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(57) Abstract

A method of preparing a polycarbonate comprising the steps of: a) charging at least one dihydroxy compound, an inert solvent, water,
caustic, carbonyl halide, and catalyst to a vessel, and maintaining the pH of the reaction mixture betwean about 4 and about 12 during
charging; and b) within an interval of between 0 and about 90 % of the total carbony! halide addition to the vessel, activating a reaction
system that produees monofunctional aromatic chloroformates (MAC) and introducing the MAC to the vessel within the interval of O to
about 90 % of the total carbonyl halide addition to the vessel; 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.




caustic, carbonyl halide, and catalyst to a vessel, and maintaining the pH
of the reaction m xture between about 4 and about 12 durin chargi ng, and
b) within an interval of between 0 and about 90 % of t h&5t%rri¢meerHRy|

hal i de addition to the vessel, activating a reaction systemthat produces
nonof uncti onal aromatic chloroformates (MAC) and introducing the MAC to the
vessel within the interval of 0 to about 90 % of the total car bonyl halide
addltlonto reaction systemis cou led with the

vessel , Aﬁéﬁ'é’ﬂ@‘&@s BOR BﬁE\FE@@U%TICH‘éIQﬁ/B YGARRONAEE Bom t he

st on BysLem o e ek AR TR AR O ROCESS, PO T

| NVENTI ON Thi s invention relates to a process and apparatus for the
conti-nuous preparation of nonofunctional aromatic chioroformate products
by an interfacial process: The nonofunctional aromatic chloroformates are

sui tabl e kg agents. in polyner synthesis. The present
i nventi orﬁ&ghﬁgﬁlﬁéllﬁpg@ﬁ{@w process for preparation of a polycarbonate,
in which the process for continuous preparation of nonofunctional aromatic

chioroformate products is coupled with an interfacial polycarbonate
synthesis. The endcappi ng agents produced by the continuous process are

i ntroduced intQ.the |nterf ci al pol ycarbonat e synt he? to obtain the

desired pol ycaﬁﬂ%rﬁ‘fe‘é‘ 'BPJ gs tqt?epé}cééérﬁ”q APeFEishIq rutthﬁh‘éﬁ’"tmoé!ﬁes to-, a
met hod of | igpg i f I hg,

pol ycarb gg@%?hdlﬁen{%fgﬂgfgp?gséﬂo%te éh h%ﬁéj tcﬁﬁﬁd&u YI Izes the

process finterfiebial posnasauolhe moap&mtiood arbma’mmtﬂwn&trmam aee suiable

chl or of or.nat e rodHct s .b {nt erf aci al [Rr 0Cess.
for use as endcappin agen s.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



BACKGROUND OF THE I NVENTION | 25 September 2003 The introduction of _
nmonof uncti onal aronmatic chiorofornmates into. a polyner synthesis provides
a nmeans to control the nol ecul ar wei ght of the ponner?ﬁcS%mﬁmbﬂnﬁQQB I n
general, the greater the quantity of endcapping agent introduced into a
pol ymer synthesis, the lower the nolecul ar weight of the polymer product.
Monof unctional aromatic chioroformates are particularly suitable as
endcappi ng agents in interfacial polycarbonate synthesis because they ]
enabl e production of a polycarbonate in a single step phosgenation with a
substantially | ower |evel of diarycarbonate(s) (DAC) than products

roduced using hydr oxyar omati c endcap, such as p-cunyl phenol..
IC[))i aryl car bonat e@h‘ﬁd(?&o OGHOR Rel Menpiuestional esamatio dciibrdfotiateg| iats a

It , [e erefore.the st
component P14 Y YRSE: Plowice aadaReHS oot B malhTer a g onlér ot or e,
pol ycar borRelgmenito tbes femidd. c dntgdreval, sthefgrBlEr rauguzity Qﬂ“}cﬁfddg?bf[ﬂ)i fc‘:g cycle

' .. W th polycarbonate that s substantlallyf_ree
Furt her . B il intogeeRin 8 YRS S¥ntesise thalowardhe arelchion walglat of

bonat esthea t jesi hest s, .as o t" 1in which
he DAC {10 1o eur oust oaah g ey ol S, sRRic nbrdbfodtie (a8 ol o
and | eads REUEHIBRY sheitable nagubpdeapping negeintsgsn  Fterfactaim pdRASErbasates ed

herein is ' i.ncl al s i (alkyl phenyl carbonates) and
diG( alr yl pheﬁ@ﬁﬁsﬁ ggﬁ%l{s%st.hepr? r‘%&% Hﬁ’dpﬁﬁﬁ%é Qh&tR rﬁ%‘ﬂ@ﬁdf‘lﬂﬁ'@ﬁl%ﬁit@por mat es,
it woul d phosgenation with a substantially lower level of diarycarbonate(s) (DAC) than

products produced using a hydroxyaromatic endcap, such as p-cumyl phenoi.

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



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 without first being purified by28uepterabercid3as
distillation. In the follow ng discussion, the term"MAC' or "MACs" refers
to a 2 25 Septenber 2003 nonofunctional aromatic chl orof ormate conpound or
m xture of monofunctional aromatic chioroformate conpounds. Known process
for the produFtio_n of MACs by an interfacial process include the batchw se
pr oduct i oROBPIUPEESNaly; @RoMalS e gelIRfofatdatege cobIPdumder Orusenikiure  of

pol ymer i Z‘?’bheﬂ‘j(}ﬁkb',%f dj@ ek cﬁlo%gi%r&g?e éé/@@Pgﬂf% et al) discloses a nethod

of preparing atch process. n of phosgene in a sol vent
is introduced into a reactor, to which phosgene and a phenol conpound are
then added while nmaintaining the tenperature at a value in the range of 3
to5 C The pHis maintained within a desired rangg bY adgi;lon ?L an
aqueous causty | Ut 1.on. ess _phosgene.jS~then depleted fromthe
p?oduct by relg’g?v?rgrﬁéﬁ% @Eﬁ@?iq{pal’fﬁ@bpﬁ%‘g@?% Bf ”%ﬁé@cial'l PIPERSS5, 399, 657
i nvol ve linclgde hiaé Gatdiwies prodidtonl dpMATS. bﬁtﬂ@tﬁ&%qﬁfznggtd@%@%maw es. US.
Patent 5,274,164 (Wettling et al) discloses a nethod of preparing aryl

chl or of or4fgtiBPayMengatiodact i on of phenol's with phosgene in the presence of
organi ¢ phosphorous conpounds. The process requires long reaction tines,
and the addition of a catalyst,' such as the organi c phosphorous

