(54) Title: BATCH PROCESS FOR THE PRODUCTI ON OF POLYCARBONATE BY

| NTERFACI AL POLYMERI ZATI ON [err] (57) Abstract A nethod of preparing a
pol ycarbonate conprising the steps of, a) charging at | 8asteriersbesi2008r oxy
conpound, an inert solvent, water,

BAT;CH PROCESS FOR THE PRODUCTION OF PCLYCARBONATE BY
INTERFACIAL POLYMERIZATION

FIELD OF THE INVENTION

This invention relates to a process and apparatus for the continuous
preparation of monofunctionat 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 preparation of a
polycarbonate, in which the process for continuous preparation of
monofunctional aromatic chioroformate products is coupled with an interfacial
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 relatesto-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.

BACKGROUND OF THE INVENTION



tic, carbonyl halide, and catalyst to a vessel, and maintaining the pH
g?uts}]e reactionym' xture between about 4 and about 12 durin chargi ng, and
b) within an interval of between 0 and about 90 % of th@&5t¥rpi¢mberny|
halide addition to the vessel, activating a reaction systemthat produces
nonof unctional 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 systemis coupled with the
vessel, and where nmeans are provided for delivery of the MAC fromthe
reaction systemto the vessel. 25 Septenber 2003 BATCH PROCESS FOR THE
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chl or of or FEPRUYS BaRRYCEdyysing ailydexyacomntip eodears . such as p-cumyl phenol.

Diaryicarbonates 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 moiding cycle times compared
with polycarbonate that is substantially free of DAC. Further, because DAC
can sublime, a polycarbonate 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 aiso di(alkylphenyl carbonates)?nddi(arylphenyl)carbonates.

In making monofunctional aromatic chloroformates, it would be
desirable to minimize production of by-product DAC. .This would enable. the
monofunctional aromatic chloroformate to be used in a subsequent
polymerization reaction without first being purified by such methods as
distillation. In fhe following discussion, the term “MAC" or “MACS” refers to a



BACKGROUND OF THE | NVENTI ON | 25 Sept enber 2003 The introduction of

nonof uncti onal aronmatic chiorofornmates into. a polyner synthesis provides
a means to control the nolecul ar weight of the pol ymer 2§ c>eidernbrigdd3 | n
general, the greater the quantity of endcapping agent introduced into a
pol ymer synthesis, the |ower the nol ecul ar weight of the pol yner product.
Monof uncti onal aronmatic chiorofornates are particularly suitable as
endcappi n ts in interfacial polycarbonate synthesis because they
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produced using a roxyaromatl C en s p-cunyl phenol.

Di aryl carbonates have a | ow nelting point, conpared with the gl ass
transition tenperature of polycarbonate, and are therefore the |ast
conponents to freeze during a polycarbonate nol ding operation. Therefore,
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carbonates can |lead to undesirable effects, such as "plate out™ in which
the DAC f4SSnNRAXMeiZations| di ng cycl es condenses and deposits on the nol d
and |l eads to blem shes in subsequent noldings. The term "DAC' as used
herein is understood to include also di(al kyl phenyl carbonates) and

di (aryl phenyl ) carbonates. |In making nonofunctional aromatic chl orof ormates,

It woul d be
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 pheno! compound are
then added while maintaining the temperature at a value in the range of 3to 5
°C. The pH is maintained within a desired range by addition of an aqueous
caustic solution. Excess phosgene is then depleted from the product by
reaction with caustic. The production of MACs in U.S. 5,399,657 involve long
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 chioroformates by the reaction of phenols with phosgene in the presence
of organic phosphorouscompounds. 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.

U.S. Patent 4,864,011 (Bussink et al) discloses a method of
preparation of an aromatic polycarbonate with a MAC endcapping agent.
According to Bussink, the MAC is either present prior to phosgene addition, or
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desirabl e to m nim ze production of by-product DAC. .This would enable. the
nmonof uncti onal aronmatic chlorofornmate to be used in a subsequent

pol ymeri zation reaction w thout first being purified byzélﬁﬁwt@f’él?ﬁ&@%as
distillation. In the follow ng discussion, the term"MAC' or "MACs" refers
to a 2 25 Septenber 2003 nonof uncti onal aromatic chl or of ormat e conpound ar
m xture of nonofunctional aronmatic chiorof ornmate conpounds. Known process
for the production of MACs by an interfacial process include the batchw se
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chl or of orchvatgisgby the reaction of phenols with phosgene in the presence of
or gani ¢ phosphorous conmpounds. The process requires long reaction tines,
and the addition of a catalyst,' such as the organi c phosphorous

It would be desirable to develop a process whereby the MACs may be
produced directly, without the need for purification, and in a continuous
manner. It would be even more desirable to develop a continuous process
whereby the MACs could be produced in an “on-demand” manner. This
would permit direct coupling of the MAC process to a batch or continuous
polymerization process, particularly a polycarbonate synthesis process. Such
a directly coupled process would be desirable because it would avoid the
risks associated with maintaining an inventory of MAC and phosgene-
containing materials associated with MAC production.

An on-demand process for MAC synthesis would further provide a significant
reduction in both phosgene exposure risks and cost of production compared
with a batch process for MAC synthesis. None of the disclosures discussed

above meet these criteria.

It would further be desirable to develop a process requiring shorter
processing times to produce the MACs that may be coupled with a continuous

or batch process for polycarbonate synthesis, respectively (without




conpounds, necessitates. extra process steps to recover the catalyst from
the product. U S. Patent 4,864,011 (Bussink et al) discloses a nethod of
preparation of an aromatic polycarbonate with a MAC endéapfnignbgeif03
According to Bussink, the MAC is either present prior to phosgene addition,
or 3 25 Septenber 2003 is added at a single point in the batch .
pol yneri zation reaction to produce polycarbonate with | ow DAC. This
process, however, has several disadvantages. In order to deliver MAC to

the pol ynmirficatibRbf tRAGIALCY t@tpr@dq@qoagjrhaecﬂomaungdww DAC RSkt 4AR | zat i on,
t he MAC nust be synthesized, purifie and stored. Further, delivery of a
quantity @¥odeally. a specific point in the batch process usually requires
an additional apparatus for storage and charging. It would be desirable to
devel op a process whereby the MACs may be produced directly, w thout the
need for purification, and in a continuous manner. It would be even nore
desirable to devel op a conti nuous process whereby the MACs coul d be
produced It womtd atso- bie desiddbledordavelotha provesd th which éxadilertmotenyidri ng of

the MAC RLOCESS t t%atch or contjnuou l. rreri.z%;'tri, on process,,
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wi th maintaining an inventory of MAC and phosgene- containing materials
associ at edeviatian pithey madeeuiaobweight 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
molecular weight viscosify; therefore maintaining the molecular weight in a
narrow range results in the maintenance of molecular weight viscosity in a
narrow range. lt is desirable to maintain the molecular weight viscosity in a
narrow range to contfrol processibility of the product. For example, narrow
control of the molecular weight viscosity over a series of product batches
would enable a mok_jing 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
readily appreciated when considering the following disclosure and appended

claims.

In a first aspect, the invention relates to a continuous process for the

preparation of monofunctional aromatic chloroformates. (MAC) suitable for use



An on-demand process for MAC synthesis would further provide a significant
reduction in both phosgene exposure risks and cost of production conpared
with a batch process for MAC synthesis. None of the di séPoxapteBbeidssed
above neet these criteria. It would further be desirable to develop a
process requiring shorter processing tines to produce the MACs that may be
coupled with a continuous or batch process for pol ycarbonate synthesis,
respectively (without 4 25 Septenber 2003 purification of the MAC) to
produce aagpendeappidpugents!iowoitecsymtieadis.dndnegembodjnadrit] the ihtentionl d al so
be desirabLg t o _devel op. a Brocess i n.whi ch excel | ent ?Dlecular, wei ght
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achi eved. hﬁﬂé rHdyid asured by the standard
devi at i onao a?i%éﬂh%rlo’gru ar (%@g)hr@v#dogfthgséggﬁt%rg f batches. Good nol ecul ar
wei ght control, i.e. control of the variability of nolecul ar weight of the
pol ycar bonate produced in a reftion or series of reaction, is directly
related to control of t | efTlChr wei ght viscosity. Ml ecul ar wei ght
det er m nes nDIeculﬁhtmegééggvpscq$jty; t heref ore mai ntai ning the nol ecul ar
weight in a narrowrangetesults i'n the maintenance of nol ecul ar wei ght
viscosity in a narrowrange. It is desirable to maintain the nol ecul ar

wei ght viscosity in a narrowrange to control processibility of the
product. For exanple, narrow control of the nol ecul ar wei ght viscosity
over a series of product batches

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 aryialkyl group which may be
substituted or unsubstituted, the method comprising the steps of

a) introducing

1) an aqueous caustic solution;

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 a MAC of structure (I}.




woul d enabl e a nol ding machine that is processing pol ycarbonate fromthese
batches to operate for extended periods of tinme w thout adjustnent. BRI EF
SUMMARY OF THE | NVENTI ON The present invention sol ves t&esteraehre®83 and
provi des further surprising properties. These and further objects of the
invention will be. nore readily appreciated when considering the foll ow.ng
di scl osure and appended <clains. In a first aspect, the invention rel ates
to a continuous process for the preparation of nonofunctional aromatic

chl oroformates. (MAC) suitable for use 5 '25 Septenber 2003 as endcappi ng
agents in polyner synthesis. In one enbodiment, the invention relates to a
conti nuous process for the preparation of nonofunctional . aromatic

chl orof ormate (MAC) having the structure (1) wherein nis an integer froml
to 5, and R represents hydrogen, a branched or unbranched al kyl group
havi ng from 1- bGancthboembodimsentathednyéntiprotgtatesitd ch nay be substituted or
unsubstituted, a cycloaliphatic group which may be substituted or

nsubet i + BBy hiBded K ine ePel ot o Bac bRRbeL BelRets an
aqueous céwmsdtuee @plastdaiimed above, EaNMPASING thdkmpsds; 3) at | east one
nonof uncti onal hydroxyaromati c conpound; and.

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 a feed stream comprising an inert organic soivent and a

monofunctional hydroxyaromatic compound,;
c) introducing into the tubular reactor a carbonyl chloride;
d) intraducing into the tubular reactor an-aqueous caustic.  solution;

e)  effecting contact between the carbonyl chloride, the monofunctional
hydroxyaromatic compound and the aqueous caustic solution for a time

period and at conditions sufficient to yield the MAC product.




4) at |east one. inert organic solvent into a continuous reaction system
and b) effecting contact between 1), 2), 3) and 4) for a_tinme and at
conditions sufficient to produce a MAC of structure (I¥°eSeniersaei2008er
2003 I n anot her enbodi ment, the invention relates to a continuous process
for the preparation of an MAC product having the structure (I), as defined
above, conprising the 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 reactgr at the input of the upstream end a feed stream
conpri si 1§ arctNgeAMkediment thel nventigm delates Aof i fubuian deapipdr s¥sjemomat i ¢
conpoumxc&%pﬁgﬁdoducing into the tubular reactor a carbonyl chloride; d)
introducing 1nto the tubular reactor an- aqueous caustic. solution; e) -
ef fecting 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 MAC product. 7 25
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least one input and at least one output;

b) means to introduce carbonyl halide, aqueous caustic solution,
monofunctional hydroxyaromatic compound and inert organic solvent to the
reactor; the carbonyl halide, 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 characterized by a Reynolds number of about 200 to
about 100,000.

The invention further relates to MAC prepared by the aforementioned
methods, reaction systems:utilizing the method coupled. with' polycarbonate

polymerization systems, and polycarbonates produced by these systems.

in a second aspect, the invention relates to a the preparation of
polycarbonate products in a batch interfacial polymerization process coupled

with the continuous process for the preparation of MAC products, and a
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conprising a) a tubular reactor having an upstream end and a downstream end
and at -|least one input and at | east one output; b) neans to introduce
carbonyl halide, aqueous caustic solution, nonofuncti ofalSeptatmbmc@abdnat i c
conpound and inert organic solvent to the reactor; the carbonyl halide,
aqueous caustic solution, nonofunctional hydroxyaromatic conpound and
inert organic solvent in the tubular reactor conprising a reaction m xture

. ¢) meansetfoctohemtrdiirg treavdriabiityior dlecdibF Qesht!inG Sad 8f ol BREL O .

under tg;t%ull]ent .fl(%w conditions characterized by a Reynolds nu
about 200°3G"CHYY0Y RISPTEERES- The i nvention. further relates to MAC prepared
by the aforenentioned nethods', reaction systens. utilizing the nethod
coupl ed with polycarbonate polynerization systens, and pol ycarbonat es
produced by these systems. In a second aspect, the invention relates to a
the preparation of polycarbonate products in a batch interfacial

pol yner i zat i odNpPR e&Ebedinrd thei invettien cetates umeshqy Qﬁeﬁﬁeﬁa@m]gt e
preparati and a 8. 25 Septenber 2003 nmethod o

controll ipg)glctgk%%g?;&é I ﬁ@tgﬁ ﬁiﬁ?%etjl ar weight in a series of product

bat ches using this process. In one enbodi nent, the invention relates nethod
of preparing a polycarbonate conprising the. steps of

a} 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 4
and 12; and
b) within an interval of between 0 and 90 %

of the total carbonyl halide addition to the vessel,
activating a reaction system that produces

monofunctional aromatic chloroformates
(MAC) and continuously introducing the MAC to the
'vessel within the interval of 0 to 90 % of
the total carbonyl halide addition to the vessel;
where the MAC reaction system is coupled with
the vessel, and where means are. ;:;rovided'for
delivery of the MAC from the reaction system to
the vesseil. :

The invention further relates to a method of controlling the variability of

the molecular weight by repeating the process for the number of desired -
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a) charging at |east one di hydroxy conpound, an inert O{Qanig so!vsnp,ing
wat er, caustic, carbonyl halide, and catalyst to a vessel, and nmaintain
the pH of the reaction mixture between 4 and 12; and b%5#epigmbes2008t er val
of between 0 and 90 % of the total carbonyl halide addition to the vessel,
activating a reaction systemthat produces nonofunctional aromatic

chl oroformates (MAC) and continuously introducing the MAC to the vessel

within t hbatches with substarifally thétsaine e ohloaRRP RAlidabhgicAddy i on 1o

t he vesse e the MAC reaction systemis coupl’ed wth e vesSsel, and

-~ Wher _
wher e. rre&'ﬁ‘:gaagé'.’e PANeeeeRt. delivery of the MAC fromthe reaction
systemto the vessel. The invention further relates to a nmethod of
controlling the variability of the nolecular weight by repeating the
process for the nunber of desired 9 25 September 2003 batches, with
substantially the same ampunt of carbonyl halide, caustic and MAC and :
inert organic 18 futher embadiment, itee inventidn relates tohe nigtedtds plepafiaj es to a

met hod ofy BLARAHAGte comprising the steps of :

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

b) after step a), simultaneously introducing a carbonyl halide and a caustic to
the vessel containing the reaction mixture while maintaining the pH of the
reaction mixture between 4 and 12;

¢) within an interval of between 0 and 90 % of the total carbonyi halide
addition to the vessel, activating a reaction system that produces
maonofunctional aromatic chioroformates (MAC) and continuously infroducing the MAC to
the vessel within the interval of Q to 90 % of the total carbonyl Halide
addition to the vessel; where the MAC reaction system is coupied- with the-
vessel, and where means are provided for delivery of the MAC. from the
reaction system to-the vessel.

