa8Er Jre0BRERIR S it dranie ns<(FOLY GARBGNATE) (ol ovake apl &

i nventi on.

| evel of DaGeriestdfesipgloteartam daltHA Ghn Hﬁé‘%@h%fwuegfesﬁgg'eavgyg,_r(e@gg; ed

by Bussi nk et gl . Process MAC. Addition erva
Total Phosg#feYd Weiah muemopAuplestlar Repgheti (M) Was iRehy @b dsen7eagh or )

We were surprised to find that the molecular weight was quite consistent, as
shown. in the table below. For this data set, the standard deviation of the
molecular weight is only 52 Mw units, which is comparable to the variability of
the molecular weight measurement. When the conventional endcap addition
technique is used, the molecular weight variability is about 150 Mw units.

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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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 |l evel s it Exanples 10-11) This invention has been dé8d&spbarebar2002t ai l
with 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 continuous process for the preparation of nonofunctional aromatic

hal of or mat phbsyeriztioh o - v) .. wherein n is an integer
froml to g g%ﬁj _R,0 pgg?tie‘ggn?gémé%(gg&%gyﬁp@ﬂéqggna@ &Mdsaprieweldonl kyl
group havi H§ reastions reperted by Bussink was $.6Yinol péﬂ:ed{w]fctﬂ ngpAbleeg at

cl gal i phati c group [ cﬁ may &

substitute | Lut ed G :
substi t ut egngér' Wgﬁé%#ﬁé?ﬁ&f lﬁiﬁ AYerHion: sHkstAngalbuthersame mole bercent
subst it ut e(5.8y o MADHS peuAtll FRRAVPCH 82 The'Sbld Baian ' M O
SUDSt !t Ut e(5.8) MO Coangr ngl r@ t%e Sltéiéﬂgg‘rﬁgé}leswgé Ued®: The'2ble Balow
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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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 syste®0 Sanemierdd0facti ng
.contact between 1), 2), 3) and 4) for a tine and at conditions sufficient
to produce a MAH of structure (V). 2. A continuous process according to
claiml for the preparation of nonofunctional aromatic chl orof ormtes

(MAH) havi ng r \C (1) 58 30 Septenber 2003 wherein the carbonyl
hal i de i nt roma.%sélltémqyl chloride. 3. The nethod of claim2, wherein
the continuous process is effected in a tubular reactor having fromone to

four stages. 4. The nethod of claim2, wherein the continuous process is
effected in & tubuantinuous povcassfonthemrepatatiga.of fnorbfenctizabdramatid ai m 2,

wherein the [,én u r?%glbi on. s contains | ess than 50 ppm of
triethylam n@ag .’"ﬁﬁiﬁs eéﬁ’“&@%ﬁ%, wherein in the continuous reaction
system the contact between the aqueous caustic solution, the carbonyl

chloride, the nonofunctional hydroxygronmatic conpound and the inert
organi c solvent is conducted i he %bg@nce of organo- phosphorous

cat al ysts. (Rgp—2 =0
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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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 $3nrierober 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 mwhereincthe carboriyl Halidy Ftritices is 6abBAYINShibsds el ected fromthe
group consi sting of phenol, t-butyl phenol,:p- cunyl phenol, chroman, and a
m xture thereof. 9. The nethod of claim2 wherein the nonofunctional

wher o n the canti nupeananeenY, whdBlfie itinidls BRACHS € srEc@aha | o

coupled to a heitutdr neattorduavingefremaont tocfoiipstagls 30 Sept enber 2003 11. The
net hod of claim3. wherein the residence tine in the conti nuous reaction

systemis from0.5 seconds to 30 seconds per stage. 12. The nethod of claim
3, wherein thg rest ' Wl i r | stgm.ig.from
0.5 to 10 sechnds poe gl B pidh iR BUSSR NIRRT hiotReS IS hiBkRE i &

resi dence ti ntbutarireactoo havingone stagecti on systemis 0.5 seconds to 30

seconds. 14. The nethod of claim4, wherein the residence tine in the
continuous reaction systemis fromO0.5 to 10 seconds. 15. The nethod of

claim 2, whergin tKe prethe8 % clithd, W‘f’eréﬁ%_fé RBntinuous 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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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 monofunctional hydroxyaromatic conpoundOayepi¢gmberddised
into the reaction systemat a second nolar flowrate ratio of from1. 1:1
to 3:1. 16. The nethod of claim2, wherein the weight of the nonofunctional
hydr oxyar omat 1 8- cokpeunethodiafclaim 3.ovhereinthiegesidence timet inthgzantingsws/ent i s

fromO0.5:99.5 20: thod. o aim2, wherein the strength of
t he aqueous c%le&gpﬁ@ s@%&nﬂq %%aﬁ%g%@ggﬁd%g’aéﬁﬁﬁ?“%ﬁ’%réﬁgeﬂ& The method of
claim2, wherein the contents of the reaction systemare naintained at a

tenperature of_ below 60 C. 19. The nethod of claim2, wherein the carbonyl
chloride i s phdsgehie method ofielaimtd; whergintheiresidencdtimeiin thé eohtiuidusor gani ¢

solvent is s ; romthe onsi st.ing of pentane, hexane,
cycl ohexane, qﬁ%g@%ﬂéy&?& EJF%"%?‘268§QB?@$§)@% 9888 xyl ene, chl or obenzene,
di chl orobenzene, nitrobenzene, chloroform nethylene chloride, and

m xtures thereof.._21. The nethod of claim2, wherein the inert organic
sol vent is nethyl effie mathed ptidaim 4, wheesindhie cesidéncs tirheni the\bentriuoust eps a)