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

3



conpounds, necessitates. extra process steps to recover the catal yst from
the product. U S Patent 4,864,011 (Bussink et al) discloses a nethod of
preparation of an aromatic polycarbonate with a MAC endéapysnignbejeivo3
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 ynerjqgali r i in @h | T SiF8tioAUFd rization,
t he MAC nust bg gt;ﬁtﬁ@@i z'g(g’,nﬁnpur??)i%g , dgﬁgﬁst‘iﬁtgﬂ. Fél—dt}rg?ﬁg?, B@’(Qai%gery of a
quant i t y polydartinete a véthedoivi cDAGL nt This phecdsst chowever s hass usevieyalr equi r es

an additignal apparatus fpor .storage chargi.ng. .It..would be desirable to
devel op SRiYRRBERE e YR HE FHEET ARSC Jo R BReuZa L SRR NAL Rout ¢ he
need for spuEifiti géiht Auringnthé NpolyMBRAEAtiiQ Uthe BAD Efust tbevodynthdg-&yen nore
desirable to devel op a conti nuous process whereby the MACs coul d be

pr oduced Pufified, anshs nfrurthan riialivershofsa queolity AL atda speeifie patiiti ng of
t he MAC ' US4 ri '

parti cul Eﬁ ﬂf,eegﬁ%:hﬁ%@gg oﬁg&léérysl%ﬁp hés:ég' %dr(jcl)tti;)céﬂsa-}sf %ggﬁ%hls ggrdlgtiog%@?%ngoupl ed
process \hafginge desirable because it would avoid the risks associated
wi th maintaining an inventory of MAC and phosgene- containing materials
associ ated with MAC producti on.

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




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 séPoxntesbefi2dfdssed
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 appifRadtich diaKé NIALY 6 Prédeenhaitbdasd halfflicWBIAC YonldntVipid d al so

be desirable to devel op a process in which excell'ent nol ecul ar wei ght
control odoqd gelifvar bonate produced in an interfacial reaction is

achi eved. Ml ecul ar wei ght control is usually nmeasured by the standard
devi ation of the nolecular weight for a series of batches. Good nol ecul ar
wei ght control, i.e. control of the variability of nolecul ar weight of the
pol ycarbonate produced in a reaction or series of reaction, is directly
rel ated It wondthtalsol beesinabladbatavietop agirgbessyirswhicht gxcellbhemaolesularei ght

determ nes . npl ecul ar_ wei ght viscosity; therefore maiptaining,.the nol ecul ar
wei ght i nwﬁ'ggﬁaﬁqnﬁﬁf roo{naeg?@gﬁrlb%‘?% Fi;ﬁ‘é”‘?ﬁed Af eﬁ%n‘gga "3toleiPar iSnei ght
Vi scosi t yadhievkd. NaMbRBURRASight tcohfroP &6 iusaRile rﬁ@aéméat@t)!@hé *ﬁaﬁ@ér@cul ar
wei ght viscosity in a narrow range to control processibility of the
product . Jiatioranbihe maleeuar weightrfor aoserier ofnbatehesar Geedgtmoleduarosi t y
over a sqrLigRt YonboPIHS! BRAKEISY 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 viscosity; therefore maintaining the molecular weight in a
narrow range results in the maintenance of molecular weight viscosity in a
narrow range. It is desirable to maintain the molecular weight viscosity in a
narrow range to contfrol processibility of the product. For example, narrow
control of the molecular weight viscosity over a series of product batches
would enable a molding 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



woul'd enabl e a nol ding machine that is processing polycarbonate fromthese
batches to operate for extended periods of time w thout adjustnent. BRI EF
SUMVARY OF THE | NVENTI ON The present invention sol ves tRBesen#napgreidd3 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 or of oramérdcappliCrgsnistiapolymar syntleess.' |2 ©nSegrhbotiareri2 0H@ inverdivtcappi ng

agents in P I r synthesis. In one glﬁnbodi ment, the i venti?n relates to a
cont i nuou® %?%c @ FQNNHEUD  BIDCLSP | Ke rRigBa@Aten; ghamong ppal

chl or of or yrRhesticMNa oM (e Y HAViNd theSstédctu rein nis an integer froml
to 5, and'ﬂl‘;, represents%&roggn, a rancf]e% ﬁéﬁ(;@ unbranched al kyl group
having from 1-15 carbon atons, an aryl group which may be substituted or
unsubstituted, a cycloaliphati& group which may be substituted or

unsubstituted, or an aryl | §ré&p which may be substituted or
unsubstituted, the (R Pi si the steps of a) introducing 1) an
aqueous caustic solution; ) a carbonyl chloride; 3) at |east one

nonof uncti onal hydroxyaromati c conpound; and.

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}.




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 (15 eptenegst2dfBer
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 systemconprising a
reactor consisting essentially of a tubular reactor and a neans for
conveying fluids through the reactor; the tubular reactor having an input
at the wupstreamend and an outlet at the downstream end; b) introducing
into the tubular reactor at the input of the upstream end a feed stream
conprising an inert organic solvent and a nonofuncti onal hydroxyaromatic
conpound; c¢) introducing into the tubular reactor a carbonyl chloride; d)

i nt roduci ng i ntroandtbet eimbbdimentathednvemtiorarpletesado caustic. sol ution; e) -

ef fecting contact between the carbonyl chloride, the nonofunctional

per od arf G BuREFTRERES i M aREbAFRh & a4 SRR HerBhn beUrd big™
Septtenberstatﬁlﬁard M), B3ddfpiedeitond| oBmprisingehé Biepatdfon rel ates to a tubul ar
reactor system i

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.