The invention further 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.




a poyl carbonate conprising the steps of : a) charging a vessel with at

| east one di hydroxy conpound, an inert organic solvent, water, and
optionally caustic; thereby form ng a reaction m xture;2b)Sepfangrer208p a),
si mul t aneously introduci ng a carbonyl halide and a caustic to the vessel
containing the reaction mxture while maintaining the pH of the reaction
m xture between 4 and 12; c) within an interval of between 0 and 90 % of
the total carbonyl halide addition to the vessel, activating a reaction
system t hat produces nonofunctional aromatic chioroformates (MAC) and
continuously introducing the MAC to the vessel within the interval, of O
to 90 % of the total carbon halide addition to the vessel; where the-
MAC r eactBRIEFSDESSRIPTIQONUP é’dﬂE\ﬂ%WdN@S vessel , and where neans are
provided for delivery of the MAC. fromthe reactlon systen1to t he

vessel . V. 0 r n the

vari abi I ﬁ@ﬁja@ Frg Ia Q ecu% dweq% 8@)9}]? %ngﬁaﬁgglthéf B}% V%Q' % he
nunber ofprdmmemc)by@fmmtmumus br(md@st antially the sane anount of car bonyl
hal i de, caustic and MAC. 10 25 Septenber 2003 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIGURE 1 is a schematic di agram of one enbodi nent of the invention
to produce MAC by a continuous process. FIGURE 2 is a schenmatic di agram of
one enbodi nent of the invention to produce polycarbonate, in which a

cont i NUOYRGRIRIE &8 % hOsdHePdatd didiframSof one embodiment of the invention to
produce polycarbonate, in which a continuous process to product MAC is
" coupled with a polycarbonate synthesis reaction.

DETAILED DESCRIPTION OF THE INVENTION

The present invention may be understood more readily by reference to
the following detailed description of the preferred embodiments of the
invention and the examples included therein.

Before the present method and apparatus are disclased and
described, it is to be understood that this invention is not limited to specific
systemic methods or to particuiar formulétion_s, as such may, of course, vary.
It is also to be understood that the terminology used herein is for the purpose
of describing particular embadiments anly and is not intended to be limiting.



coupled with a polycarbonate synthesis reaction. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention may be understood nore readily by
reference to the followi ng detailed description of the2prespégmiegr 2003
enbodi mrents of the invention and the exanples included therein. Before the
present nethod and apparatus are disclosed and described, it is to be .
understood that this invention is not limted to specific system c nethods
or to particular formulations, as such may, of course, vary. It is alsoto
be under st ood lrhitts tspecifieatvmandgy hseclaines @thich folichqrrefdrenpeinbbde  of

descri bin riicul ar, enbodi nents, .onl nd. 1S not. intended,,to. . be
limting. fa é§e§t RUGRET ?ggﬁ"f‘ﬁ whied é}?@cg‘?i@ﬂegnt%ﬁav?ﬂﬁ?h@ﬁlewm% whi ch
follow, refeanpgce Wll be made 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 otherw se.

“Optional" or "optionally" nmean that the subsequently described event or
ci rcunstance may or may not occur, and that the description includes

i nst ances wher g e 81 §L1% AC B I ere it
does not. " Nbl-ggé%?rg%ﬁr:ﬁgmgi g i riEHer efqggr ﬂ?n&%fgﬂnglnrégé}squgﬁi%se
st at ed. "thextontextaleariyglictatespethatwise!’ i s defined as the tenperature that a

“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 otherwisé stated.

“Mixture average temperature” is defined as the temperature that a
mixture of two or more combined streams achieves at equilibrium under
adiabatic condition's, i.e., with no input or loss of heat,

An “on-demand” process, as used herein, enables production of the required -
amount of product.during a specified time interval. An on-demand process is
idle before and. after the;..speciﬁed}-time-' interval. An on-demand process
produces usable product from the moment it is started up through the time it
is shut down. An on-demand process may also be operated continuously
over an indefinite time interval, in order, for example, to feed a continuous
polycarbonate synthesis process with MAC endcap.

12
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m xture of two or nore conbi ned streans achi eves at equilibrium under

adi abatic conditions, i.e., with no input or |loss of heat. An "on-denmand"
process, as used herein, enables production of the requé? etePtemiri?003f
product during a specified tine interval. An on-dermand process is idle
before. and after the:. specified. tine interval. An on-demand process
produces usabl e product fromthe nonent it is started up through the tine
it is shut down. An on-demand process may al so be operated continuously
over an indefinite tine interval, in order, for exanple, to feed a
continuous polycarbonate synthesis process with MAC endcap. 12 25

Sept enber 2003, A "nmopof unctional hydroxyaromatic" species, as contenpl ated
herein, cont & nQCROLNG P%aimﬁﬁﬁﬁ&x%oﬁﬁa@iﬁpSB?C’ﬁ?scﬁ%ﬁWte%af@dl herein,a MAC,

t hi s hydrexydins h&alhy e W ;O Of OF, term
"pol ycar bonat e" b?sih%geha} O?i%)g)gplﬁaﬁﬁg{ mg@x?io%g‘é%'arl ’ES‘ ﬂ%\g}é gﬁ@%"r&ﬁ

horopol y ¢adisahiareplagad withe) pbloyefetreatesgroupat es. The terns "endcappi ng
agent" and "chai nst oppi ng agent” are used interchangeably. A "sem -batch"
reactor receives an initial charge of materials, after which one or nore
reactants and optionally solvents are added to the reactor during the
course of the reaction. Such reactors, however, are often referred to

sinply as " bafltie" tereatpycarbdiete! asnBsecohbriNi ifiddés efpolpaadbnafiise Used

i nt er changeabl vy t hr oughout the rest of the specification!
h%mopdycarbonﬁes and (co)po yestercarbonate%.

‘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 io the reactor
during the course of the reaction. Such reactors, however, are ofteh referred
to simply as “batch” reactors. The terms “batch” and “semi-batch” are used
interchangeably throughout the rest of the specification.

Throughout this application, where publications are referenced, the
disclosures of these publication are hereby incorporated by reference into this-
application in order to more fully describe the state of the art to which this
invention: pertains. |



Thr oughout this application, where publications are referenced, the

di scl osures of these publication are hereby incorporated by reference into
this application in order to nmore fully describe the s2atSepigmbei088t to
which this invention: pertains. 13 25 Septenber 2003 In one aspect, this
I nventi on concerns a continuous process for the production of MAC
endcappi ng agents useful in polyner synthesis, in particular in

pol ycar bonat e synthesis. In another aspect, this invention concerns a

process for tHa gmedspetpnhisoinventiore abheaates dontimtibed prodE<aC Rt Sthkor
pr oduci ng%rhédrox aronnatic hal of ormat e endcappi ng agents is coupled with a
reacti on RQAYEliart Gf %%dﬁ@‘ij?ﬁ?pﬁﬂﬂ yRGAM® nasafubin dpelymer. syrthesisudos Process

for the Pﬁﬁl&ﬂé}ﬂ GcaVBSS tésﬁ:ﬁg{gs ned, in a first aspect, the invention
concer nsF{ e prep;t)rd;¥c|; on % pE%ducts by an continuous process. The MAC
products are suitable as endcapping agents in a polyner synthesis.

"Reaction system and "reactor" as used in section (1) of the
specification refer to the continuous process for the production of MACs

suitable for i . is, nd the equip t used to produce

t hese product Lsfﬁ%nﬁﬁ%m%%%ggéﬁ@d&ge?ﬁgge?@ggﬁ ﬂ@ro%%dg‘gﬂ?%ﬁr‘ﬁf“cbﬁ@ |

pr oduct s oft pelycarbuiates t inondhiciy 6r QrYEEsRMEbf CpioRBRIN thyldPE&ar8mikigcuUr sor to
the MAC  product, may be reacted away as it is fed to the reactor in order
to nai nt dyapformate endcapping agents is “coupled with a reaction system for

producing polycarbonate product.
l. Continuous 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. “Reaction system” and
“reactor” as used in section () of the specification refer to the continuous
process for the production of MACs suitable for use as endcapping agents,
and the equipment used to produce these products.

In semi-batch processes for the production of MAC products, the
monofunctional hydroxyaromatic compound feed, a precursor to the MAC
product, may be reacted away as it is fed to the reactor in order to maintain
the: concentratian of the: monofunctional hydraxyaromatic: compound at a law -
level. In this way, it is possible to minimize the DAC formation reaction
between the monofunctional hydroxyaromatic compound and the MAC
product. ' '




t he concentration:.of the: nonofunctional hydroxyaromatic:. conpound at. a-
low level. Inthis way, it is possible to minimze the DAC formation
reacti on between the nonofunctional hydroxyaromatic coRPoiRiiErabrl 2088 MAC
product. 14 25 Septenber 2003 In contrast, in one enbodi ment of the
continuous process of this invention, all of the nonofunctional :
hydr oxyaromati c conpound is fed to a single input in a plug flow reactor
system and reacts as it proceeds through the reactor. As the

nonof uncti onal hydroxyaromati c conpound di sappears by reaction, the MAC
concentration increases. Therefore, there is a zone in the plug flow

t both the hyd ti d MAC ti .
T ani 11 caficoiEshan PReRNRITEINE 8 FiesEomlnts Fraress QbR aRHaD. ahe
product i o thé%@ntﬁﬁn%é{“ﬁyh%xg?rd[r)ﬁ%i@?@rﬂﬁohﬁ@‘is tetd 8afidé iffudyet woul d

contain a high concentration t was unexpectedly found, however,
t hat the plugrfloanteactdrosysbémDaT reaath @spit pooesedst throkghe e reacios psocess was

extrenely, |ow Lcal,l.y jn the range of abput 300-600 ppm (parts per
m1 1 on) theaPinet B i Rl feeBP oo HisapPaatk by "RRRASR
particul anaC coResrtalion BEreises OCTRGrefdre! thavel ikda MiFe Imeie ipfuglflbact |y
coupled to a polycarbonate synthesis process In a continuous process

accor di ngegstorhwhere sbothis e t hydrokyrromatice mndoMALL cRasentipienuI@®pect edl y
e L L L S LU
rate of DAC would be rapid and that the reactor product 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
percent of unconverted monofunctional hydroxyaromatic feed remained in the

reactor product, relative to the weight of MAC product.

It was further unexpectedly found that the times for reaction to produce
the MAC-were very low.. Typical reaction times-in- the-batch- process to-
produce MACs are in the range of about 30 minutes to 60 minutes. In one

embodiment of the present invention, using a tubular reactor, the reaction of

15



percent of unconverted nonofunctional hydroxyaromatic feed remained in the
reactor product, relative to the weight of MAC product. It was further
unexpectedly found that the tines for reaction to produd® Septenbar@00der e
very low Typical. reaction times in - the. batch process to. produce MACs
are in the range of about 30 mnutes to 60 mnutes. In one enbodinent of
the present invention, using a tubular reactor, the reaction of 15 25
Sept enber 2003 hydroxyaromati ¢ conpound to chl orof ormate was conpl ete |n

about 1 tﬁ¥c§'ox§%ﬁ%i& cérﬂ Q@ﬁ&h? c‘?‘?%bfd?ﬁ]a?é' %@EO%I%@M%&!{WA@QC’# d h| gh

I mportant to naintain atlve w tenperatu

| evel s ofsmdsornatlon, for I nstance, tenperatures in the range of bel ow
about 10 to 15 C. It was wunexpectedly found that | ow DAC product .coul d be.
obtained in the continuous reactor systemof the invention even when the
reactor was operated adiabatically and allowed to achieve the boiling
tenperature of the solvent. In one enbodi nent, in which. the solvent is

ampor i ¢ of L he S0l vent - abont a6 Coap TS BT on oG nrel ey evel o

E)fe rrgigat lﬁﬂ?ﬁ:@wﬁyf' Eﬁb?ﬂ%@e@a‘rﬁg l'ofgg;qeﬁé@ ayojskligh i@‘h@S of éb%ﬁﬁtfor matiar, ifon r el at es
agent s uanpareey (SBEERGresCh HeE e or B BgRIT H el ol R e
formul a (wnexpetledly found that iow 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 chioride, 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 (1):

O\
/ \ ’C"'CI
Ry _ o

where n is an integer from 1 to 5, and R, represents hydrogen, a branched or
unbranched alkyl group, having from 1-15 carban atoms, an aryl group which
may be substituted or uhsubstituted, & cycloaliphatic group which may be
substituted or unsubstituted, or an arylalkyl group which may be substituted
or unsubstituted. Endcapping agents produced by the method of the present
invention include, but are not limited to, pheny! chloroformate, t-butyl pheny!

16



where n is an integer from1l to 5 and R represents hydrogen, a branched
or unbranched al kyl group having from 1-15 carbon atons, an ar gr ou
which may be substituted or unsubstituted, a. cycloali %a‘ﬁRﬁe"gg@LﬁW%\hl ch
may be substituted or unsubstituted, or an arylal kyl group which nay be
substituted or unsubstituted. Endcappi ng agents produced by the nethod of
the present invention include, but are not limted to, phenyl
chioroformate, t-butyl phenyl 16 25 Septenber 2003 chi or of or nat e, p cunyl

chi or of ocARk&formBte] FREuhl HIGRSFRItE, cliedn EHIGRYOrmRdte, 6@twbhmﬁ

chioroformate, or a mxture thereof; nore preferably pheny chi oroformate
p-cunyl obhgr pherylaekiorafermaatei >aruaernmﬁléﬁee&ere@i/eﬁorﬁ)rmefer@wf phemily p- cunyl

phenyl chi uct ur r ei e ed to as
Voo, TheniruBBAtS: prfR Eororibieh bt oyl uord T R0eh PEEETS
system egesterdisy ng-camye ssitinyithlorefsraiate rCompGLIm@eafemﬂ@@tpm NG agent i S
produced in_continuous manner by interfacial reaction. By "continuous" it

i s meant heraip relegegitaassMAGS- i ntr oduced and products are withdrawn

sinul taneously fromthe reaction system Further, the products may
optionally be withdrawn in their entirety fromthe nonent that the reactor
systemis started up through the rmrrent that it is shut down, which has
the added advantage of supplying MACs "on-demand” to another process,

particul arly dheiproeesnof Hie ingtany davapdinatie copdueiediin apraasten systear eact i on
e e BmerisiRLR YEPsaldr Vesefih WniBR NS BhaBHSHIRG HgRnt s BrddiBel T Product

I nt roduc
continuous manner by interfacial reaction. By “continuous” it is meant that

reactants are introduced and products are withdrawn simultaneously from the
reaction 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 infroduced 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.