and b) are c G LRl . The, net hod of claim2, wherein

t he process ?ggg%%fg{(sg%hggldaﬁggﬁyé{v gg’seconds.
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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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 3¢dapteniier@80Bon
atons, an aryl group which may be substituted or unsubstituted, a

cycl oal i phatic group which may be substituted or unsubstituted, or an
aryl al kyl gr o¥fenp: ¢Homipengens gighiorahenzene, nitraberesne, shiofofoime et hod

conprising th p Wel reacgtion system conprising a reactor
consi sting e@ggﬁrﬁig@? %’og#eaér%bﬂ’f‘g&sraggﬁ ¥ and a nmeans for conveying
fluids through the reactor; the tubular reactor having an input at the
upstream end 2zind a]r) outlet at the downstreamend; b) introducing into the
tubul ar reactdl at Mg aathed of elaint 2e wihesein dberineshorganicesaiventris amethylene i si ng
an inert orgady@gosé)l vent and a nonofunctional hydroxyaromati c conpound; 61
30 Sept enber (5 ‘c) introducing into the tubular reactor a carbonyl
chloride; d) introducing Into the tubul ar reactor an aqueous caustic

solution; e) gffegtin ontact between the carbonyl chloride, the

nonof uncti on -hyi@&&fﬂﬂéﬂc‘da%%‘ﬂbﬁ@'@ﬁtﬁpﬁ@ afglk)are condustedc sol uti on
for a time pgymgﬂamsﬂ. conditions sufficient to yield the MAH product.
25. The nethod of claim?24, wherein the reaction systemfurther conprises

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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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 fi3PSiepanas@les and
upon exiting the first precooler is fed to the mxer, and wherein the
aqueous caustic solution Is fed to the second precooler, the streans
exiting the firstchnd intesdusingintcihel tubelabetavtora datbonyhehlotdey ar r eact or .
26. The nmethod of claim 24, wherein the carbonyl chloride is introduced at
the upstream end of the tubular reactor. 27. The nmethod of claim 24,

wherei n the aqueogp caitidduck) iHid B8 thBulat Ridcsh P doddous Caushie Sofignend of

the tubul ar reactor. 28. The thod of clalm?24, rei nyl
chloride is dissolved in the feed streamtthat is introduced at the

upstream end of the tubular reactar. ,29. The thod,of .claim 24, wherein
tE\e carbonyl chl ofl de ?Ee‘gms‘iféﬁ%. b\%we%ﬁ'w 88%@?%%'%'?4 wher ei n st eps
b) through e) are condﬁﬁhgmncﬁbﬁwlﬁm&%ﬁ?tiégggﬁgﬁﬂﬁgﬁﬁﬁo aﬁ@?ﬁuél; The

met hod of cl ai m 24, wherei n the car ori uncti onal
hydr oxyar omat i ¢ conpoutaisiicsoiutiandotadiong period aAed atibonditions sufficientta  a

first nolar flow rate [r.ati fon 05:1 to 10:1; and the caustic and
t he nonof uncti onal hy#jgwﬁPMH@@é% ound are introduced into the
tubul ar reactor at a second nolar flowrate ratio of from1.1:1 to 3:1. 32.

The net hod qf_ cl a1i,m 24, wherein in the reaction system the contact
25. he method of claim 24, wherein the reaction system 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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bet ween t he aqueous caustic solution, the carbonyl chloride, the

nonof uncti onal hydroxyaromati c conpound and the inert organic solvent is
conducted in the absence of additional catalysts. 33. Th® $eRI®BEEHR00S ai m
24, wherein the continuous reaction system contains |ess than 50 ppm
triethylamne,_ 34._The nmethod of claim24, wherein in the reaction system

34.
the contact ®bt m@hemhadl%@@ﬂ%ﬂhafemmtdaMnyﬂ chlotidetama/thechl ori de,
th f ' ' d d.the i t ' | t
0% conduct od "PABRIncEUAEOYNACE bl SARRRINA S It dad ottt
met hod of cl aieackt at @ irsemoldrowre ¢t bEfremef .G§ﬁ§o?‘fﬁ:i",ﬁ€|ﬁ]& g-?é %ﬁ%- The
edin's

nmet hod of cl ai 4, wherein the process I's opera %r that
t he Reynol ds %{%@rmpaommnﬁdwdr@tmmnaﬁo@ompauname festrdndustee ing thiem 24,

wherein the pg, | enyl. chloyoformate. 63 30 Septenber
2003 38. The rretiﬁm o%éé‘if‘t:ﬁ‘ %éé%fdj%hrﬁ@?" E‘%ﬁﬁ?q‘%i’ﬁ k15t @3:df recovering
a product stream conprising paracunyl phenyl chlorofornmate fromthe outl et

end of the tg?ul ar, reactor. 39. A tubular reactor systemconprising: a) a
t ubul ar reactér hgﬁwemqgﬁ'aiéh%ewhemImthedmsﬂiareaysteanm@odn@bt | east

one input angefied - aps to.lntroduce carbonyl chloride,
Saucous caner P Sorfﬂﬁ %@?EOL&%EIC BlutiBRe & carbonyl Hside,
monofunctional hydroxyaromatic compound and the inert organic solvent is

conducted in the absence of additional catalysts.

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.
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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 tBA&eptamben2002act 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 Reynolds nunber of 200 to 20,000. 64 30 Septenber 2003 40. The system

of claim39, wherein the length to dianeter ratio is at |east 10. 41. The

systemof claim39, wherein the length to dianmeter ratio is at {east 20. 65
The method of claim 37, further comprising the step of recovering a

- product stream comprising paracumyl phenyl chloroformate from the outlet
end of the tubular reactor. '

39.  Atubular reactor system comprising:

a) a tubular reactor having an &pstream 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.
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40. The system of claim 39, wherein the length to diameter ratio is at least 10.

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