conprising a) a tubular reactor having an upstream end and a downstream end
and at |east one input and at | east one output; b) neans to introduce
carbonyl halide, aqueous caustic solution, nonofunctioRal SeRfeMbs2l08nati 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
; C) means to convey the reaction m xture through the tubular reactor,

under turbulent flow conditions characterized by a Reynol ds nunber of
about 200 to about 100,000. The invention. further relates to MAC prepared
by the aforenentioned  nethods', reaction systens. utilizing the nethod
coupl ed Wit ANYIHLY cambrsfimeat, thel Rventionelates yat 2 fbulan depelof csusterpat es
produced(gynﬁmgﬁg systens. In a second aspect,-the invention relates to a

t he preparation 0f polycarbonate products in a batch interfacial

pol ynmeri zati on process coupled wth the continuous process for the
preparation of MAC products, and a 8 25 Septenber 2003 met hod of
controlling the variability of nolecular weight in a series of product

R LRI RN b AR S

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

8




a) charging at |east one di hydroxy conpound, an inert organic sol vent,

wat er, caustic, carbonyl halide, and catalyst to a vessel, and naintaining
the pH of the reaction mixture between 4 and 12; and b35 Gephinbesi20081t er val
of between 0 and 90 % of the total carbonyl halide addition to the vessel,
activating a reaction systemthat produces nonofunctional aromatic _
chl orof ormates (MAC) and continuously introducing the MAC to the vessel
wi t hin t haethadeofeontadliin the Q&HAIAY of Nheled ' jtion to
t he vessel : hwher.e tE,e r‘I%/]IA\C reacti ofrll systemlgiéi‘w(‘:agjfotIt?lggay%\/le”{r%SI7 bfﬁreo?@g sel, and
wher e. ngtéq{g-e%'t’@?gﬁ IS\ATBeR’FS or delivery of the MAC fromthe reaction

systemto the vessel. The invention further relates to a nethod of
controlling the variability of the nolecular weight by repeating.the
process for the nunber of desired 9 25 Septenber 2003 batches, with
substantially the same anmpbunt of .carbonyl halide, caustic and MAC and

i nert organi c 18oPR@ngmbpgdinert, tha einventiari nebates tneehdd \Fnpidparingl ates to a

met hod of, R &PRSA 18 comprising 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 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 -

9




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 fornming a reaction m xture; 2p)Septaraber2083 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

t he t ot al batahbsnwith Fribistimtialid dhé isamd Qﬂfdﬂﬁlt\b?%‘éﬂﬁony@?%ilié{éth t&A gction
system t hgt. produce monof uncti onal aromatic chi orof or mat eésllg? %S? and
cont i nuou@'ﬁppﬁﬂ FWEETQ?@'Q%'VW to the vessel within the interval, of 0
to 90 % of the total carbonyl halide addition to the vessel; where the-
MAC reaction systemis coupled- with the vessel, and where neans are
provi ded for delivery of the MAC. fromthe reaction: systemto. the

vessel .. The invention further relates to a nethod of controlling the
variabi ity ofln @ futheslesthadimenkitheinuentionpelatenp 4 heesthod e preparing he
nunber of i - Wi.th substantially the same anount of carbonyl
hal i de, caaﬁ@%'%g’ﬁgﬂf‘n)ﬁ@ﬁﬁﬁﬂ"Eéﬁ%éfﬁpam‘;r 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
conti nuo%ﬁ RLAGeSS to tPr odyct Cis _ :

- arging 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 introducing 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.




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 follow ng detail ed description of the2pSsptanmizsd 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 formul ations, as such may, of course, vary. It is alsoto
be understood that the term nol ogy used herein is- for the purpose of
describing particular enbodinents only and. is not intended, to. be
limting. 25 Septenber 2003 In this specification and in the clainms which
fol | ow, W@%BE@QRPITKB&I OFdE DRAWMNGSer of terms which shall be defined
to have the follomnng meani ng. The singular fornms "a", "an" and "t he"

i ncl ude f r e Le y t rw se.
" Optl ona{#‘lél"ﬂiE of)tl %ng(ﬁfeynlfgﬂrlrcgﬁﬁag[r% Ofﬁ s%j't' éﬁg‘tf(dtl ?/fdg"ge %l’t\l%g'ggrt' r}gent or
ci r cunst groducaMAL byaycondihuoas procedsd t hat the description includes
i nstances where said event or circunstance occurs and instances where it
does not. "Molar flowrate" is in noles per mnute, unless otherw se
stated. "M xture average tenperature” is defined as the tenperature that a
FIGURE 2 is a schematic diagram of ocne 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.



m xture of two or nore conbined streans achi eves at equilibri um under

adi abatic conditions, i.e., with no input or |loss of heat. An "on-denmand"
process, as used herein, enables production of the requ??e’%ﬁpf%{'ﬂWrﬁooéf
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 i ndefiln this speeificatiar aad, ini theocldiens which &ollony| referencée adll e

conti nuou o ar bonat e nt hesi.s, p C, endc 2 25

Sept enber'%f8§3 A %'Hﬁf"ﬁr?é HﬂﬁIWIPI'% %@agﬁrﬁﬁn@dh@’pgéyﬁsﬁg Eoﬁewmgenm at ed
herein, meAhmigds a single hydroxyl group or hydroxyl radical. In a MAC
this hydroxyl radl cal is replaced with a chloroformate.group. The term
"pol ycar bonat e" as used herein includes copol ycarbonat es,

honmopol ycar bonat es and (co) pol yestercar bonates. The terns "endcappi ng
agent" and "chai nstoppi ng agent” are used interchangeably. A "sem -batch"

reactor recei Vege %n,rglﬁ\rt fo@,lnscdgar %no‘;n gf 'rféiﬁvth]@mrgf r f&@nﬁ%dﬁ 50{ hgor e

reactants and optio y solvents are feact

cour se ofthelmentexd cldanly. diatds othaowises, hovvever, are often referred to
sinply as "batch" reactors. The terns "batch" and "sem -batch" are used
i nt erchangeabl y t hroughout the rest of the specification.