The reaction system has an upstream inlet or input for introduction of
feed and a downstream outlet, for recovery of product. Optionally, there may
be inlets to the reaction system between the upstream inlet and the

downstream outlet for introduction of feed.



synthesis reactor over a tine interval, the reaction system may be coupl ed
with a continuous polynmer synthesis w t h the MAC product_ introduced into
the continuous pol ymer synthesis reactor at a rel ativel§y Sepiekai20pat e
indefinitely, or the MAC product nmay be stored in another vessel for |ater
use. The reaction system has an upstreaminlet or input for introduction of
feed and a downstream outlet, for recovery of product. Optionally, there
may be. inlets to the. reaction system between the7 upstreaminlet and the
downst r eaMheusystent allowstfoo the tidoatinedud eestuctiodSoyamteeabial r@g@tdnTbe system

[ f t dyct b rfacial reaction of MACs, the
o oduct | nAAGH t5E Reuisa i aiac lavel oAGcnd Ghester a&wmonas

hyd

ydr oxyar gugbk @H&?fé%aﬁhﬁ}coﬂfe’ BRI A5BESs ey e gde}mee. i, i

equi pment "arra genent a Continuous 7eact! on may
i ncl udi ngaMUBqulomentrartaf@emﬁm ig evhics acﬁorttsnuousmemﬂ:oamnaydm efiedtedpact ors

(CSTRs), bul r.series of tubu). react or.s ne or, nore | oop
react ors 'Pﬁ ? g’é"t / 55?“*8@ 19 |5 serigs n%'i Ww6F 'ﬂﬂ‘ %@%ﬁ?da (BRFgrs
reactors, (casm@)l WYRIBLRAC FHCtORBH REried wtﬁbm@r&ey@tb?é éﬁ@%%oﬁé‘fbo}ﬂ
agitated colum. The reaction syste rise nore than one stage, and

cool i ng d€apkrs inseriesapd@idaraiel o ngﬂmrﬁl TRe@gldrtubuimyewom‘ faect ed

ontisry raasn retiol MUkt P FReat RBo e 4 PhialbriRlrbs Biser ot i on-
For exanmpleactior &yst@m myde@mpdséﬂﬁﬁb@ymtahe@té siigecend ddviihgi s delest |y

coupl ed to a batch
mtroductlon 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 example,
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 étartup 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 electrolytic cells, but several hours are required to start up a
chlorine cell, and the by-product hydrogen level is elevated. for much-of the
startup interval. |

The continuous pracess to. praduce. MACs, as- described herein, may be
optionally operated as an on-demand process. Altemnatively, the continuous
process of MAC synthesis as disclosed herein may also be used to producé
MACs for storage and subsequent use in, for example, a polycarbonate

synthesis. If desired, the MAC may be isolated from the reaction product

18



pol ycar bonate synthesis reactor, the production rate of byprodgcts, e.g.
DAC, during MAC synthesis nust be low during the entire tinme fromstartup
t hrough shutdown. In contrast, nmany known conti nuous r%%cﬁqpéﬁm?ﬁf@@ggses 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 chlorine cell, and the by-product. hydrogen |evel

i s el evarmture asingmueh kodwh peostsses usucmas distillatidrhend detantatioa. Eh@cess, to:
produce. s, described herein, may be optionally operated as an _
on- demnm@@@t Mgy B? ?ﬁe\f;'éﬂ%fl"’c% a%@rﬁqmlﬁh@ a golyeater 3% ameatsynt hesi s
as di scl qgaid. NefepreféRBIASReALHERAC Soliigd ¢F % ui%lfa?lh whigrage and
subsequen;Gi use i nﬂ,) for exarrple'te‘\'fe a %yce}r bonat eq synt hesr's. ﬁ-q%%y red, the
MAC may WHehpsisaary watempresent battel MAG figeidar salutits, She MABHIqQURDOB i Xt ure

usi ng mkb’“@ﬁ%{’@[@??ﬁ@ﬁ%. such as distillation and decantati on. The MAC

product Ry nitely as a solution in a solvent or as a neat
liquid. It is preferable to keep the MAC solution or liquid cool and

water-free. |If there is any water present in the MAC liquid or solution,
the MAC |iquid or solution should be acidic. It should be noted that the

For NG BrbiuE PEACKLEL Tt [RSenter Be ROt BISHICHERR RIMbSHEIA on. - For

exanpl e, of BoRfMUELPFHCERBES %br MIC I JRSEMIdI thal 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
reactor may be operated as either a continuous or an on-demand reactor.

The products of the continuous process for MAC production may be added to
a polycarbonate synthesis prior to or during a batch polycarbonate synthesis.
In one embadiment of the.invention, a.reaction system in which the.
continuous process for MAC production is-effected is coupled ‘with a batch
polymerization reactor, and the products of the MAC reactor are charged to
the batch reactor before or during the polycarbonate synthesis.



contii nuous reaction process that conprises a tubular reactor with a short
residence time ( preferably 0.5 to 30 seconds) is followed by a surge tank
with a long residence tine (preferably greater than ab%ﬁ;ltS&Gtamt_rﬂntQQQ&. Thi s
process for MAC production is continuous but not on-denmand. This process
could be coupled to either a continuous or a batch polycarbonate synthesis
process and woul d have the advant ages descri bed herein of MAC synthesis in
a short residence tine tubular reactor, but would not have the advantage
of avoiding an inventory of MAC and residual phosgene. In contrast, a MAC
production reactor that conprises a short residence tinme tubular reactor

i t hout downst ream.surge tank) that is directly coupled to a
ém ycgrboﬂ%‘?é’%ﬁ?h% |oqsgg(’tk18rre @%%yﬁﬁ‘é‘rté’t%r@d%eéh@mcﬁ reantienuous or

an on- denggibd, %@a@tgéneré(@etagy s%éﬁnc%ﬂﬁisc&m b@ g&&:ﬁ? dbQthdfhC

producti on may be. a pol ycarbonate synt 0 or durlng a
bat ch pol fiearrBaetiare bedessithe danbomd e:htmxdlerrmnd olhet haonofumtlomi a.

Rt o AT al b, RGeS 565 TaAC el Hhaend s vt
of the Miroaradircstredmts ShesriRd the rdagoRa ;@iénﬁ ?@fe%bl?ﬁa@'éea ixflitei ng the

pol ycarbonate synthesis. 19 25 Septenber 2003 The process co |t|ons in the
react i on a4psagerfead tnroprraturete thw\w:gmpf aboutv-aﬂl"éljto abhduigéd &Camgreany

process con |t|on e ed that the reaction between the

car bonyl Qrﬁfj é’HgBt E:et 8‘1‘@% eoﬂ eq( SFeRN) F SHeams caNpiBURe occurs

to prOdU%rb&Wf“’@ﬁioﬂﬂ@?‘%ﬁér’: Shfadieesbivent, 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 system,
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
system. The temperature at which any particular system is maintained
depends on the particular solvents, reactants, cooling means, etc.

The reaction system may be cooled- or operated adiabatically. Suitable
cooling means include a cooling jacket, a pre-cooler heat exchanger, a heat
exchanger in a recirculation loop, a heat exchanger between sections of a
multiple reactor systém; or a reflux condenser. The: reaction' vessel or
vessels may be cooled, or heat may be removed between the reaction
vessels, if the system comprises more than one stage. For simplicity in both
design and operation, it is preferable to operate the system adiabatically. In

20



stream or streans entering the reaction systempreferably have a m xture
average feed tenperature in the range of about -10 C to about 40 C nore
preferably about 0 C to about 25 C. The feed stream or 24 Septembkay2088n t he
carbonyl chloride, inert organic solvent, aqueous caustic solution, and
nonof uncti onal hydroxyaromati c conpound entering the reaction system The
tenperature of the mxture in the reaction systemis preferably maintained

bel ow about 6-& C, m)recﬁégferabl bel ow about 50 C. The term "m xture" as
used her &iFHet & arhievg agiabalichraasiar eanditipnsy &g reantionywessel orivesselsi ng, but

not 11 m tiagy b indl8teRALBRING o ARk Tidustidlprigppl ant s and the - caustic. As

the reaction is exothermc, tenperature o € reaction mxture

i ncreases as the reaction mxture is conveyed through the reaction system
The tenperature at which any particular systemis naintained depends on
the particular solvents, reactants, cooling neans, etc. The reaction system

may be cool ed oper adi thcally, Sujitable  copling, means include a
cooling j acketl:fﬁoar F)bre"?tg’:%dg*cé'rgﬂh@g tbéchef#agﬁ,s %Wgatthee%(,arqagggﬁn] ' a

reci r cul atieamsd omy, optiohally bexaixeddsr sWBHE AixiRgthéans iRtludingrBlitiidy e
reactor system or a reflux condenser- The reaction vessel. or vessels nmay
be cool edMiGd =3 ifdiney stalie ienandermotifce mbwr Asrmentienad Jeedf t he
systemc loes o] Ji EGLt Y. g0 bot esi.gn and
oper atl onTepnt; SobPided SRBaRRS & Wineh et elab i Wi RilprlSihn" 20 25

Sept enberenkiy) thedeaction sysieay, aratimaydhclade emet o moan dirbapsentefigg r eact i on
vessel or vesseTI S . . .
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, ane embodiment of the invention, thé mixing
intensity is often characterized by a tube.Reynolds number, defined as:



may ‘be insul ated according to typical industrial practice. Prior to
introduction into the reaction system the feed streamor streans nay
optionally be m xed by suitable m xing neans, includi ng2bfeptasoberi2068t ed
to, an in-line or static mxer, and an orifice mxer. As nentioned "feed
stream 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 mxing zone may be established before the reaction
system the regghion system may conprise a nmixing zone, or both. Wiile in

t he react Mgn=system the nmixture is preferably agitated at an intensity at
| east sufficiedf to prevent segregation of the aqueous and organic phases.
| f segregation occurs, the conversion of the reactants to the product wll

be reduce he, agj Mol { he aqueous and organi c phase shoul d be
regul at engE%h@t hgfthgLos eergéemf s not wasted by increasing its hydrol ysis

rate, which nhysekéign vglociy dheoyply dile (cmesesk nixing . In a tubul ar

reactor, . one.‘g@g@gﬁjoﬂmhsi\gj( tfyecy i nvention, the mxing intensity is of ten
characteri zed J a tubeRe F s nunber, defined. as:. 21 25 Septenber 2003

no :
NRc _ Dvp wher & THOtORyASCHFIBHEMI R 3§)Y = sol ution vel ocity through tube
(cm/ sec) p = solution density (gm/ cc)

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 system 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/ar an
alkaline-earth metal base herein referred to as- a caustic compound. The
caustic compound- is preferably introdubed 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 hydraxide. 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.



p ='solution viscosity (gm/ cm- sec) It is preferable to maintain the

t ube Reynol ds nunber in the range of about 200 to about 100, 000, nore
preferably in the range of about 200 to about 20, 000. %hSantstnkere008 t he
reaction systemnmay be agitated by mechanical m xi ng neans, or
alternatively, static mxing elenents may be placed in the reaction
vessel. Static mxing technology is discussed in "Advances in Static

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

Engi neer iThg Booeotes saustid wolltiddbis preferabhc intooducedpintduhe ddEinueasi res an
al kali netal  base and/or an al kal i{;e- earth tal base herein referred to

as a caudteliafyBysieny. In mheepamier skeamniimdthes stigast ssitpiinchitheduced as
' | Fdes Sty 0 aqueous
an aqueog@?rﬁﬁHﬁétI&ﬁ]‘ﬂg’flg%%rorﬁgﬁ@ dophptlrid Snd Ctie Eﬂ;(%?rgnx?@g%ﬁ@a%mg

caustic utiron pre conpri ses potassium um

hydr oxi deasahyhihatide.edn oherarobodimentntheosquenusf eaustit \solutimdstomarhyisir oxi de.
Thee aquequs, causti ¢ solution . preferably has a strength of. apo 10 to
about 80 METiEdSat fed Bodteaf nBlf oF (B8 achion SudieriAErasaY: doe el gnt.
per cent . adgedbs SansedTBekItidR GireHAe ndlt BeURtreaUSdd Gt AL YIdiRNol kit gher ably

I ntroduced into the continuous . reaction systemin a separate stream from

the stredhn ceamtignnsysiemnshichulomsnitel westion jal tos wastemiof dhe oapoendl and t he
stream caBlids Bhadn *?ﬁon&ﬁé&%}}éi hYatdEromBti® WnpEoRd' B%8kn hGuABUSOUS

caustic sob@% |%on s%r eam |
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
preferable 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 mbnofunctional
hydroxyaromatic compound and inert organic solvent, a second precooler to
establish an input temperature for the aqueous caustic solution, and a mixer
that is coupled to the first precooler and the carbonyl halide feed stream. The
monofunctional hydroxyaromatic compound is preferably dissolved in the
solvent.in:this- embodiment.- The agueous caustic solution.is:-fed.to.the second..
precooler. The cooled aqueous caustic solution and the exit stream from the
mixer are then fed ta the reactor, preferably a tubular reactor.

in the continuous process described herein, it is common for the reactor
product to contain some unreacted carbonyl chloride and some unreacted
caustic. As caustic is preferably introduced in a separate stream and caustic

is needed for the conversion of the monofunctional hydroxyaromatic.
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i ntroduced at the upstreaminput of the reaction system Alternatively, the
aqueous caustic solution stream may be introduced at any point or input in
the reaction system which allows the reaction in the syé@ émplTMhen@084r bony|
hal i de and t he nonofunctional hydroxyaromati c conpound to formthe MAC

The aqueous caustic solution streammnmay optionally be split into two or

nore streans which may have the sane or different nolar flow rates. These
streans may be introduced at different points in the reaction system It is

pr ef er ableompound toothecMAQ) 6t & pessislectaucdrito] Hed wixtem ofttheéaeasfiord, iy upstream
inlet of the reaction system_ln one enbodi ment of the invention, the

react i on SYWEEIRG. Pt A SHIVRIb SEFiAe o dhe reador byeadivsiing the esepestipsiofan i nput

t enper at Lga@,sflggomhgn%ng%qﬁét%hmhydroxyarorrat|c conpound and i-nert
organi ¢ solvent, a second precooler to establish an input tenperature for

t he aqueous caustic solution, and a mxer that is coupled to the first
precool er and the carbonyl halide feed stream The nonofunctional
hydr oxyaromati c conpound is preferably dissolved in the solvent in: this

enbodi ne T [ t ed- sec nd, ,
precool e?j eggb%?ﬂfég%%gg%sﬁéaﬁes%?ws &[Pq %’ﬂs h-be Q{é&é" scfar"g‘ fhfromthe
m xer ar éntrddceteidtd thet feact@asgation. remtﬁéabahé)amo@mmﬂ RfdroBREbRfatic! N the
conti nuous rocess escrlbed her ei n, is common for the reactor product

to contai® duandsethet fead hengaies me(tﬁmaee%ﬁaes%t@nh of elgmparatusaust i c.  As
caust| ¢ liforBhed f ik ol OFHE ReinbBrauReRd W%ﬁ&@é%fdﬁ&%ﬁégyﬁ%' s

needed for the conversion t he r oxyaro
towards MAC synthesis and away from DAC format:on 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 chioride and caustic are
introduced into the reaction system at flow rates which are based on moliar
ratios to the monofunctional hydroxyaromatic compound feed rate. Thus,
carbonyl 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..

The ratio of the molar flow rates of the carbonyi chioride, such as

phosgene, to the monofunctional hydroxyaromatic compound into the
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25 September 2003 conpound to the MAC, it is possible to control thg ext ent
of the reaction, or conversion, in a given section of thgierpgggl;q?(rﬂﬁ)o%u dor
adj usting the proportion of caustic solution added to £h M3 Un

substantial ly adiabatic reaction conditions, the amunt of c?ust i C
i ntroduced into the reactor section relative to the amount o . Cent of
hydr oxyaromatic conpound and ot her feed species determ nes the exte

' [ [ itivity of the
rencti o' Scroutf SRS, I PHRleRRE o nathe’ T Anig) Socin DRC. norat i on | <
Do e par st ane  Lhe monber oo SOV RS pHIE AP il Hod T Lo 1 ©
5§o??ﬁ3d 3§%Pf6@ﬁ?§}| nyn%rsa@éjofﬁm H@éﬁﬁﬂ,o%bétestdfotﬁ@.caustit:G(ESrydq@_is.@{]%nttshe ,

[ i tNeD L ic.are introduced.into
onction Systamat e R Rer R PR Rl fombund “iefiectsacion ne.

monof unct SYHEM hy drefeyably feam catmnphindtd eeduf 3t€. MHHRS prefg,a{lb%pgpgnbgzél’ i gﬁd

[ t ormation of undesired side products, suc :
L G AP R e S5 i o s o s o
procedurelimiwhi ch primary attention is given to nmaintaining the nolar
flow ratios of the,. caustic- and: carbonyl halide to.. thF. dar
nmonof unctional hydroxyaromatic conpound feed rate, with only secon thg
attention being directed to pH These ratios may vary depending on t and
desired quality of the product solution, production rate requirenents,

the operatingTRar &mpshénts’ m=yebbeR 18 "heY P aston system in separate
streams, or alternatively, some components may be combined prior to
introduction into the reaction éystem. For example, the carbonyl chloride 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 chloride is mixed with the inert organic
solvent prior to introduction into the reaction system as a homogeneous

solution. In ancther embodiment, the carbanyf chlaride is mixed with. the inert .
organic solvent into which has been dissoived at least one monofunctional

hydroxyaromatic compound, whereupon the mixture is fed as a homogeneous:
solution. The carbonyl chloride may alternatively be introduced into the

reaction system in the form of a gas. The agueous caustic solution is

preferably fed to the reaction: system' in a separate” stream from' the' input:
stream or streams containing the carbonyl chloride and the monofunctional

hydroxyaromatic compound.
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The ratio of the nolar flow rates of the carbonyl chloride, such as
phosgene, to the nonofunctional hydroxyaromatic conmpound into the 24 25
Sept ember 2003 reaction systemis preferably from about23 Sptemhies 2863 ut
10:1, nore preferably fromabout 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 the nonofunctional hydroxyaromatic
conmpound in the reaction systemis preferably fromabout 1.1:1 to about
3:1, nore preferably from about 1.2:1 to about 2:1, even nore preferably
fromabout 1.3:1 to about 1.7:1. The conponents nmay be fed to the reaction
systemin sepafﬁ%f streans, or alternatively, sone conponents nay be

conbi ned pri orl_ r@%?ttiPBcﬁY@i‘?‘Bqum@rb‘fﬁsh@of‘éé 0 SResgidgenfeabmanbepl e, the
carbony! i idedeinthe HULIBRIIEIN HeMabn B YALOTREAY iffiitRoYRd By each
ee an the

be introduced in one or nore streans, I nput a upsStream end
of the r@icmoon ofsihet fotlowingit agueduspoaustic aolutipoj ritert rorgheicr salgehipn syst em
no), ar. ined in the reaction

Th Ll ti h t be maint
system  CAROTIL el 1% monttiattional hydronrromelic SomRRncy8 86 | n one
enbodi mermbdditenfrthe hivertidnomsi @'%Bmaﬂéé%ﬁbr%hiﬁhté?ﬁnﬂ%ﬂi?ést fr8fd8Re ¢o SOl vent

prior to introduction into the reaction systemas a honbgeneous sol ution.

| n anot hé@urestB@Rl-nent, the carbonyl chloride is mixed with. the inert
organi ¢ solvent into which has been dissolved at | east one nonofuncti onal

The monofunctional hydroxyaromatic compound may be introduced
into the reaction system as a solution, 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 fo 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
chloride, such as phosgene, may be dissolved in this stream. Alternatively,
the inert organic solvent and the hf}droxyaromaﬁc compound may be
intfroduced in separate streams at the input of the reaction system at the
upstream end, or éach stream may be divided into two or more streams and

introduced at input points along the reaction system. -



hydroxyaromati c conpound, whereupon the mxture is fed as a hompgeneous
solution. The carbonyl chloride may alternatively be introduced into the
reaction systemin the formof a gas. The aqueous caust?e Sepiembas0038
preferably fed to the reaction system in a separate- streamfromthe

I nput stream or streans containing the carbonyl chloride and the

nonof uncti onal hydroxyaromati ¢ conpound. 25 Septenber 2003 If the reaction
system conprises nore than one stage, feed nay be introduced into the

reaction syst eThdeésigence in@est theeeactin nikiEke!ie tih foacdibnRYsterdfis 1€
foll owi ng; agueous caustic solution, inert organic sol vent car%on I

chl ori de, (URGHOMGH ¥olieelris flaw Fgter thrgugto the rea ioRmRystam. |1 tlmeléea@mbdl nent ,

t he i nven [ c fromone to

st ages. esq‘%gn%f %n@?j!)grl{a{ee{? ftg(g{/édggéra{b &g%S@ﬁic?'ng'%@ ﬁ ﬁtqf {f\.‘?ced into
t he reactneantcxrystagnbasvmeibltmltameveas desioéd desidenge "he, afd thefBbit Ur e

t her eof . e weight of the upct i onal hydro aromati ¢ conpound i nput

to the re%{h"?%a’gﬁg figygm V'@I@D{]@'@ eSireAdMAEi BFRJUSE- the inert organi c sol vent
input to the reaction systemis from about O0.5: 99.5 to about 20:80. The
nonof uncti onal hydroxyaromati c conpound may be included in whole or in

part in the inert organic solvent streamintroduced into the reaction

system In one enbodi ment, the nonofunctional hydroxyaromatic conmpound is
di ssol ved in Pegign n@QﬁS'@?TQH@lﬂ ctheb| arencoamaon He piugedlow geaeldrs nare an i nput

o ons ! BB ) EERAsRle! iR THBRELPREREHS Enbirdlle??d) Y8n ' W) Gnid"*" !
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 residence 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
undesirable side products, such as DAC. Optionally the feed stream(s)
entering the reaction system may be purified by acid extraction; any of the

feed streams may be purified by passing the desired stream over an
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preferabl e that the nonofunctional hydroxyaromati c conpound conprises from
about 1 to about 20% by wei ght of the solution. Optionally, carbonyl
chloride, such as- phosgene, may be dissolved in this s2% &aptember 2003
Alternatively, the inert organic solvent and the hydroxyaromatic conpound
may be introduced in separate streans at the input of the reaction system
at the wupstreamend, or each streamnay be divided into two or nore
streanms and introduced at input. points: along the reaction system 26 25
Sept embeRds@rbgntripedr igsrerpave fraeramines.hia addiionoit isi alsor preferablee to eact i on

system i ' yol ' .OW rate through the reactjon system
If the ré\é@fj i%HQICé?@@%%%ﬂéﬂa%%qsgqé%@%sc?B'P'?e%dPC Pﬁ@gawgtﬁf{@’t?%ngt h and
di anet er tofqudiernarearheoniay  S&its airide quiateraght PHOsPhERRING eshifsesagtence tinme
and thereby achi e%e an optimumyield of the desired MAC product. Design
consi derﬁféflaé‘ﬁ'ﬁh%ﬁp QFUSEHAYELS 0 pl ug fl ow reactors are described by
Levenspiel in Chem cal Reaction Engi neering, John Wley and Sons, 1962.
Preferably, the length to dianeter ratio of the tubular reactor is at

| east about 10, and nore preferably at |east about 20. In the present
invention it was surprisingly found that the residence tine in the reactor
is not criticQptionailyalbiea sigaption i prgtuct eumd behdteated naith daithence  tinme

in ther WM ot r t rodyct. In eral, the reacjion
occurs aﬁ'%%g%'gy érté‘?%; ’%’ﬂ‘zﬁ‘ﬁﬁgﬁ%&r &Z\%ptr%%#'(ﬁ’gne@df‘fgﬁgoﬂh the, Process: Bﬁ may vary
from abothis Gnvertiepohds dufficdntyt |30 BACONSRIPES B¢ agd WthduPrfafseabl y from
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 tdbular reactor
is horizontally displaced. Feed stream 1, containing monofunctional
hydroxyaromatic compound and solvent are fed to precooler 3. The product
of precooler 3 and feed stream 2 containing carbonyl chloride, such as
phosgene, are fed to mixer 4. A separate stream of an aqueous caustic
solution § is fed into precaoler 6. The effluents from mixer 4 -and.precoaler 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) rhay be further processed, or it may be directed inta a
polymer synthesis reactor, for example a polycarbonate synthesis reactor.



about | to about 10 seconds per stage. It is preferable= }30 mai Bt ain: 'tIhF
reaction systemat substantially amne free conditions. By "substantially
am ne. freg" it is meant that. the flowrate weighted &% dmEpipmidr 20688 ani ne
| evel s, including but not limted to triethylamnnes, 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
amnes in the reaction systemleads_to _undesirable side products, such as

DAC. Opti onal | {¢ REOGEsS8 fssshawmins FIGHRE: }rngy breopasated eontinuousty rmaydbg
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fracti onafhedMAC| pratiuctnstsamr mig bd Rehasteat diftsttyning @ Yorp@irbgRdteon. i . e.
i

a pol ycarbonate synthesis. |In one enbodi ment, the process of the Instant
i nvent i orfynthesin@acta 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 specification. The
polycarbonate synthesis reactor may be operated either continuously 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 12, 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 chainstapper is added to the palycarbanate
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 chloroformate being added at a single point in the

batch polymerization process.

The following discussion sets forth the reactants, including caustic, and

solvents which are suitable for use in the preparation of the MAC products
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in a tubular reactor systemas illustrated in FIGURE 1. The tubul ar reactor
may be situated in any manner; however it is preferred that the tubul ar
reactor is horizontally displaced. Feed stream 1, cont&? aptpmber 2003

nonof uncti onal hydroxyaromati c conpound and solvent are fed to precool er

3. The product of precooler 3 and feed stream 2 contai ning carbonyl
chloride, such as phosgene, are fed to mxer 4. A separate stream of an
aqueous caustic solution 5. is fed into precooler.6... The effluents, from

m xer 4 asdtahbe éwamesss etdcapping agentsedThapartidutart coviperentedetotibed . The
diagram of reactor 7 includes mxing,elements . jn the reactor. Optionally,
t ubul ar r%@c‘%&ﬁ}”?{rﬁé\}e RErPQsks AnkY. &id theePrayideddists areonet iniandsd todict or 7,
cont ai ni ngxkR4iRtYAC product (product stream) may be further processed, or
it my be directed into a polyner synthesis reactor, for exanple a

pol ycarbonate synthesis reactor. 25 Septenber 2003 The process as shown in
FIGURE 1 nay be operated continuously or in an on-demand manner, dependi ng
on the intended use of the MAC product. If the process is operated in an

on- derand renneisat HENORRIGIAHEWH bR A RNy GRARIRLE Yt e S

i s being conduc In a separate produc nt r oduced
into the ysHd/inatheqratess sf/thiehresent iaaention thupiepard MAQ ee gepiseatedst ep of

t he batc | ycar bonat e synthesis, and then stopped prior to conpletion of
t he pol ﬁg&f@@?’gﬁ@fgﬁ%ﬁrﬁula (¥|9ie MAC product stream may be .delivered directly
into the pol ycarbonate synthesis reactor wthout the need for further

purification. As shown in FIGJRE 2, a tubular reactor system nay be
connected in series

7\
(Rnn—Q}}”

where n is an integer from 1 to 5, and wherein R, represents hydrogen, a

branched or unbranched alky! 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. Itis preferred that'nis equal to 1 and thatR}is
present in the. para position. '

Monofunctional hydroxyaromatic compounds. as: defined in. formula. (Il)
include, but are not limited to, phenol, p-tert-butylphenol, o-cresol, m-cresal,
p-cresol, o-ethylphenol, p-ethylphenai, p-cumylphenol, chroman, p-

octylphenol, p-nonylphenol, o-napthol, (-napthol and mixtures thereof.
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to a polycarbonate synthesis reactor 17. One enbodi nent of the batch

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

pol ycarbonate synthesis reactor may be operated either dofispiamhesi2@0dr in a
bat ch node. In the continuous operating node, the product fromthe reactor
7 is continuously introduced into the polycarbonate synthesis reactor 17.
In a batch operating node, the polycarbonate reactor may be charged with
nmononer, for -exanpl e bisphenol-A (BPA) 11, solvent 12, catalyst 13, water

14, phosgPrsfedbd mdAofhclignsiohgd@xyatdmatidlcepuunds af Phepbpsesulyn US
Patent 4, 864,011, incorporated herein by reference. In the polynefization
di scl osedPhenal, peatnayl iphenol.\eleropkal. nand psiures thereefl p-sutmé pheobl isar bonat e
synt hesi s | fter 20 to 80 percent of the carbonyl halide that is to
be addedm?ﬁ@%%fgﬂeﬁés been supplied to the reactor. Each exanple in
4,864,011 shows the entire charge. of chloroformate being added at a single
point in the batch polynerization process. The foll ow ng discussion sets
forth the reactants, including caustic, and solvents which are suitable

for use in th ratdon. of .the MAC pr.oducts 29 25 Septenber 2003

suitabl e for ﬁ%@iﬁgﬁm‘%ﬁﬁmagﬁéﬁ E.SngrlH h%&’f%%lpipc%%wﬁgaﬁﬂ?sgﬁte_scri bed
are for iddeusst hitv@ toUspBORH cHibiidesrslichngs Phoybéles ddrBbayiab@ni@é, i nt ended
to be exhaustive. Suitable nonofunctional hydroxyaromatic conpounds which

may be uEBONY ioskidesr eabeBYbLflupride prrd gnixtures etiteress. t cOfhespaadoNpC ar e
represent gfsrdes including diphosgene and triphosgene 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 the 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.
Chloroformates are the most preferred.

Suitable inert organic solvents for use in the process of the present
invention include any inert organic solvent which is substantially 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 hydracarbans, such as chlorobenzene,
dichlorobenzene, and nitrobenezene; chlorinated aliphatic hydrocarbons such
as chloroform and methylene chloride, and mixtures of any of the

aforementioned solvents. The aforementioned solvents may also be mixed
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by the general fornmula (I11): (RL OH Il where nis an integer from1l to 5,
and wherein R, represents hydrogen, a branched or unbranched al kyl group
having from 1-15 carbon atoms, an aryl group whi ch may2beSeptamhert2fed or
unsubstituted, a cycloaliphatic group which my be substituted or
unsubstituted, or an arylal kyl group which may be substituted or
unsubstituted. It is preferred that-n is -equal to 11" and that-Rl is.

present in the. para position. Mnofunctional hydroxKar.omat i ¢ _conpounds.
as; defi ndth ethers.dingluding lput not limited, tetetialiydeaferanot Chioninated! akiphaticenol |

b~ et hyi pitli At EO8% Ayt BRIGER. aBfiERe metBIStBRenes. b monyl phenol .
a-napt hol, (3-napthol and m xtures thereof. 30 25 Septenber 2003 Preferred

nonof uncti onal hydroxyaromati ¢ conpounds are phenol, t-butyl phenol,
p- cunyl phenol, chroman, and m xtures thereof; p-cunyl phenol is nore

preferred. Suitabl e carhonyl haljdes for use in the present process,

el ude. but - Eeraasion trpfedtae e adtiies g alie! Paciahbasd BREGSene.

car bonyl 4y aiikafife-earh RRR! badiieinCAiiboay ltofds ar balast@Nd TRE XS4l t her eof .
O her carbonyl chlorides including di phosgene and triphosgene are al so

sui t abl e.cormuytpshis preferably introduced as an aqueous solution comprising the

alkali metal base and/or alkaline-earth metal base.