“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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Throughout this application, where publications are referenced, the

di scl osures of these publication are hereby incorporated by reference into
this application in order to nore fully describe the s€atSepsmiai€088t to
which this invention: pertains. 13 25 Septenber 2003 In one aspect, this
i nvention 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 the production of polycarbonates in which a process for
produci ng hydroxyaromatic hal of ormate endcappi ng agents is coupled with a

reacti on system,for raduci,n ol ycarbopate product. 1. Continuous Process
for the Produ i@HnB?PWVﬁ%aiMﬂ%BH@GF PReEes. 2% coplegaplated: ereimvent i on
concer ns doheaifé aranrdkl Biirosf BF 4G R4 | i . The MAC
products are sui tab@e Wgs )gevn cappi nggage t-@q“%m'aqrg%l M%‘e@qg?m@i‘?@

" React i oriadigat isfeplagad withemchiorofomsatesgroupn section (1) of the
specification refer to the continuous process for the production of MACs
suitable for use as endcappi ng agents, and the equi pnment used to produce

t hese products. In sem -batch processes for the' production of MAC
products, the nonofunctional hydroxyaronmatic conpound feed, a precursor to

the MAC prod(ite, temay“pndycatbonaid” agaysets hetein sndigdes CopH§cadanhfds, i N or der
to maint %Brr]nopoiycarbonates and (co)polyestercarbonates.

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

A “semi-batch” reactor receives an initial charge of materials, after
which one or more reactants and optionally solvents are added 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. |



t he concentration:.of the: nonofunctional hydroxyaromatic: conpound at. a-
low level. Inthis way, it is possible to mnimze the DAC formati on
reacti on between the nonofunctional hydroxyaronatic cofpciamierarer 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 oxyaromatic conpound is fed to a single input in a plug flow reactor
system and reacts as it proceeds through the reactor. As the

monof unct i onalinhgnis @speciythlsi ibventigo ¢oHcéins 2@ RRAtIRUSYs TREEddsOmbr thee MAC
Therefore, there is a_zone in the plug tlow

concentratiqQn incr?a'ﬁé'\s. 0 ) gt
react or HEAYCHEY 1PTr NGy BRESaPRINhedgants ndselialc ik opelymer asyrthesisr gn

signifi cgﬁﬂ- dih Y@?H' at within this reactor zone, the
product i n.I? atrei %A%Saﬁé&?%g%sg%i d 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
extrenely low, typically in the range of about 300-600 ppm (parts per

o oty Sl e BSBE e Bbon
coupl ed b polyehpsiabenaine valyioh Nas ipfocddsOT8F SploduingC Hydnes8HFoREBE eSS

accordi ng\ato the first aspect of this invention, it was al’so unexpectedly
found t hAR!GFAENAEH SNdEapPPiBEarIRYS: dx yeaumied i with cad reanticer isystemasfovi rt ual |y

fully CO’bY@&ﬁcﬁﬁgbBIy%on%?é }Srcﬂﬂx%ﬂt 0.2 to about 4 weight

I. 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. ' ' '




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 produé® SeptemrE00der e
very low. Typical. reaction tinmes in - the. batch process to. produce MACs
are in the range of about 30 mnutes to 60 mnutes. In one enbodi ment of
the present invention, using a tubular reactor, the reaction of 15 25

Sept enber 2003 hydroxyaromati ¢ conpound to chlorof ormate was conplete in
about 1 to 5 seconds. In batch reaction systens to produce MACs, it is

I nportant to maintain relatively |low tenperatures in order to avoid high

| evel s of, DAC fornation, for. instance, .tenperatures .the range of bel ow
about 10 NFoniagt 'mpnwb%%ée{t&ﬂ ?pthgﬁstpﬁ%?eqso NeaiRERicoul d be

obt ai ned éﬂhbWﬁoﬁ&ﬂhbﬁ&@ﬂﬁggﬁi?ﬁd?ﬁatwgé@p?gﬁ% géwéd V8 iR when the

reactor was operated adia ally an to achi eve the boiling

t enper at ypleg diowt readton syatem amd reacts @sbib grosaads throwgh e reaciosolAsent i s
met hyl en:}hchl oride, .t h@ C(H‘Iti nuous,. reaction ) stem may achi gve tthhe boi l'i ng
t enper at JPE BPNPHECEQRS] YAroXYaTalg caRTRgTI 8888%5%&&0 Th"Fow | evel s
of DAC. NARAE Bahédrittdtivhl Mcrdades. f Thelef@@pakére ish8 AWreSRNthed PURNTb@N rel ates
to a continuous process for the interfacial pbgRar ation of endcappi ng

agent s ugengior whefs| beldr tee nhydrexyaromatice pada iy cageanalieRs nfet he

formila (gi&ﬁiﬁéér}t. It would be expected that within this reactor zone, the production
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



where n is an integer from1 to 5 and R represents hydrogen, a branched
or unbranched al kyl group having from 1-15 carbon atons, an aryl group
whi ch may be substituted or unsubstituted, a. cycl oal i #hd&sptergras2003whi 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 orof ormate, p-cunyl

Ot orof or ipdrny&RRMIRNCSNbAIN 26 TR Gofdidte v@%kgrﬁéh]piétghiﬂo%&tgﬂﬁg? formate.

chioroformate,  or a m xtu ere nore pre en

p-cunyl cheearsisormate, or a mixture thereof; even nore' preferably p-cunyl
phenyl chi or of ormat e. Conpounds of structure (lI) are herein referred to as.
MACs. The process of the instant invention is conducted in a reaction
system conprising a vessel or vessels in which the endcappi ng agent is
produced in continuous manner by interfacial reaction. By "continuous" it

I's meant that Inriestch aeactionr systarns o0 peedLc AT dUistifpaFanMd RiHiath
si mul tanemlls{é)/ flbom the reaction system Further, the products may
opt i onal | \Faely lomutemperaivres# prdesite iaveid/highdevelsef fiermatian, fore r eact or

systemi s; e raug e t t_ gt i huf_ down,,. whi ch has
t he addedm§ v%%t %@ngguépiﬁyﬁ‘%ra%?..b&i%e%%"fq goat%t er hM6tess,
parti cul auexpeotadhy founadhat iowdDAYCEOERBEESIE Wet ditEinadiA Qﬁ@%éﬁtirmﬁjsr eaction

system may be coupled with a batch polynmer synthesis with the MAC product
i nt r oduc@2FtPTt A¥SIER) afethe 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
e
A= 0