Suitable alkali metal compounds which rhay be used as a caustic in the
reaction system include, but are not limited to, sodium hydroxide, potassium
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, calcium hydrogen
carbonate, barium hydrogen carbonate, magnesium hydrogen carbonate,
_strontium hydrogen carbonate, calcium carbonate, barium carbanate,

magnesium carbanate, 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 wt% to about
50 wt% of the agueous caustic solution, preferably between about 15 to about
40 wt%. The most preferred caustic is sodium hydroxide, and the aqueous
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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 s&} &apiaieiies 26808 he
introduction of the feed streaminto the reaction system It is therefore
possible to prepare other hal oformates, such as bronoformates, etc. by the
process of the invention. Chloroformates are the nost preferred. Suitable
inert organic solvents for use in the process of the present invention
i ncl ude a@apstiaadutiongardferably womprians dromsalkeuis auwit% aiol gbouts 40ubt% in
wat er and iner% Eo t he process conditions. The inert organic solvent should
al so be SOPHHBiH ¥ the reaction conditions and should not react with
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
such as toluene, xylene; substituted aromati c hydrocarbons, such as.
chl orobenzene, dichl orobenzene, and nitrobenezene; chlorinated aliphatic
hydrocar fpons Bibh PocesTopithePrRIdhcIRIM B ﬁ%@y%@da@@bf{?ﬁeﬁaﬂa‘lr es of
any of the aforenentioned solvents. The aforenmentioned Solvents may al so
be mi xed Polymssizabioar 2003 with ethers, including but not linmited to
tetrahydrofuran. Chlorinated aliphatic hydrocarbons are preferred, in
particul ar nethylene chloride. The reaction to produce the MAC requires an
al kali metal base and/or an alkaline-earth netal base, herein referred to
as a caustic. The caustic

In a second aspect, the present invention concerns the preparation of

polycarbonate products in a batch interfacial polymerization process coupled
with the continuous process for the preparation of MAC products as set forth
in section | of the specification, and a method of controlling the variability of
moiecular 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 formula

O—0O

—0—R 0
I

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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conmpound 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 which may be used as a caustic in the reactiéh SgpiarabariZ9@Bude,

but are not limted to, sodi um hydroxide, potassium hydroxide, |ithium
hydr oxi de, sodi um hydrogen carbonate, potassium hydrogen carbonate, A
l'i thi um hydrogen carbonate, sodium carbonate, potassium carbonate, lithium

carbonate and m xtures thereof. Suitable al kaline-earth netal conpounds
whi ch mayrasicalged Pasfesaltliusach Rnis tare arematiconrgayic eadicat | ante, mbre are not

limted t r i um hydroxi de, magnesi um hydroxi de,
stronti urr@ﬁ';(cgi'%lgﬁ)i%g%é]%%logi h%\?q{gﬁﬁ%gen carbonat e, barium hydrogen

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

cal cium carbonate,. barium carbonate, magnesium carbonate, strontium
carbonate and m xtures. thereof. The strength of the aqueous caustic
solution may be varied, ovve\@er is preferable that the caustic conpound
conprise from about 10 v@c‘%to abo 50 W% of the aqueous caustic
solution, preferably between about 15 to about 40 wt% The nost preferred
caustic is sodium hydroxi de, and the aqueous 32 25 Septenber 2003 caustic
solution preferably conprises from about 15wt %to about 40 wt % sodium
hydr oxi de. H. Batch Process for the Production of Polycarbonate by

| nt er f aciwherefolepakiAzand da is a is a monocyclic divalent aryl radical and Y is a

bridging radical in which one or two 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 phenylene, preferably 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. lIsopropylidene is the more
preferred. Thus, the more preferred polycarbonates are those comprising
residues of 2,2-bis(4-hydroxyphenyl)propane, also known as “bisphenol A”. In
one embodiment, the polycarbonate is.a homopolymer of bisphenol 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 also be utilized in the
polymerization.

Polyfunctional compounds may also be introduced into the reaction to
produce, for example, branched polycarbonates.
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In a second aspect, the present invention concerns the preparation of

pol ycarbonate products in a batch interfacial polymerization process
coupled with the continuous process for the preparati off depigaas2688ct s as
set forth in section | of the specification, and a nmethod of controlling
the variability of nolecular weight in a series of product batches using
this process. Pol ycarbonates which nay be prepared by the nmethod of this
invention typically conprise structural units of the fornula . 0 11 ORO
Clll wherein at |east about 60% of the total nunmber of R groups are
aromatic organic radicals and the balance thereof are aliphatic, alicyclic

or aromatjc, 33,25 r 2003 r ferably, each Ris an
aromatic bPYGATEON g‘?ﬁpc’QF” H@ ﬁﬁc?"@a{i %‘B‘P" etﬁs’r amw é&ﬂ)'cﬁw fredyendul a A Y
A2 1V mherneerrace@@hbfdtherrea&?od of & eérbanwoﬁaméclétﬁhdéy?h %eﬁéyéné afli cal and
Yisa brid lgl\(lan(gdralca in which one or two carbonat Me separate A,

n

and A2. gp sueh asnbigpbenalefi nethe peesaticeyal axgtmrmhatendaa@pmgmds of
L onr e, A MBSt Bt b AR 5 GRR8A% Plento
phenyl eneat thecbeginhing of the interfacial reaction which leads to the production of
undesirable diarylcarbonates (DAC). In contrast, in a preferred batch
polycarbonate synthesis process 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 the 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
product 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 also 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
synthesis, that the final DAC level-in- the: polycarbonate: product. was lower.
than the level previously obtained by adding MAC to the polycarbonate
synthesis at a single point in the batch polycarbonate synthesis process, as
was disclosed by Bussink et al in US Patent 4,864,011.
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phenyl ene or substituted derivatives thereof. The bridging radical Y is
nost often a hydrocarbon group and preferably a saturated group, such as
met hyl ene, cycl ohexylidene or isopropylidene. |sopropyl 2ddaptdrabari2808or e
preferred. Thus, the nore preferred pol ycarbonates are those conpri sing
resi dues of 2, 2-bis(4-hydroxyphenyl)propane, also known as "bi sphenol A".
In one enbodi nent, the polycarbonate is a honopol yner of bisphenol A

(Co) pol yest ercarbonates may al so be prepared by the nmethod of this

i nvention. The pol yestercarbonate may: conprise residues of aliphatic or
aromatic diacids. The correspondi ng" derivatives of aliphatic or aromatic
di aci ds, such as the corresponding dichiorides, may also be utilized in the
pol yner i zt Po@ enFapdiment.t theneombised JMAEs and badths polysarbnnate wyathdsig o t he
reaction e r.exanpl e, branched pol ycarbonates. 34 25 Septenber
2003 Pol yé%}"Bﬁ%%?@%, st?&%PLdi ng aromati c pol ycarbonates, are typically
produced interfacially by the reaction of a carbonyl halide, such as
phosgene, and a bi sphéhohargiucht laastosplibydioxsx, conpdlirl, phesence of a
phenol i ¢ endcappi ng. _agent.. Known net hods include the addition of the
phenol i ¢ endcappi ng‘nﬁaé?{ﬂamﬁts VRl pERER NGB CaTRENYInt er f aci al reacti on

whi ch | eads t } f i 1 I b t DAC). |
ch 1eads L0 hARIGTREHEH8 Bfa vOfSiiARlahigfiy | carbonates (DAG). I

contrast, in a preferred p onat e syntthesi s process as
descri bed her eihe,pH béthaveactiop mixiare betweernabaut-4denand manner and added

over a finite Lok ehYal 1S HuhAP AR

2) within an interval of between 0 and about 90 %
of the total 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 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 inv_ention preferably comprises the steps of
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pol yneri zation. It was unexpectedly found that when the batch

pol yneri zation reaction to produce polycarbonates, as defined in section
|1 of the specification, was coupled with the conti nuodd JaRieBRe 3008 t he
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
addition, such as the addition of nolten or solid endcap, in particular

p-cunyl  phpmatginges eoaend btyrr‘vl@r&a@ibﬁoréﬁt%rp%ﬂ?%tyIéﬁﬁCQH@r@ﬁﬂ didigt . when
t he batch pol yneri zati on reactlon to- produce pol ycarbonate was oupl ed

wi t h t he copMAUNge gelvenb eadsvatearandeptionadyeemslic of MAC as set forth in
Section | of the specification, by adding the MAC, endcap over an interval
during the batch pol ycarbonate synthesis, that the- final DAC | evel in
~the.. polycarbonate:: product, was |ower than the |evel previously
obt ai ned by adding MAC to the pol ycarbonate synthesis at a single point in
the bat cI2)mitnyttandmrsiyt ehangnd eartonyt balide andscaustie tdi thel esetbrpwhBassi nk et
in US PatEFnt 4, 8 9 1. 35 Septen%gr 2003 In one enbodi nent, the
conbl ned NREEINAT BT 19 &tﬂ?@&'%%?é%ﬁ Adange. conprises the steps of 1)
charging at |east one di hydroxy conpound, an inert organic solvent, water,
caustic, carbonyl halide, and catalyst to a vessel, and nai ntai ni ng

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 polymerlzation
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 bisphenol A, and optionally a comonomer such as
2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane), water, and catalyst, such as
triethylamine. The relative amounts of solvent and monomer are established’
in order to achieve a desired final polycérbonate 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
solvent added during the formulation as well as solvent added during the.
MAC synthesis and addition. The amount of water added during the batch
formulation is established so that the final concentration of byproduct alkali
halide, for example sodium chloride, is preferably in the range of fram about
10 wt% to saturation, which is about 26 wi% for sodium chloride, and more
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the pH of the reaction m xture 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 vessel, activatinéd Pepaiar@fodyst em
t hat produces nonofunctional aromatic chloroformates (MAC) and

i ntroducing the MAC to the vessel wthin the interval of O 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
del i very peferablyNr@niatomt fl hevte &e about 29 wi%m Thesa rangessarelcommonlyf ur t her

enbodi ment he- .c I ned- - C y nat C f this

i nventi on’ f‘ﬁr éﬂ)‘ﬂ;? orﬂ%\di 2@% {%%g,crél?%%smoﬁ?%G%gggegt@r@ogéﬂz&s?ie% char gi ng
a batch patyrerateattyreférenacéor with at |east one di hydroxy conpound,
solvent, and water, and optionally caustic 2) sinultaneously charging
carbonyl halide and caustic. to the reactor, while maintaining a pH of the .
reaction in a specified range; 3)charging the batch pol ynerization reactor
with the MAC reactor products during a specified interval of the batch

pol ymeri zat i ompgiQy 88E - bARE phosgenation of the polycarbonate reaction, alkali
metal base and/or alkaline earth metal base is added to maintain the reaction
pH preferably in the range of about 4 to about 12, more preferably in the
range of about 7 to about 11 for polyester 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 usable 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. 'lt 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 predetermined
condition in the: batch polymerization has.-been achieved, for example,. a
specific percent 6f 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 tatal.carbonyl halide target.to

the polymerization reactor.
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4)recovering the 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 polycarbdhatesteaneast208s s
generally initiated by charging a vessel with a m xture of solvent, one or
nore nononers , for exanple bisphenol A and optionally a conmononer such
as 2, 2-bis(3,5-dibrono-4-hydroxyphenyl ) propane), water, and catal yst, such
as triethylamne. The relative anmounts of solvent and nononer are

est abl i shegferablyo tHEMAC ﬁ@bu@vmmu.@eﬁﬂepgﬁbd bfdhe Al JEABRAPRESess is

concentration in the or an| C e(g)hase erably in the range of from about 5
w %t o abzidedduringdhenivtervaiefld andisabput BOtneecerzstrqjéhefphbsgamaladdtt:om5 W %to

ZE‘)“iofi’engﬁéﬁc §%b§§fq°ﬁsfe SOREES, e, BB dE, M R0 unt of

vat er addeikteberfrorg thberb@éralind peocagsas la@ueusmmgathbuﬁmﬁblw dodat 1phe final
concentration_ of béproduct al kali halide, for exanple sodiumchloride, is

pr ef er abl3nNd ALOHE 3P rrjeew); of thenPhpsaane E@d'ﬂk)%tﬂdhgdﬁlﬁﬁtﬂ%wafm%tﬁ i s about
26wt % f Q§ |é’m RS glg&‘:é Byaéfgrdﬁgéethy MAT ??B&Iﬁffbﬁl'ixtﬁ%oﬁom Sﬁ,gr@,{ol y from

about 15 o about ranges are conmnon used I n I ndustry
and are dﬂnamd)@doaessus Rirdeeindurihdl it B@drvahef 40 rand abwﬂo&ﬂ ieeckrityof
t he, hat ch on of the ycargonat e react i on,

f h t
i kal | o Ahasagee AaNG t B bHich eebearirncle syheSR ARedutveli niai n

the reactth@MMAC synthesis process is simply continuous, and not on demand, the
batch polymerization reactor may be fed with MAC product mixture over the
same intervals noted above, but the MAC product mixture is fed from a
storage vessel, such as a surge tank, rather than directly from the MAC
synthesis reactor.

The carbony! halide and caustic addition rates for the polycarbonate synthesis
reaction may vary during the course of the polymerization reaction. Although
it is preferable to add both the phosgene and caustic to the polymerization
reaction during the interval that MAC is being generated and added to the
polymerization reactor in order to minimize the batch reaction cycle time, it is
within the scope of this invention fo suspend or reduce phosgene and/or
caustic addition to. the. polymerization reactor during: past.or- ail of the interval
during which MAC is fed ta the polymerization reactor.

The total amount of MAC added to:the batch polycarbonate synthesis is'in the
rangé of about 1 mole percent to about 20 mole percent, based onthe
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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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 spfemsPiember 2003

pol ycarbonate synthesis reactions. The types and concentrations of bases
described in Section | of the specification are also usable in the

pol ycarbonate synthesis process. During the batch formulation, the MAC
synthesis reactor is idle, if the MAC synthesis reactor is operated as an
on- demandTpe owds sof ladditenpoéftbeablAC prodapemaikture hip tRACHOIgbadWAERM as an

on demand_prpcess. The MAC nt hesi s reactor may start either at or about
the t1mo. PHUCEERANaUARY e Hi)CHU S, oha0atio e e eateh rolumpEzAtiaR.

carbonyl RectigR, be¥al iaraRRasen® Redd MAB! Riikird ot bheubRGARA
pol yneri zation reactor.. Wien a predetermned condition in g3 ch

pol ymer i ze@nssant mtssto thedqrolynaibenata syhthesisxanpl e, - 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 polynerization
reaction over a predetermned interval. Again, this interval is wusually
specified in terns of a percentage of the total carbonyl halide target-to
t he pol ynitis pegfecable daqredete@hinSez erdotion 2poRitefbe tiadb bytch ftefidGaipr oduct

0 and aboRRVGHBRER GRS FeAgRGs] BR RABIETTUHeY (PCURE SRAGHNIBT Poar bonat e
o Doocs TR NSS! BObtaricha Ml oty i BECRY Wl
attainment of 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 until a final reaction pH is achieved.

The polycarbonate from the batch polymerization process may be
recovered according to practices well known in the art for solution
polymerizations.  Several well-known techniques such as antisolvent
precipitation are. described-in-Chemistry and Physi f Pol
Schnell and Polycarbonates, by W. F. Christopher and D. W. Fox.