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



synthesis reactor over a time interval, the reaction system may be coupl ed
with a continuous polynmer synthesis with the MAC product introduced into
the continuous pol ymer synthesis reactor at a rel ati vely Iaptynken2003t 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 eaRlopdtorBbitd, Prchmyr Gicetdminte] clireafnldhidgfGemitenbety gRékd bhe system

allows for the continuous production by interfacial reaction off MACs, the
product haayhghanyloshlpeafermaie, psGa amixtiisr drreell mor Miaterabiiaphenyl

caut prenenRroafmRREn By ERRSBR - 3r 0L P Te Bloraly Bl e cg,
i ncl udi ngréfatabmpt pumiyt gshdryichisrefdramtel Compoundzusfssiractace t@nlare eact ors
(CSTRs), a tubul ar reactor or series of tubular reactors, one or nore | oop

r eact or s hefeiR gpteg@ddr@sMAGSr al el , a network of CSTRs and tubul ar

reactors, a colum reactor having m xers in several stages, and an
agitated colum. The reaction systemmay conprise nore than one stage, and
cooling as well as introduction of additional reagents may be effected

bet ween stages. An on-demand process, one enbodi nent of the invention, nust
sati sfy nuch Therprocégpobiie instamt investion is sandyctegiie acwactinnsystesper at i on.
For exa

coupl ed bFiprisindl a Y884 VBRI SN h WA thS BhacBHRRG Shehl ¥ plciudb ST Y

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.



pol ycar bonate synthesis reactor, the production rate of byproducts, e.g.
DAC, during MAC synthesis nust be low during the entire tinme fromstartup
through shutdown. In contrast, nany known continuous r&adarbmgar@®88ses 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 evat the Systemmultbweffot fiee Toatihugud preductibn Ty énteffatian weadiasr ecess, to:

pr oduce. , .as, described herein, Y. optionally operated as an

on- denandwﬁ}‘%sﬁcég‘é .pr‘%@f‘"ér"}?é[ﬂg/@ﬁ@,’" '?Y@n‘%&’g& ﬁ‘ﬂfgl:@re%ﬁ%m%ﬁ”mabynt hesi s
as di scl%ﬁﬂ ' e é\/’ﬁ%' r r and
subsequent ugg%ﬁ@t%?a%@g%% th%gg?@t@éﬁougﬁges synt hégi%ﬁcﬁaﬁ%}ggﬁr ed, the
MAC may bany equipneant farengement daethichn aprantiooous seadicBapbgideceff@68ad, mi xt ure
usi ng wel | |kgown rOC Sﬁeiqa sych as .di stti | aﬁi on ang d(éciiqmﬂo . The MAC
product nlﬁfj‘_u NG bt Pt e n[q & eRES 206 6Pl HRHS RUTCCSolAENTE]FOS a neat
l'iquid. ICIFRYY, &f aitahaerdattdcsp sehes MMGuBAlaHrbaRtofs, drdl\dhr n6RPlodNd
water-free. If there is any water present in the MAC |1 quid or solution,

t he MAC |fieggtads &t sedes andion penallglda betwekdif CSTRs sinduuibivias reactors, tehat t he

i nvention [ | sQ. u | t of ..cont i nuous -processes

for MAC p‘%@%ﬂ‘ctﬁ%%ﬁ%? E%%’ ﬁwgrrg')eﬁ%}ne%qéeﬁtir%gg%%?ar}'dz%@ aﬂ@%ﬁc?mlbrﬂgr atin. For

exanpl e, reactioe sgstesdim@ntombris@endrevibahi ik stage, and cooling as well as
introduction of additional reagents may be effected between stages.

An on-demand process, one embodiment of the invention, must satisfy much
more rigorous requirements than simple continuous operation. For 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
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conti nuous reaction process that conprises a tubular reactor with a short
residence tine ( preferably 0.5 to 30 seconds) is followed b¥ a surge t ank
with a long residence tinme (preferably greater than ab&tSeptambRit2S $. 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 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 avoi dimigturensingeel bmywofprmsesdsmcdsasldﬁtil!@ﬂé@sgﬂ@@ecéﬂta@gnf Thst, a MAC
roduct i react qr _that conpr.ises .a short residence tine tubular reactor
?\M t hout Rﬂﬁcﬁaﬁg@mgﬁgﬁw (g jnitehars AsSalitiascin 3/ selyapt ¥as 8 neat

pol ycar bggaie 18 piefsrable foe@éécipfhefwésom&ﬁ Jr fiuRScdd) NG wateF 9ol NUOUS Or
an on-demand reactor. The products of the continuous process for "MAC.
product i #ritheeg iscany swdedpresentinpiieybl&h bauideorssolutinrs itee pdACriiquid or during a

bat ch pOEXR'ﬁPg%ﬂ?&%\A%%(%iHFSi s. In one enbodi nent of the invention, a..

reacti on~sys e continuous process for MAC production is
effected is coupled with a batch polynerization reactor, and the products
of the MAC reactor are charged to the batch reactor before or during the
pol ycarbonate synthesis. 19 25 Septenber 2003 The process conditions in the

i t t th A\Cs i ed, and general ly any
br ocess. angrd b SolEd st Tas iyl apaleciered ko mc@or aobedmasta weon ¢ he
carbonyl of bbffifdlfsABrbddise MM drBddbiion il A A B ANBOBPOBRY Occur s
to produce the MAC product. The fe

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.



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 2% Septanizi2088n t he
carbonyl chloride, inert organic solvent, aqueous caustic solution, and
nonof unctional hydroxyaromatic conpound entering the reaction system The
tenperature of the mixture in the reaction systemis preferably maintained
bel ow about 60 C, nore preferably bel ow about 50 C. The term "m xture" as
used herein refers to the contents of the reaction system including, but
not limted to, the solvent or solvents, the reactants and the caustic. As
the reaction i s exot e teq§$rature of the reaction mxture

hey.m c,.
i ncr eases! 48 PIPRESS e't&nﬁ?%rﬁ‘zépﬁrr@?? L ayRiefel® Rioduagrine MACEaBRY 88 system
The t enpeygdd, %n@ltgé’l’@rﬁﬁy any gf&%%ég%ﬂrﬁﬁt@%;&ﬁ%é%nﬁ@%)gé@' SdedtRgNds on

the particular solvents,” rea , COO means, The reaction system
may be cdbeedeaetiarpebeiveasn adttieatearberyl| whickidet adride theoofmiongfumetiosali ncl ude a

cooling j e-cool er heat exchanger, .a exchanger jn a

recir cgl Z‘ﬁﬁéﬁ’&%@%&'g ‘i?&iilt’%ﬁgﬂﬁﬂﬂéﬁ%ff’alé‘é% t@%?‘?&%rﬂ“’éﬂ% qﬁﬁl #leleﬂl e
react or sgteda@ilorastrean ienterirgP NeneRitio R steP@ préf@Rabif it a Fhixtrgssel s may
be cool ed, or heat nmay be renpbved between'the reaction vessels, 1f the

syst em coisrage feetbtamperaturerie the aarge sbabeitriDi G twdabgum Htlfil; dma":egnzgn(sz
operation, it is preferable o operate the system adiabatically. In _
Sept enberprﬁt%%b!éf %@P‘ ﬁo%g(t,% IabQ‘ét g’ﬁi gbﬁ'ﬁ"? ?e‘?cgéﬁ‘ﬁ'ﬂ & sHgpMsoFRNtaintBer eact i on
vessel orcareesg! ehloride, inert organic solvent, aqueous caustic solution, and
monofunctional hydroxyaromatic compound entering the reaction system.