The transport of the MAC from the continuous reaction system used to
produce 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

40



and about 80 percent of the phosgene addition to the batch pol ycarbonate
synthesis. Even nore preferably, the MAC product m xture fromthe on-
demand process is added during the interval of 10 and abb@ePBONRRE288Ht of
the phosgene addition to the batch polycarbonate synthesis. Alternatively,
if the MAC synthesis process is sinply continuous, and not on demand, the
batch pol yneri zation reactor may be fed with MAC product m xture over the
sanme intervalss noted above, but the MAC product mxture is fed froma

st 0{ ﬁge_ Végs@ids 5@@% a@qghzaﬁcgldiahmitbr of dhdelelivbgnsyltemc il is prefenablee MAC
synt hesi s reactor. The carbon alide a austic additi rates for the
pol ycar bothat dheydeliyesy dime e'ﬁc%{'i the rFﬁ?g’\?a&Sagﬁﬁ“i ﬂg?‘? r?g)q{.&u&gese&pn fie

pol yrer i Z@Féé&@gbgftﬁéi PAC ﬁéeatdggrlg%tém isSplBEE] HsahbSe 3 pESsiBR! b fHee

. phosgene an Ic to rization reaction during the interval

t hat MAC batcheeagioyenmirimize thedatdoéal of phohgeneekyemeigki on reactor in
order to mnimze the batch reaction cycle tinme, it is wthin the scope of
this invention to suspend or reduce phosgene and/or caustic. addition to,
t he. ' polynerization reactor during part: or- all, of the interval during
which MAC is fed to the. polynerization reactor. The total anmount of MAC

added t o; |ttdnuidoBé GToted tiystathe oA payityt isesnaffedted by délays irmagditiohabbout 1
nol e percent- to about 20 npol e percent, base nunber of noles of

di f unct i opiginonbelyaan the MAC synihesis %FQ{@”@H?PD pétyg:ggqq{@t? SYRISYE r ange of
2P i R B Ao At 15 PR ous s R BRIy of o
of MAC as described in section | of the specification contains not only MAC,
but also unreacted carbonyl halide and caustic, as well as solvent and
aqueous alkali halide solution. Therefore, if any hydrolysis of the MAC
product back to monofunctional hydroxyaromatic compound occurs within the
tubular 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, carbonyi halides,
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
particutar reactants and catalysts 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 carbonyl chloride, carbonyl bromide, carbonyl
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25 Septenber 2003 The rate of addition of the MAC product mXxture 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 t#e SaREmhex2GPe at a
substantially constant rate to the polycarbonate synthesis. It is _
preferable to predeternmine a reaction endpoint for the batch interfacial .
pol ycarbonate synthesis reaction . The predeterm ned reaction endpoint for a

batch interfacial polycarhonate synthesis reaction may be, for exanple,
at t ai nneniedige, sagnyi %‘P@”‘i’%taé‘ld mhduee Beresfosdiphesaens andttriphasighing on to

_ _ _ B i
oact or Ao enpuraO TN nE R Allasdradfe pHetea b BRjte o, o 1

exanpl e the weight average nol ecul ar wei ght may be nonitored by |aser
light scattering. Wen the nmeasured property achieves a desired |evel,
this signifies the reaction endpoint. At this point, the carbonyl halide

it i d: i ddi t ' til fipal reaction
o 15 achi eved® Prrce ORI st eniatom bl e b reliscbccss may
be  recoveridudppingoagent predudedC hhaegtingel! akdstaing fo the Methddlof SRlsut | on

pol ynmeri zations. Several well-known techniques Such as antisol vent _
preci pi t dRYHIOR @s gleseribeddin jsgctions i @ndaild obhihel epesifiicRtivy,c athem- at esi |

H.  Schn I r b i r_an . W Fox. The
t ranspor fH éé?ﬁpﬂg%%h%&s’r g%b?%‘gérgght%inm%%{se ﬁ%g?b%%@ggmﬁ, ?I?%%Ctﬁ'bteg_ Mor oduce
t he MAC tformbla \bobsloar mwhich X)tr)‘e;bﬂeesn& ﬂtﬁmgel, QgéT(rb@bﬁibrin@QiMBEFnbz.at Ion
[ | i shed any sujtable deliver
reactl On)Thnggoggsggncd?f% c!a?b_o%yl h%lide,yas discussed above wguld be utilized in

production of the haloformate endcapping agent.
Q
C—X
/ ’
(Rﬁ'n_““/(;\>—o v

Suitable organic solvents for use in the polycarbonate synthesis
include any organic solvent which is substantially insoluble in water and inert
to the process conditions. The organic solvent should also be a liquid under
the reaction conditions and should not react with the carbonyl halide, or the
caustic. Suitable organic solvents include, but are not fimited to aliphatic
hydrocarbons such as pentane, hexane, cyclohexane, and heptane; aromatic.
hydrocarbons such as toluene, xylene; substituted aromatic hydrocarbons,
such as chlorobenzene, dichiorobenzene, and nitrabenezene; chlorinated

| aliphatic hydrocarbons such as chloroform and methylene chloride, and
mixtures 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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system for exanple, a pipe between the two reaction systens. The delivery
time between the MAC reaction system and. the pol ycarbonate synthesis 40 25
Sept enber 2003 depends on the | ength and di aneter of th25 disiptancher 2008t em
it is preferable that the delivery tine is in the range of about | to
about 30 seconds. Preferably, the MAC reaction systemis placed as cl ose
as possible to the batch reactor to mnimze the potential of phosgene
exposure risk. It should be noted that the MAC purity is unaffected by
del ays in additional piping between the MAC synthesis reactor and the
pol ycar bonate synthesis reactor. The reaction product fromthe continuous
process for the production of MAC as described in section | of the
speci fi caSUitnbledJismiemslmon diphkpolshdhichrady bessedninghetpadymeribation ohal i de
and caustl vent eous al kali halide solution.
Ther ef or epos"f’argwa{?ﬁ%?fp dtaye "{cﬁgnﬂﬁ%% Opr oduct back to nonof uncti onal
hydr oxyar omati c conmpound occurs within the tubular reactor or while the
MAC produgdsofgipidlur € is being conducted to the polycarbonate polynerization
reactor, the residual car bonyl halide and caustic wll tend to reconvert
hydr ol yzed product to the desired MAC. The follow ng discussion sets forth
react ant s4-RFRMEASPLAEROMNI ch are suitable for use in the preparation of
t he pol ycarbonates by a batch or continuous interfacial polynerization
process. Fb’;}ﬁ. aﬁihEHQtS caustic, carbonyl halides, and nonofunctional
hydr oxyaramati'c conpounds. which. may be used i mthe- production of the MAC
as discussed in section (1) of the specification may

4 ,4'-dihydroxybiphenyl,

1,6-dihydroxynapthalene,
bis(4-hydroxyphenyl)methane,
bis(4-hydroxyphenyl)diphenylmethane,
bis(4-hydroxyphenyl)-1-napthylmethane,
1,1-bis(4-hydroxyphenyl)ethane,
1,2-bis(4-hydroxyphenyl)ethane,
1,1-bis(4-hydroxyphenyl)phenylethane,
2,2-bis(4-hydroxyphenyl)propane (“bisphenol A”),
_2-(4-hydroxyphenyl)-2-)3-hydroxyphen;l)propane,
2,2—bis(4-hydrox‘y-phenyl)butane,
1,1-bis(4-hydroxyphenyt)isobutane,
1,1-bis(4-hydroxyphenyl)cyclohexane,

trans-2,3-bis(4-hydroxyphenyl)-2-butene,
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al so be used in the batch process for the preparation of polycarbonate. The
particul ar reactants and catal ysts as described are for_il]ustrative
purposes only, and the provided |ists are not i nt ended®? FRETBEIZ098 | ve.
Sui t abl e carbonyl halides for use in the pol ycarbonate synthesis process,

i nclude, but are not limted to carbonyl chloride, carbonyl brom de,
carbonyl 41 25 Septenber 2003 iodi de, carbonyl fluoride and m xtures

t her eof . Di phosgene and tri phosgene are also suitable carbonyl halides.

Phosgene 2’g_bggag_%%ﬁtpggﬂy,maq?ﬁm%ngaI ide. It is to be understood that,

al t hough "chl orof or e preferred endcapping agent produced and
utilized according to the nethod of this 1invention as described in
sect i ons d,aabid(4-hydoxyplerspialuéneat i on, ot her hal of ormates nmay be
prepared, and have the general formula described in forrmula V, below in

whi ch X rgﬁqr sent s Iuolhi n«? .Priom' ne, chlorine or iodine . The
cor r espotth ﬁg.'y(%?)ﬁ'@ NYRRGSIINISs i scussed above would be utilized in
production of the hal of ormate endcappi ng agent. V Suitable organic solvents

for use i2m-b@3mth9mingaaj)@pﬁym|hﬁgpﬁne,i ncl ude any organi ¢ sol vent 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 shou&éﬁ@%ﬁg’ﬁéﬁﬂw&ﬁw&@rﬁfapmﬂw& halide, or the caustic. Suitable
organi c solvents include, but are not limted to aliphatic hydrocarbons
such as penbasn-pepHShyaMyBREXANTopand heptane; aromatic
2,2—bis(3-sec-butyl#-hydroxyphenyl)propane,
2,2-bis(3-t-butyl-4-hydroxyphenyl)propane,
2,2-bis(3-cyclohexyl-4-hydroxyphenyl)propane,
2,2-bis(3-allyl-4-hydroxyphenyl)propane,
2,2-bis(3-methoxy-4-hydroxyphenyl)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-dichloro-4-hydroxyphenyl)propane,
2,2-bis(3,5-dibromao-4-hydroxyphenyl)propane,
2,2-bis(2,6-dibromo-3,5-dimethyl-4-hydroxypheny!)propane,
a,a—bis(4—-hydroxyphenyl)toluene,
a,o,a o' -tetramethyl-a,a’-bis(4-hydroxyphenyl)p-xylene,

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



hydrocar bons such as tol uene, xylene substituted aromatic hydrocarbons,
such as chl orobenzene, dichl orobenzene, and nitrobenezene; chlorinated

al i phati c hydrocarbons such as chl orof orm and net hyl ene2&h$eitendeer 2098

m xtures of any of the aforenmentioned. solvents. The aforenentioned
solvents may also be mxed with ethers; including but not limted to
tetrahydrofuran. Chlorinated aliphatic hydrocarbons are preferred, in
particul ar nmethylene chloride. 42 25 Septenber 2003 Suitabl e bi sphenols or
di phenol s1yikhdichlone®, bbis(@-agdiaxyphenyljgthytené.zat i on of pol ycarbonat e
include, but are not Iimted to, resorcinol, 4-bronoresourcinol,

hydroqui npne,.. 4. 4',-4 i i 1, 6- di hydr oxynapt hal ene,
bi s(4- hyd?’ﬁéqwmo I%,?—Ph(g%f&gf]oyy\éﬁsp@?%hﬂéhe,r oxyphe nyl)d i phenyl nmethane,
bi s(4- hydr oxyphenyl ) - 1- napt hyl net hane, 1, 1- bi s(4-hydroxyphenyl ) et hane,
1, 2- bi s( 41 MyditioypRepis] Bphanexy-4-hydioxyphetddtitdiensy phenyl ) phenyl et hane,
2, 2- bi s(4- hydr oxyphenyl ) propane ("bi sphenol A"),

4,4’-dihydroxybenzophenone,

3,3-bis{4-hydroxyphenyl)-2-butanone,

1,6-bis(4-hydroxyphenyl)-1,6-hexanedione,

ethylene glycol bis(4-hydroxyphenyi)ether,

bis(4-hydroxyphenyi)ether,

bis(4-hydroxyphenyi)sulfide,

bis(4-hydroxyphenyl)sulfoxide,

bis(4-hydroxyphenyl}sulfone,

bis(3,5-dimethyl-4-hydroxyphenyl)suifone,

9,9-bis(4-hydroxyphenyi)fiuorene,

2, 7-dihydroxypyrene,

6,6'-dihydroxy-3,3,3", "-tetramethylspiro(bis)indane (“spirobiindane
bisphenol”),

3,3-bis(4—hydroxybhenyi)phthalide,
2.6-dihydroxydibenzo-p-dioxin,
2,6-dihydroxythianthrene,

2,7-dihydroxyphenoxathiin,
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2- (4- hydr oxyphenyl ) - 2-) 3- hydr oxyphenyl ) pr opane, _

2, 2-bi s(4- hydroxyphenyl ) butane, 1, 1-bis(4-hydroxyphenyl)isobutane, 1, 1
- bi s(4- hydr oxyphenyl ) cycl ohexane, trans-2, 3-bi s(4-hydr & \gsmpemther 220But ene,
43 25 Septenber 2003 2, 2- bi s(4- hydr oxyphenyl ) adamant ane, o

a, a' - bi s(4-hydroxyphenyl)tol uene, bis(4-hydroxyphenyl)acetonitrile,
2,2-bis(3-methyl -4- hyd roxyphenyl)p ropane,

2, 2- bi s(3-et hyl -4-hydroxyphenyl ) propane, 2,2- bis(3- n-p ropyl-4-hyd
roxyph erp yldihyireRapel0-métdiphaiadimec- but yl - 4- hydr oxyphenyl ) pr opane,

2, 2- bi s(3-t-butyl -4-hydroxyphenyl ) propane, _
2,2-bis(3-cyg|ohexyL-4-h¥droxyphenyI ) propane, 2,2-b is(3-al lyl-4-hyd
roxyph eryPFHnEIreaibenzofyrap; s( 3- met hoxy- 4- hydr oxyphenyl ) pr opane, .

2, 2-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) pr opane,

2, 2-bi s( 2 &dmh t?é]:?zcﬁlﬂ’)fb A dr oxyphenyl ) pr opane,
2, 2-bi s(3, 5- di@]‘?@lrd(i)- 4- ydr%‘i?/p enyl ) pr opane,

2, 2-bi s( 3, 5-di br onp- 4- - hydr oxyphenyl ) pr opane,
2, 2- bi s( 2, 6diysromsasyaott, met hyl - 4- hydr oxyphenyl ) propane,

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

and other halogehated or alkylated derivatives. It is also possible to use
mixtures of mono- and/or bischloroformates of the desired bisphenol 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 diphenols 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]dim?thylb'ennzyl],
trimellitic anhydride,

trimeliitic acid , ar their acid chioride derivatives.
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a, a-bis (4-hydroxyphenyl )toluene, a,a,a ,a' -tetranethyl-a,

a' - bi s(4-hydroxyphenyl) p-xyl ene,

2, 2- bi s(4- hydr oxyphenyl ) hexaf | uor opr opane, 44 25 Sept enderSeptrgoay2003
-di chl oro- 2, 2-bi s(4- hydroxyphenyl )ethylene, 1, 1

-di brono- 2, 2- bi s(4-hydroxyphenyl)ethylene, 1, 1

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

4, 4" - di hydr oxybenzophenone, 3, 3-bi s(4-hyd roxyphenyl)-2-b u tan one,
1, 6- bi s( 4Shijablexijqareoxylic-atjds drediearsdixgliedichtaries evidclyimaypbe used with

bi s(4- hydy.oxyphenyl ).et her bi s(4-hydr-o0 henyl ) et her

bi (- hy PSRN 5 P mestZatity of WolyerEE CamRpIS L ORtse; fut are not

bi s(4- hydiaxydhseny! ) sul fone,  bis(3, 5-di met hyl - 4- hydr oxyphenyl ) sul-f one,
9, 9- bi s(4- hydroxyphenyl ) fl uorene, 2, 7-di hydroxypyrene, .

6, 6' -di hydroxy-3,3, 3", 3, ~tetranet hyl spiro(bis)indane ("spirobiindane
bi sphenol mﬂp-téccansifh@arbﬁyﬂm%henw ) pht hal i de,

2, 6- di hydr oxydi benzo-p-di oxirt,

1,12- dodecane dicarboxylic acid,
* terephthalic acid,
isophthalic acid,

terephthaloyl dichloride, 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 tetraalkylammonium salt. Suitable tertiary amine catalysts include, but
are not limited to triethylamine, tripropylamine, 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 carbonyt halide addition or
may be programmed into the batch 6r continuous polymerization reactor
during addition of the carbonyl halide. |

EXAMPLES
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2, 6-di hydroxyt hi anthrene, 2, 7-di hydr oxyphenoxathiin, 45 25 Septenber 2003
2: 7-di hydroxy-9, 10- met hyl phenazi ne, 3, 6-di hydr oxydi benzo1(‘§urgar:r,‘b(_yzoo3
3, 6- di hydr oxydi benzot hi ophene, 2, 7-d i h yd roxyca rb&& Pt

[ - bi - | ) hexane, and
4, 4- bi s(4-hydroxyphenyl ) heptane, 2, 2 -bis(4-hydroxyphenyl)
ot her hgloggnateépOr al kyl ated derivatives. It is also possible to use
m xtures of mono- and/or bischl orof ormates of the desired bi sphenol or

. : : . i red
nmono- and/ or biTseHbloveifigraxatrpled BEOSEforth @8 PRONIAL She¥e bt6&fh m_ei desire
bi sphenoly,, 2, 2a ‘mﬂi (cg hgeg rog%gh enyl )p%o pane _ggraiﬁrln?g?eggoﬁfgl !sgmtaheal .
preferable bi sprhen f. TR %8? B‘Hh |Wna§rcpmgt3@i n@; hfa o Yﬁeri zationyof

d. ' |
br anched oo SlBAcY eteln SR2mERIBAUCERIIREH, HRd A, Roh Inasd to
-tris(4- h&i‘ﬂﬂdé?rﬂt?@ﬁgthfewhmmhe inventors regard as their invention. Efforts P?Y?I c

-[ 4- | - oxyphenyl ) - et hyl ] -di r net hyl bennzyl], trine
gnL3d£ }débg‘%'fl('ﬁ%&r(%l g?éﬁg? ,C%‘Fa%éweh sesredt h%oﬂﬂﬂ@&ﬂ%rﬁa@t i arpeunts6
temperature, etc.) but some errors and deviations should be accounted for.

Unless indicated otherwise, parts are by weight, temperature is in °C.

EXAMPLE 1

A tubular reactor was constructed of 0.25 inch (6.35x10°® m} outer diameter 316 stainless

~ steel tubing and SWAGELOK?® fittings, manufactured by Swagelok Company,

and was packed with static mixing elements. The overall length of the reactor
was 16.5 inches (0.42 m). The reactor was insulated with woven fabric insulating

material. The reactor was fed from two feedstreams: a solution of phosgene
and p-Cumyl Phenol (PCP) in methylene chloride, and NaOH/water. Each
feed solution 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 below. The product composition is reported as parts
by weight of the organic phase-product. -

For example

wt% PCP=100(wt PCP)/{(wt PCP+wt PCF+wt DAC)
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25 Sept enmber 2003 Suitabl e dicarboxylic acids or dicarboxylic dichiorides
whi ch may be used with bisphenols in the polynerization of polyester
carbonates include, but are not linited to, 1,10-decandd diapigmiesndood acid,
1, 12- dodecane dicarboxylic acid, terephthalic acid, isophthalic acid,

t erepht hal oyl dichloride, and isophthal oyl dichloride. The pol ycarbonate .
synthesis nmay be conducted in the presence of a catalyst, for exanple a
tertiary am ne and/ or a phase transfer catalyst, such as a

t et r aal ky, @gypg@unl_ I i gary am ne catal ysts include, but

are not I$n1te to'f?#%?ﬁﬁhﬁaﬁab?léﬁ%@ﬁopylanine, and tributyl am ne. Phase
transfer catalysts include but are not limted to tetrabutyl amoni um

bronmi de and net hyl92.1 igm/imin anetbyienedhtaridede. The ani ne catal yst level may
be in the range of from about 0.25 to about 10 nol e percent based on

di hydr oxy conpounqlzzﬁ%nﬁa%?g gransfer catal yst may be in the range of
zero to about - 2 nol'e ®percen 8 sed on the di hydroxy conpound. The catal yst
m xture may be charged to the reactor prior to addition of the carbonyl
hal i de addition or, nmay be programed into the batch or conti nuous

pol ymeri zation reactor during addition of the carbonyl halide. EXAMPLES 47

Feed (2): 25 wit% NaOH Solution

Expt  mole | NaOH/mole Product DAC Product
PCP ' \ PCP
(ppm)
(Wt%)
A 1.0 633 0.46-3.32
B 1.2 421 0.248
C 1.5 . 336 0.228

The balance of the aromatic product of these reactions was p-cumyt phenyl
chloroformate, the desired product. These results show that very low levels
of DAC and essentially complete PCP conversion are achieved with the
process of this invéntion.

Example 2.
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25 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 nethods claimed herein are #Huadertenbes?dPdat ed,
and are not intended to |imt the scope of what the inventors regard as
their invention. Efforts have been nmade to insure accuracy wth respect .to
nunbers (e.g., anmounts, tenperature, etc.) but sonme errors and deviations
shoul d be accounted for. Unless indicated otherw se, parts are by weight,
t enper at uh dubidar reaztoewarreansiruated.as inuexagmie dr exeaptdbatitreom@isedt 0. 25

inch (6. - 10- t fameter. 316. st ai,nl teel tubj

swaceL o1 TP efon bR g &idisl eSS i by A ekt

Wi th st atdeetioh xsfngngackeantubinglheTH ehiitd résngt varf inshfaté@agitipwoveas 16.5

inches (0Q.42 n)TQ The reactor was insulated with woven fabric insulating
r

mat eri al falifie T8k tesctoas éod Witbrieeds T aedi s s ahewndelewut Thinfesidsphosgene
d p-Cu P R I i de, OHwater. EFach feed

S0l uti on e e 1 it pritnd b1 BReRlp B @ eat YR Baotel o 1 °°

i i . |, Tk .al | i

| mer sed 4y sanYéfafdrahd ikshaid g%%n@? l%rﬁ@.@olfpp@g}& dehial aﬁ%%%?rttgﬁs eaction

are shown in the table below. The produ on is S parts
by wei ghtfoeff(19-Banlopaniad sssliee. - product. For exanpl e wt % PCP=100( wt
PCP)/ (wt PCP+wt PCF+wt DAC) 48 25 Septenber 2003

Feed (1)} 4.5 gm/min p-cumyl phenol
92.1 gm/min me.thylene chloride

4.2 gm/min COCI,

Feed (2): 25 wt% NaOH Solution (1.5 mole NaOH/mole PCP)

The product composition is shown below. The balance of the aromatic

" product was' p-cumyl phenyl chloroformate.

Sample Paint ppm DAC ' wt% PCP
7" (0.18 m) : 430 0.7
14" (0.36 m) 410° 1.2

14"+50 Feet (15.6 m) 430 0.6
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.5 m n p-cunyl phenol Feed (1): 92.1 gmmn nethylene chloride Feed
?2)5: gmz gmﬁi n' gyOCI FZ) 25 Wt % NaO(—| Sol ution nol e NaCOHI npo! e Product DABC
Product Expt PCP(ppm) PCP (wt % Al. 06330, 46- 3. 32 Bl. 242102248rEmBB2603 228
The bal ance of the aromatic product of these, reactions was p-cunyl phenyl
chioroformate, the desired product. These results show that very low Ievels
of DAC and essentially conplete PCP conversion are achieved wth the

process offhishexamplecshows thak Medbrodlct 49 ndb frairedhfer2dOR 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 chloride
feed solution. The results are given in the table below.

Sample Point | ppm DAC wt% 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.

Example 4.

Example 2 was. repeated using: only the twa packed sections and with the.
following feed-compositior.  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

5




A tubul ar reactor was constructed as in exanple 1 except that it conprised
two 7 inch (0.18 n) sections that contained m xing elenents followed by a
50 foot (15.2 n) section of unpacked tubing. The entir@5 reapterapeng3
insulated with woven fabric. This reactor was fed with feeds 1 and 2 as
shown bel ow. The feeds were cooled to 4 C prior to being introduced intaq
the reactor. The reaction was sanpled after the first and second 7 inch
(0.18 m mxing section and after the 50 foot (15.2 nm) unpacked secti on.

Feed (1): 4.5 gnmm - | npl mmll methylene chloride 4.2
gmmn COCl 2 Feed (%H éﬁ%%q%ﬁg%ngoﬁqﬁdoeg (1.5 nmol e NaOH/ nol e PCP) The
product conposition is shown bel ow. The bal ance of the aromatic product
was p-cunyl phenyl SRIgnohiar@@CE Sanpl e Poi nt ppm DAOM % PCP 7" (0. 18
m 4300.7 14" (0.36 nm) 410 1.2 14"+50 Feet (15.6 n)4300.6 50 25 Septenber
2003 Thi s exanple shows that the product is not further converted to DAC
upon additional residence tinme in the tubular reactor or in downstream
pi pi ng.

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

Bath Temp C ppm DAC wt% PCP
20 325 0.7
25 420 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.

EXAMPLES (POLYCARBONATE)

The following examples relate to the preparation of a polycarbonate by
a batch interfacial. polymerization: process. coupled. with the continuous:
process for the preparation of MAC, used as an endcapping agent.

()
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Exanpl e 3. Exanple 2 was repeated with 5 ppmtriethylanmne in the methylene
chloride feed solution. The results are given in the table bel ow. Sanple
Poi nt ppm DAOWM % PCP 7" (0.18 m) 5300.7 14" (0.36 n)-0.6 4% Septenpesi20035. 6
m 6000.5 This shows that the reaction product is sensitive to the presence
of low levels of triethylam ne. Exanple 4. Exanple-_2 was. repeated using
only the two packed- sections and with the. follow ng -feed, conposition:

The precodql i nghat g: enperature, was,: adjusted to values between 20 and
35 C. The C osition was neasured at the end of the second m xing
zone. Feed (1): 4.5 gmmn p-cunyl phenol 51 25 Septenber 2003 92.1 gnmn

met hyl ene pchbmbr&srrﬁat% gmtﬁbﬁsQ@Eb%rRﬁgg doa)stru&éd%iﬁ’/or%@mn\éhl gi’ﬁbe( 1.5
mol e NaOH nol e PCP) .Bath® Tenp C ppm DAC wt % PCP 203250. 7 25420 :
and packed with statzc mixing elements. The reactor was 1 inch (25 4x10° 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 chloride, phosgene gas,
and a 25 wit% 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 chloroformate synthesis reactor.

An agitated 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 charged with BPA
(200 pounds (90.7 kg)), water (56 galions (212 x 10°ml)), methylene chloride (93 gallons (352 x 10°
ml) and friethlyamine (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 NaOH flows to the polycarbonate reactor, the MAC syntheéis reactor was
flushed with methylene chloride into the polycarbonate reactor. Phosgene
and NaOH/water where then added to the methylene chloride fiush at
predetermined rates described in the table helow. After the flows of the
phosgene and NaOH/water were established, the methylene chloride flush
was stopped.and a coaled.solutian of 4. wt. % PCP in methylene chiaride (257
pounds {117 kg)) was pumped to the chloroformate synthesis reactor while
maintaining the phosgene and NaO:waater flows to the chlaroformate
synthesis reactor. After the addition of the 4 wt % PCP methylene chioride,
the chloroformate synthesis reactor was flushed briefly with methylene
chioride and the flows of phosgene and NaOH/water were-stopped. The |
phosgene flow was continued to the polycarbonate reactor untit a total 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
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304600. 8 354700.6 This exanple shows that the reaction nmay be run over a
w de range of tenperature without introducing high levels of DACin the
product. EXAMPLES ( POLYCARBONATE) The fol | owi ng exanpl e4® rRspianeber200fe
preparation of a polycarbonate by a batch interfacial,. polynerization:
process.. coupled. with the continuous; process for the preparation of
MAC, used as an endcappi ng agent. 52 25 Septenber 2003 Exanples 5-10 A
chl orof ormat e synthesi s reactor was constructed of TEFLON |lined pipe and
packed wi ¢Hoddexmhasai ofi the pelyaedopaterreagtionacwes sampledi ndhe(asulting 10- 3m)

i nsi de I f . { i r was, fed with
three fegss rtgg%'g:gpg%édg@f@ffééHg&Idﬂen%&Shgﬂ%g[Sﬂ%f %ﬁ&tﬁe irﬁs"ﬂg‘t?ﬁ?l ene

chl ori de,repbriedd&etovgas, and a 25 wt % solution of NaOH in water. The PCP
solution was punped through a heat exchanger to the cool it to the desired
feed tenperature before sending it to the chloroformate synthesis reactor.

An agi tated pol ycarbonate synthesis reactor was equipped with inlets .to
charge phosgene and NaQH, a pH probe to neasure and control the pH of the

react i on, T bilawirk] defnitsizdaastied ihlhs tdRadefiw Was charged with BPA (200
pounds (90.7 kg)), water (56 gallons (212 x 103 nl)), nethylene chloride

(93 gallons (352 x 103 m) and tri ethI%/am' ne (450 m ). Phosgene (250
pounds/ hoetar( ims: # WgrEenBumnutes aftas deistast ohphosgenation when the MAC

reactor was started.

Feed Time = Time interval during which the 4 wt % PCP in methyiene
chioride solution is fed to the chloroformate synthesis reactor.

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

reactor.

Ruon = Mole of NaOH per mole of PCP fed to chloroformate synthesis
reactor

Roes = Mole of phosgene per mole of PCP fed to chloroformate synthesis
reactor

EX Start Feed Feed wt% NaOH Ryoy Ry ppm

time Time Temp ,_; DAC
5 4 7 5 20 15 35 174
6 4 5 45 25 15 28 74
7 2 5 5 25 15 2.8 82

8 2 7 55 30 1.5 3.5 102
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pol ycar bonate synthesis reactor and an aqueous caustic solution (50 w %
NaCH) was added to maintain a pH of 9-11. Wil e naintaini t he phosgene
and NaOH flows to the pol ycarbonate reactor, the MAC syft f%@?eé“b{‘éa?@? r was
flushed with nmethylene chloride into the poI ycar bonat e reactor. Phosgene
and NaOH wat er where then added to the nethyl ene chloride flush at
predeterm ned rates described in the table below After the fl ows of the
phosgene and NaOH wat er were established, the nethylene chloride flush was
st opped. :@nd. a4 cool &d: . sbbution30of. 4. wt.19% PCHE8n met hyPene chlori de.
(25.7 pounds (117 kg)) was punped to the chl orof ormate synthesis react or
while maiptaining t phosgene ang NaOH wat flo to chl or of ormat e
synt hesi sﬂi eactor. %ter gﬁe addial on of th§r4 vvtwa) PCPﬁﬁnﬁa?hyl ene -chl ori de,
the chlorof ormate synthesis reactor was flushed, briefly wi th nethyl ene
chloride and the flows of phosgene and NaOH water were stoppred. The
phosgene fl ow was continued to the pol ycarbonate reactor until a total of

at o 11" ojne Abaveiiaeothons bR polner hridldiBhlEiny ol Bellf SR " ne"
et hyl eney e(’gﬁpéﬁne 5’6‘?@éd2&r€&éhhm@:%nﬂﬁ%&eréﬁctdrf@@ahug@bh@iﬁ@h@ reaction

was sanpl resulting polynmer analyzed phenyl car bonat e
(a DAC) afar d:drepalesnn thtaaimwe 1r{b§mW%¢lﬁié%©W0|Ym@f pfﬂff Dﬁﬁd@ﬁ Was ons are
used in the el.ow. Start art of
phosg enat?g B@em@en neitﬁep%hosaéﬁ@ Hor? égdé%e\ﬁefg L8bel e e

chloroformate synthesis reactor. This represents the polymer 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)

The combined chloroformate synthesis reactor and polycarbonate synthesis
reactor were operated as in Example 5 (POLYCARBONATE) to make a
series of six polycarbonate batches with the same MAC endcap level. The
‘product weight average molecular weight (M,) was measured for each batch.
We were surprised to find that the molecular weight was quite consistent, as
shown in the table below. For this déta 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.
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reactor was started. Feed Time = Tine interval during which the 4 wt % PCP
in nmethylene chloride solutionis fed to the chloroformte synthesis
reactor. wt % NaOH = The wei ght percent NaCOH i n water adéedapiEmbas 2088
synthesis reactor. RNaOH = Mol e of NaCH per nole of PCP fed to
chl oroformate synthesis reactor Rphos = Ml e of phosgene per nole of PCP
fed to chloroformate synthesis reactor EXStart Feed Feed w %
NaOHRNaOHRphasppm ti neTi meTenpDAC 54755201. 53. 5174 64545251. 52. 874
72555251.%%@82%%@%1.@ 5102 54 25 Septenber 2003 94555301. 52. 875