The temperature of the mixture in the reaction system is preferably
maintained below about 60 °C, more preferably below about 50 °C. The term
"mixture” as used herein refers to the contents of the reaction 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



may ‘be insul ated according to typical industrial practice. Prior to
introduction into the reaction system the feed streamor streans nay
optionally be nixed by suitable nmxing neans, includi ng2bfeptamber|20a8t ed
to, an in-line or static mxer, and an orifice mxer. As nentioned "feed
streant or "feed streans” as defined herein refers to the conponents _
entering the reaction system and may include one or nore streans entering

the reacti gn -zaollstem A m xing zone may be established before the reaction
system tHESE @Ph@ﬁesﬁfgétéﬁﬂcnﬁ?‘c%rﬁﬂﬂdé@r& WS reactioineesssl opoersedhi | e in

t he reaCtrilQ?béXﬁ&LﬂQiedté&oFﬂiﬁggﬁl 'iéi'mo%ﬁié* [ Yoidi tated at an intensity at

| east sufficient to prevent gation o he aqueous and organi c phases.
| f segregation occurs, the conversion of the reactants to the product wll
be reduced. The agitation of the aqueous and organi ¢ phase shoul d be

regul ated such that phosgene is not wasted by increasing its. hydrolysis

rate, which ogC xcessl viely int.ense. m xi . noa tubul ar
reactor, . oneﬁgoﬁbg)d?ﬁn%ﬁucg'?ﬁt E‘Zé tﬁhv%%li'gﬁ,ﬁf%%mmqﬂ?n@eq StreRy) tCSV is often
et Al dpeipeia R el Ui e A e
(cm 7 segi)”nit to. g1 intlingrprdatic mixgrgand ancyrifice mixer. As mentior%led “feed

stream” or “feed streams” as defined herein refers to the components
entering the reaction system, and may include one or more streams entering
the reaction system. A mixing zone may be established before the reaction
system, the reaction system may comprise a mixing zone,- or both.

While in the reaction system, the mixture is preferably agitated at an
intensity at least sufficient to prevent segregation of the aqueous and organic
phases. If segregation occurs, the conversion of the reactants to the product
will be reduced. The agitation of the aqueous and organic phase should be
regulated such that phosgene is not wasted by increasing its hydrolysis rate,
which may occur at excessively intense mixing .

In a tubular reactor, one: embodiment of the invention, the mixing

intensity is often characterized by a tube.Reynolds number, defined as:



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. Fhé&eaptenhar@0Dd 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 neering Progsess, July, 1986. The reaction to produce MAC requires an
al kali netal =base and/or an al kaline-earth netal base herein referred to
as a caustic ceffrpound.. The caustic conpound-is, preferably introduced as
an aqueous caustic solution conprising the. caustic conmpound. The agueous

caustic s I QYL f%%ﬁ conpri ses potassi um hydroxi de, sodi um
hydr oxi de&gﬁ% %];(%ggs t %)r(%ncl)f, even nore preferably.. sodi um hydroxi de.

Thee aqueous chasplugiondelacity throgglefehcatsiny/ 98k a strength of about 10 to
about 50 wei ghp nRnERAdendifyabai/ably between about 15 to about 40 weight
percent. 22 25 Septenber, 2003, The aqueqQus caustic solution is preferably

i ntroduced i nt4 TEUOBMCATBE™ rCé%EtS?“gn systemin a separate stream from
the stream containing the nonofunctional hydroxyaromati c conpound and the
stream contai ning the carbonyl halide. In one enbodi mnent, the aqueous
caustic solution streamis

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.



I ntroduced at the upstreaminput of the reaction system Alternatively, the
aqueous caustic solution stream may be introduced at ané point or input in
the reaction system which allows the reaction in the sy3%capgmbeie208ar bonyl
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 ablThet aquetus daasti¢ seldigneisuprafarably intemdudedomts ttheacardinubhge upstream
i nl et of the,react#gﬂ system 1In one enbadi nent of the invention, the

react i on "€9HBEMSY TR @oﬁﬁpﬁﬁéﬁg gtreamy §ﬁ°"ﬂ)r@@0(§!tr@|am FAYRIRKG sih?an i nput
t enper at l;'ﬁcfhcff@ﬁcﬂd?%l Rﬁd&%%m m?'con%wcsirrfaxséﬁ OfFRL bﬁe&ﬂ”@%ﬁirﬁ%qhéner t
ondprecool e e

organi ¢ solvent, a se rec r to establish an input erature for
t he aquecashawldalide.sdt oneambadithent nheaaquadust cdustic aobitenh stoedrndsfir st

| er bonyl hal i de, f t Th f unct j onal
byar oxy it uckdcal e ARt pir o e eabih asfom  AUSmAFebite n: ¢ hi s
enbodi neRgueodd @audtit 66kitoR aiEant nsd) BbiifftolSeced fa?‘énxtﬁbinl_t BeirfREGRd; .

precool er. The cool ed aqueous causti'c solution and the exit streamfromthe
m xer ar éhe Fearticadsyséemnushich allows, thepieactienin yhe syatem af theaerkonyl I n t he

cont i nuUoOYS,: | el Lt 1S r, t r pr oduct
o cont af Bies A6 e dERFSMREEBE T orbl AN SHERSsE ol PEfEIRE. 51 e s
. causti ¢ Thepapleaustaystiosotionastream maeppticistly He §eimimodwerostiote | S
needed for the conversion of the nonofunctional hydroxyaromatic. 23

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.

23




25 Septenber 2003 conpound to the MAC, it is possible to control the extent
of the reaction, or conversion, in a given section of the reactor by

adj usting the proportion of caustic solution added to £haiepigsehar@f0s Under
substantially adiabatic reaction conditions, the amount of caustic

i ntroduced into the reactor section relative to the anmount of :
hydr oxyaromati c conpound and ot her feed species determ nes the extent of
tenperature increase in that section. The tenperature sensitivity of the
reacti on comhmmiridvta the MAGritis pBSSiBeniohemritm] anel exwent dfrthenrBAGdmrgrati on is
a key factor which is . considered_in determ ning the amount of caustic to
be added GPEVEEHORy N 7 iverhgaelan of the Jgactor dyqadinsting de meepetioeraft age
cool i ng, id ' ic conditions. In the present -
invent?oé?ﬁ%ﬂggg%@ggﬁgpggﬁ?g?%g%ﬁgﬁﬁ'caustic are introduced into the
reaction systemat flow rates which are based on nolar ratios to the
nonof uncti onal hydroxyaromatic conpound feed rate. Thus, carbonyl halide
hydrol ysis and the formation of undesired side products, such as DAC, and

resi dual o] i,.C aun e M.QJL . | qyi ng_a r.eaction
pr ocedur ed}ly drgrm%%‘@%ggﬁéll%ra gpdél at“gnfel%ﬁgp rsTk §+%ﬁﬁ§omen~eﬂ$ﬂn$%nﬂn Pﬁgcqq"ﬁgcrml ar
f1 ow rat iimtsodifcedhiato thearesictor-sevtioh rerutivertw|thd anélgnitsf. hydrBB/aromatic

nonof uncti onal hydr xg@ronatic conpound feed rate, with only secondary

at t ent i oifOBHAMITIANE P1B8T tTBCH HBPeRieS cletermiBes g exlept @éplempaigtusd t he
desired Gyuabhdd irPfhak Esctmredrﬁ% rt]éerﬂpaﬁdt ! sé?{sgg)ti{g;qf?ﬁ'e réHRiohaB RNt s, and

the operating paraneters o eaction's
towards MAC synthesis and away from DAC formation is a key factor which is

considered in determining the amount of caustic to be added per stage, the
number of stages, and the need for interstage cooling, particularly under

adiabatic conditions.

In the present invention, the carbonyl 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

24



ratio of the nolar flow rates of the carbonyl chloride, such as
-pl)-ﬂgsgrggne, to the nonofunctional hydroxyaronmatic conpoungqlsr%?elﬁgéégaﬁf
Sept enber 2003 reaction systemis preferably from fabout 2% aveut
10:1, nore preferably fromabout 1.5:1 to about 5:1, even nore pf rer y
fromabout 2:1 to about 4:1. The ratio of the nolar flowrates o the
caustic (as equivalents of NaCH) to the nonofunctional hydroxyaro

' Wl ' f blLy. fromabout 1.1:1 to about
3717 mor e el ST B, AR, o “o60dl is:s e i br prareer abl v

f r om aboutprefesatily froraabott 1.5: 7 tdlabdtites: § OBRID RIS gmrﬁﬁbérﬁ&h%ﬁo%1 reaction

' , alternatively, sone co be
Conbi ned HOEBRUE 8- Ae Sall of Sie M fave aleaci e systiorsTouieiensl o, (he,
' | roxyaro ( !
be. i nt todused 1 an SR Ll R PR Ml S PPA i renteagpien  oam end

i ' | Nt ' system
O e e Y ah DD ot Tttt 8 sB0ut Bof imofb pRTofdEAY i, o)

l,a4. atl os, ,however, In i
:srggt g\é]erﬁlakgOHgéféwéet:? %lh%ust ?-leﬁ"ean@%%tpﬁﬁﬁer%blytfrm?]rmn_ |‘:)6.‘sy<sta$m_ X It!sgl \?gﬁt
. : . . . . nl
i mentl,7:4he carbonyl chloride is mxed with the inert orga \
Sﬂjg(rjl to introduction into the reaction systemas a honpbgeneous sol ;.It I on.
I n anot her enbodi nent, the carbonyl chloride is mxed with. the inert I
organi ¢ solvent into which has been dissolved at | east one nonofuncti ona

The components may be fed to the reaction 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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hydroxyar omati ¢ conpound, whereupon the mxture is fed as a honbgeneous
solution. The carbonyl chloride may alternatively be introduced into the
reacti on systemin the formof a gas. The aqueous caust2%T Seplamber 2003
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 c conpound. 25 Septenber 2003 If the reaction
system conprises nore than one stage, feed nay be introduced into the
reacti on system between stages. Feed may include one or nore of the
foll ow ng: aqueous caustic solution, inert organic solvent, carbonyl

chl ori de, and nof unct i onal hydrOﬁyaronatic conpound. In one enbodinent,

the invention! %TQQP_&'QPeﬁYSF%BCQ%?P mscm%%ﬁﬁam o8¢ staem fed may beur
stages. TifodlReRl RS e ReciBl ARt TRAIRLLE SERIIOUALdRaP hddlid gyced 1nto
I as a soli1d, as a nelt’, or a

the reaction systemas a solution, m Xt ur e
t her eof . orhmoveiajhtheofoliohingroagdeoust icaustic lsptitiory dnertredriganicospieeny i nput

to th ti t | at i t,o t i ght of .the i t [ I t
oput 1 S3frSR UG riactind sl Dy dGtemaut Somptinndene0 The-
monof uncighetidimByel itAsiaventrin & & QRPN aFRF WRich Sdisteskd ﬂ%mh@h@ t@" in

part in the inert organic solvent streamintroduced 1nto the reaction
system ffour $agesnbodi ment, the nonofunctional hydroxyaromatic conmpound is
di ssolved in the inert organic solvent and the streamis fed into an input
of the reaction systemat the upstreamend. |If dissolved in the inert
organic solvent, it is

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. -



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? &@pfember 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
streans and introduced at input. points: along the reaction system 26 25

Sept enber 2003TAd¢esig@ohciline of e RhCHO® MiRRES iPtheTreddibh dydtdgspaction
systemis_a function of volunetric flowrate t hrou?&r;nt he reacti on system
1T the rehPeliom of YplraelricJlow ralsuhseugtethe tractiosrsyisfarnané éhe reactieengt h and

di anet er €. LE e L hj desired resigence tine
and t her e%;sté'gc S.i évgfbué'ﬁéroﬁ%?é%}mfé'?’e Sgg%ﬁt‘é?t%% !ﬁ"iﬁﬁ? gqf'del\/ﬂ@rﬂ? Ot Mepesi gn
consi der ateiactort imaly he evareumto dahigheuq tesived aasidense aife 88§ ahbRasy by
Levenspi el ,i.n Chem cal Reaaiﬁ@pg}e%i' neering, John Wley and Sons, 1962.