The a

102555000 ve tabl e shows that the pol yner product DAC level is
bel ow about
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 polycarbenate
polymerizations in which all the MAC was added at a single point in the
phosgenation reaction. The MAC (as phenyl chloroformate) endcap level for
the reactions reported by Bussink was 5.6 mole percent of the BPA repeat
units. In the examples of this invention, substantially the same mole percent
(5.5) of MAC as p-cumyl pheny! chloréformate was used. The table below
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 malar level of DAC in the polycarbonate praduct than the lowest level
reported by Bussink et al.
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200 ppm over a broad range of MAC synthesis reactor operating conditions.
For conparison, Exanple 10 shows that the polyner product DAC | evel was
significantly higher when neither phosgene nor caustic der3ePieroker 2083t he
chl oroformate synthesis reactor. This represents the polymer product DAC
| evel that occurs when PCP rather than p-cunyl phenyl chloroformate is
added to the polycarbonate synthesis reactor over an interval during

pol ycarbonat e synthesis. Exanple 11 (POLYCARBONATE) The conbi ned

chl or of orifetcessynt hesi MAe dciddiondnterpall ycar bdfratiecspACHesels reactor were
operated as in Exanple 5 (POLYCARBONATE) to nmake a series of six

Vel age ol coular wei ok O K ehaehatiit dd FRe bk RACTRR Heveg it °

surprised to find that pbiearBirees Reacie) ght was quite consistent, as shown
in the table beI ow. For this data set, the standard deviation of the

nol ecul ar_ wei is only 52 Mv units, which is conparable to the

vari abi | i By} etﬁ'e moPedsingle REMYht neasure®S8t. \Wien the conventional
endcap addition technique is- used, the nolecular weight variability is
about 150 sMwn. units.. : er 2003 BatehDAC ppmMv a22017, 600

15017, 850 Co2017 Gop 2D (SRgRYURYD A7

“ - 30 (single point) 128
“ 40 (single point) 139
This Invention  10-40 interval 42-124 (range of DAC levels in

Examples 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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d18017, 575 e12517, 500 f 18017, 500 Conparative Exanple 1 Bussink et al (US
Pat ent 4,864,011) report DAC | evels for pol ycarbonate ol yneri zations in
which all the MAC was added at a single point in the pﬁﬁ) feanhep 2003
reaction. The MAC (as phenyl chloroformate) endcap |evel for the reactions
reported by Bussink was 5.6 nole percent of the BPA repeat units. In the
exanpl es of this invention, substantially the sane nole percent (5.5) of
MAC as p-cunyl phenyl chlorofornmate was used. The table below conpares the
nol ar concentration of DAC between the Bussink results and the process of
this invention. The process of this invention has a significantly | ower
nol ar | evel of DAC in the polycarbonate product than the | owest |evel
reported by Bussink et at. 56 25 Septenber 2003 ProcessMAC Addition _
I nt erval Product DAC | evel (% of Total Phosgene tonicronmol e DAC nol e Repeat
Unit Pol ycarbonate Reactor) Bussink et alO (single point)388 "20 (single
poi nt) 157 "30 (single point)128 "40 (single point)l139

WHAT IS CLAIMED 15:

5 1. A method of preparing a polycarbonate comprising the stepa of

a) charging at least one dihydroxy compound, an

inert anganic solvent, water, caustic, carbonyl

halide, and catalyst to a vessel, and maintaining
10 the pH of the reaction mixture between 4

and 12; and

b) within 2n interval of between 0 and 80 % of
the total carbonyl halide addition to the vessel,

15 activating a reaction system that produces
monofunctional aromatic chloroformates
(MAC) and continuousty introducing the MAC to the
vessel within the interval of 0 to €0 % of the
total carbonyl halide addition to tha vessel;

20 where the MAC reaction systern is coupled with
the vessel, and where means are provided for
defivery of the MAC from the reaction system to
fhe vessel.




This I nventionl0-40 Interval 42-124 (range of DAC |l evels in Exanples 10-11)
This invention has been described in detail with particular reference to
preferred enbodi ments thereof, but it will be understootf tiertemRer 28038 ons
and nodifications can be effected within the spirit and scope of the

i nvention. 57 25 Septenber 2003 WHAT IS CLAIMED IS, s 1. A nethod of
preparing a polycarbonate conprising the steps of a) charging at |east one
dl hydroxy conpound, an inert organic solvent, water, caustic. carbonyl

hal i de, and catalyst to a vessel, and maintaining 10 the pH of the reaction
m xture between 4 and 12; and b) within an interval of between 0 and 90 %

of the total cariyRayhethed br@aiatilivitieddintiont heo 2@ ammd % dMACtS imioduged
reaction systemthat produces nortofunctional a gl%%ééﬁﬁhl oraforn%tées
(MAC) and conti%&ﬁ?’n&’m%wm’?ﬁeﬁﬂé manoe; o ke
interval of O tgeR@) % of the total carbonyl halide addition to the vessel;

20 where the MAC reaction systemis coupled wN the.vessel. and where
means are provided for

5 3. The method of claim 1, wherein fram 1 to 7 mole % of MAC is introduced
1o the vessel, based on the number of meles of difunctional monomer in the

vassegl.

4. The method of claim 1, further comprising the step of recovering the
10 polycarbanate from the vessel, '

5. The methiod of dlaim 1, wherein the inert organic solvert is selected from

the group consisting of pentane, hexane, cyclohexane, heptane, toluene,

xylene, chlorobenzene, dichlorobenzene, nitrobenzene, <hloroform,
15 methylene chloride and mixtures thereof.

6. The method of claim 1, wherein the inert arganic sclvent is methylene
chloride.

20 7. The method of claim 1, wherein the carbany! halide is phosgene.

8. The method of claim 1, wherein the caustic is sodiu hydroxide.
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delivery of the MAC fromthe reaction systemto the vessel. 58 25

Sept enber 2003 2. The nethod of claim1, wherein from1l to 20 nole % of MAC
is introduced to the vessel, based on the nunmber of no?%eSegtentier 2Ae3i onai
nononer in the vessel 3- The nmethod of claim1l. wherein fromt to 7 nole %
of MACis introduced to the vessel, based on the nunber of noles of

di functional nononmer in the vessel. 4. The nethod of claim 1, further
conprising the step of recovering the 10 polycarbonate fromthe vessel. 5.
The nethod of daim 1, wherein the inert organic solvent is selected from

t he group consisting of pentane, hexane, cycl ohexene. heptane. toluene,

xyl ene, chl orobenzene, dichl orobenzene, nitrobenzene, chloroform 15

nmet hyl ene chl oride and m xtures thereof. 6. The nethod of claim1, wherein
the inert organic solvent is nmethylene chloride. 20 7. The method of claim
1, wherein the ganpanykinBalor drirh 3, Whergetie calistid sedissthmidnoyater. Ahaneby
wherein the caustic is sodiun1hydroxide. 59 25 Septenber 2003 9. The net hod
of claim1, whefosmingHeaquaeyseUERN-gi ssol ved in water. thereby

5 10. The method of claim 1, wherein the dihydroxy compound comprises &
bisphenot.

11. The method of claim 10, wherein the bisphenol is bisphenal A. -

10 12. A polycarbonate produced by the mathod of claim 1

13. A method of cenfrolling the varability of the molecular weight in a
serieé of polycarhonate syntheses comprising the steps of

18 A) preparing a polycarbonate praduct batch by a method
comprising the steps of

a) - charging at least one dinydroxy compound, an inect
salvent, water, caustic, carbonyl halide, and catalyst

20 - to a vessel, and maintaining the pH of the
reaction mixture between 4 and 12; and
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form ng an aqueous solution. 10. The. nethod of claim11. wherein the

di hydroxy conpound conprises a bisphenvl. 11. The nethod of claim 10,
wherei n the bisphenol is bisphenol A 10 12. A pol ycardoh@pens@dedd by
the method of claiml 13. A nmethod of controlling the variability of the
nol ecul ar weight in a series of poiycarbonate syntheses conprising the
steps of is A preparing a pol ycarbonate product batch by a nethod
conprising the steps of a) charging at |east one di hydroxy conpound, an
inert solvent, water, caustic, carbonyl halide, and catalyst 20 to a
vessel, and maintaining the pH of the reaction mxture between 4 and 12;
and 60 25 Septenber 2003 b) within an Interval of between * and 90 % of the
total carbonyl halide addition to the vessel, activating a reaction system
t hat produces rr onofunctional aromatic 5 chloroforEFtes (MAC) and

conti nuousl y i nt r odud) nyitbinanipierval of bafwegn asd 9B %0 & he i nterval of 0 to
90 % of the total <c j fhal Seda Where the MAC
° g@%@gb%@hagﬁ Gflftichi1e e Fesklc akiREERY a

reaction systemis c evessel, and where neans are provided for
delivery of the MAC freaniionisystem that produces monhofunctional aromatic

L chioroformates (MAC) and confinucusly introducing the MAC
{0 the vesse! within the interval of 0 to 90 % of the total
carbonyl halide addition 1o the vessel; where the MAC |
reaction system is coupled with thevessel, and where
means are provided for delivery of the MAC from the

10 reaction system to the vessel;

¢) recovering the polycarbonate;

B) repeating A) until a desired number of preduct batches is
15 - prepared;

wharein the amount of MAC, caustic, carbonyl halide, dihydroxy
compound, catalyst. and inert organic solverit infroduced into each run
of the regaction is substanﬁally equal.

20 14. The mathod of claim 13, wherein the amount of MAC introdu_ced into
each batch is from 1 to 20 mole %, based in the number of moles of
diﬁmctidnal monomer in each batch.
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10 reaction systemto the vessel; c) recovering the pol ycarbonat e; B)
repeating A until a desired nunber of product batches 15 pre ared
wherein the anount of MAC, caustic, carbonyl hali de, %ié?@%VP und, C
| yst, and inert organic sol vent i ntroduced i nto each run of the reason is
substantially equal. 20 14. The nethod of claim 13, wherein the anount of
MAC i ntroduced into each batch is froml to 20 note % based in the nunber
of nmoles of difunctional nonomer in each batch. 61 25 Septenber 2003 S 10
15 20 15. The nethod of claim 13, wherein the inert organic solvent is
selected from .the group. consisting of pentane hexane, cycl ohexane,

hept ane, tol ueney . THY! fiifiod GRHAI? P HERSIN the nd rﬁmﬁ@éﬁvpﬁmé‘é&é&@ﬁ%ﬁﬂe

ahl oreorm math ‘ene chloride and m xtures thereof 16. The net hod

clai m 13, wher euthetgmup reonsisting of i nentasiey hekans ouslolprants fmt@?q,dl@!uenw The
met hod of cl a'_mgy?’ene‘fheﬁtﬁbrﬁbénfer&?r b@BNbroBehidie, | Snitbs8R8;  chioraform,

methylene chigride and mixtures thereof.

16. The method of claim 13, wherein the Inert organic solvent is methylene

chloride.

17. The method of claim 13, wherein the carbonyl halide is phosgene. '

H

18. The mathod of claim 13, wherein the caustic is sodium hydroxide.

19. The method of claim 13, wherein the caustic is dissolved in water, thereby
farming an aqueous solution.

13

28. The method of claim 13, wherein the dihydroxy compound comprises a
bisphenol.

21. The method of claim 2Q, wherein the bisphenol is bisphenot A.

22. A polycarbonate produced by the methed of claim 13.
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18. The met hod of claim 13, wherein the caustic is sodium hydroxide. 19.
The nmet 6d of claim 13, wherein the caustic is dissolved in water thereby
fornming an aqueous solution. 20. The method of clai m 1325 ii¢efesnher2Re3

di hydroxy conpound conprises a bisphenal. 21. The nethod of claim 20,
wherein the bi sphenol is bisphenol A 22. A pulycarbonate produced by the.
nmet hod of claim13. Ca 25 Septenber 2003 23. A nethod of preparing a

pol ycar bonat e conprising the steps of a) charging a vessel with at | east
one di hydroxy conpound, an inert 5 organic solvent, water, and optionally
caustic; thereby formng a reaction mxture; b) after step a).

si mul taneously introducing a carbonyl halide and a caustic to the vessel
containing the reaction mxture while nmaintaining to the pH of the
reaction m xture _between 4 and 12; c) within an interval of between 0 and
90 % of the tea%.‘?" EmsBigstof pranagag a &WH#WV@E@F?E% ivating a
reacti on systemthat produces nonofunctional aromatic c hloraformates
(MAC) and continuously 15 introducing the MAC to the vessel within the
interval of 0 to 90 36 of the total carbonyl halide addition to the
vessel ; where the r@%' j ' wapd
where neans are pr%de ?B%d‘é%l&%%‘?@ gfletﬁ e hﬁ%hw%%ﬁ@pggg‘%ﬁ"owggystem
to the vessel . organic solveni, water, and optionally caustic; thereby forming a

reaction mixture;

b) aftar step a), simuftaneously introducing a carbonyl halide and &
caustic ig the vessal containing the reaction mixture while maintaining
0 the pH of the reaction mixture between 4 and 12;

¢) withit an interval of betwesn 0 and 90 % of the total carbonyi halide
addition to the vessel, activating a reaction gystem that produces
monofunctional aromatic chloroformates (MAC) and  continucusly

15 introducing the MAC 1o the vesse! within the inferval of 0 to 90 % of the
total carbonyt halide addition fo the vessel, where the MAC reaction
gsystem is coupled with the vessel, and where means are provided for
delivery of the MAC from the reaction system to the vessel.

20 24. A method of controlling the variability of the molecular weight in a series
of palycarbonam syntheses comprising the steps of

A} prepating a polycarbonate preduct batch by a method comptising
63



20 24. A nethod of controlling the variability of the nolecular weight in a
series of polycarbonate syntheses conprising the steps of A) preparing a
pol ycar bonat e product batch by a method conprising 63 2% PRFERI9D03 t he
steps of a) charging a vessel with at |east one di hydroxy conpound, an
inert organic solvent and water, and optionally caustic; thereby formng a
S reaction mxture; b) after step a), sinultaneously Introducing a carbonyl
hal ide and a - caustic to the vessel containing the reaction mxture while
mai ntaining the pH of the reaction mxture between 4 and 12; 1Qc) at an
interval of between 0 and 90 nole % of the carbonyl halide addition to the
vessel : activating aﬂ{eeﬁgﬁé'&n systemthat produces rnonofuntional aromatic
chicroformates (MAC) on dermand; and continuously introducing the -MAC to
the vessel between the interval of 1S 0 to 90 nole % of the carbonyl halide
addition; where the reaction systemis coupled with the vessel, and where
means are provided for delivery of the MAC fromthe reaction systemto the
vessel . 20 d) i ntrodayichgrdif aMbesslavithar kastasie difdhox LomPEaYS HmM fhekthe

pol ycar bonat e organic solvent and water, and optionally caustic; thereby forming a

5 reaction mixture;

b) after step a), simulianeously introducing a carbonyl halide and a
caustic to the vessel containing the reaction mixture while maintaining
the pH of the reaction mixture baetween 4 and 12;

10

c) at an interval of between 0 and &0 mole % of the carbonyl halide
addition fo the vessel; activating a reaction system that produces
monofuntional aromatic chloroformates {MAC) on demand; and
continuously introducing the MAC to the vessel between the interval of

15 D io B0 mole % of the carbonyl halide addition; where the reaction
system is coupled with the vessel, and where means are provided for
delivary of the MAC from the reaction system to the vessael.

d) introducing the MAC 1o fhe vesgel; and

e) recavering the polycarbonate;



64 25 Septenber 2003 B) repeating A until a desired nunber of product
batches is prepared; wherein the anmount of MAC, caustic, carbonyl halide,
di hydroxy conpound, catalyst, and Inert organic sol ventd [Spt #30%n each

product batch is substantially equal. 65

B) repeating A} until a desired nusmnber of pru_duct batches is prepared;

wherein the amount of MAC, caustic, carbonyl halide, dihydroxy
compound, catalyst, and inert organic solvent Infroduced in each

praduct batch is substantially equal.