Pr ef er abl SFN¢YREN QREMYM ¥l 9 irgdiNAGT pradck.ubul ar reactor is at

| east about 10, and nore preferably at |east about 20. In the present
invention it was surprisingly found that the residence tinme in the reactor
Is not critical. It was also surprisingly found that extra residence tine
in the reactor_w |l not degrade the product. In general, the reaction
occurs at a fd3esigat eonsigrrafieef bt carer sommert dot piug iflowt reactesstare may vary

from aboyfeddiiBed 35PN erlsPidt iR EhaifliciFRRIETP BhoitleddBy, T8RS \Rllrlgf; enge!y from

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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about | to about 10 seconds per stage. It is preferable=to maintain: the
reacti on systemat substantially amne free conditions. By "substantially
amine. free" it is nmeant that. the flow rate weighted &v&eptpmbdar 2088 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 wundesirable side products, such as
DAC. Opt PEsRIbEqt trd foeeemeve deaq eminest kor additione itr isaalsbopresgrabEmtoray  be

purified_ by saGi L.0n; f, 1tk feed streans nay be purified by
passi ng g E%/'dcai‘gg‘lgﬁ géﬁéﬁéggﬁﬁoﬁ&¥gﬁ% #‘%‘? g%@%%gaugs@g?p%tdg%lﬁg%é bed to
renove fteayuatemesy dmmpadlichi salts idnd yuatsPal) RrsphbSiuh® sais0i shet her
condensati on catal ysts besides am nes, including but not limted to

quat er naPg ﬁ?%‘PE%‘-!*‘t%“ﬁWétsquat ernary phosphoni um salts, and

or gano- phosphorous catal ysts Optionally, the MAC reaction product may be
treated with further processing steps. Al though the MAC reaction product
fromthe process of this invention has sufficiently | ow DAC | evels to be
used w thout further urification for polynmer production, such as a

pol ycar bonat eOp8esaiynathey MAG ereagtionl yrpdeci mayoemdneabed fwith Hartheur i fi ed by

fraction LSk | o i i.n{ rodyction in a polynerizatjon, i.e.

a pol ypa@lgg%g%hb s%}%é#ies%@{ou%h t%'%eMé%5%€i'#@ﬁ't PmthQE %PH?:EE% p&acqsﬁeo# nst ant

i nvent i othis snvimtidnchasl sufficiently low DAC levels to be used without further
purification for polymer production, such as a polycarbonate, optionally, the

product solution may be further purified by fractional distillation prior to

introduction into a polymerization, i.e. a polycarbonate synthesis.

In one embodiment, the process of the instant invention is conducted
in a tubular reactor system as illustrated in FIGURE 1. The tubular reactor
may be situated in any manner; however it is preferred that the 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.



In a tubular reactor systemas illustrated in FIGURE 1. The tubul ar

may be si
react or

nonof uncti onal

tuated in any manner; however it is preferred that the tubul ar

is horizontally displaced. Feed stream 1, cont &% riapiember 20

3. The product of precooler 3 and feed stream 2 containi ng carbony
such as phosgene, are fed to m xer 4. A separate stream of an

chl ori de,

aqueous causti solution 5. is fed into precooler.6... The effluen
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on the intended use of the MAC product.
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purification. As shown in FIGJRE 2, a tubular reactor system nay be
connected in series

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

29

e durtber punificationt he need for further




to a polycarbonate synthesis reactor 17. One enbodi nent of the batch

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

pol ycarbonate synthesis reactor may be operated either €oiaPHRREEI2003r in a
bat ch node. In the continuous operating node, the product fromthe reactor
7 is continuously introduced into the pol ycarbonate 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, phosgsuitablé forarse @sendpappiryg agerstsi cThe patticutarlfbragoririts desetbed US
Patent 4, 864, 0 i pcorporated herein by reference. In the polynerization
di scl os edarienfoﬂf‘l]%@ff ?g‘ﬁ PBEPOSI%\@%)FIzﬂqﬁgtﬁ"&%@wdﬁgﬁ@gﬁj@@ pet iptendeddp\Rear bonat e
synt hesi sefmagtiven after 20 to 80 percent of the carbonyl .halide that is to
be added in total has been supplied to the reactor. Each exanple in
4,864,011 shows the entire charge of chloroformate being added at a single

point in the batch polynerization process. The foll ow ng discussion sets
forth the reactants, including caustic, and solvents which are suitable

for use in thesptaa’MbhofinBliond] PRt Soddtn R RIEP Fha? 882

suitable for use as endcapping ag e par ar conp

are for ildessinrtaeiprecgss pithespreséyt, insactidrnto preparel AL iase seprieeentdid | nt ended
to be eﬁggg‘sti ve. SgJi tagls(i nmonof uncti onal hydroxyaromati c conpounds whi ch
may be & genefal iormuiesdor the present invention to prepare MAC are
repr esent ed :

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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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 atons, an aryl group whi ch may2Zb&eptamheari2Gded 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 hydroxyaromatic conpounds.

as; defi nerbfeirad! @oABfunctiohdl) hydrxyurimatil copiundl éié”d}%ﬁot Ot-biyenol ,
p-tert-butyl phenol o-cresol, mcresol, p-cresol, o-ethyl phenol,

p- et hyl ph%'?ﬁﬂ w|m| chrgmaeand @IXM@gﬂtfpﬁ@ﬁf)lp cpniybphiephkisol |

a- napt hol and m xtures thereof. 30 25 Septenber 2003 Preferred
nnnofunctlonaPnﬁycir oxyaromati c conmpounds are phenol, t-butyl phenol,

p- cunyl phenol, chroman, and m xtures thereof; p-cunyl phenol is nore
preferred. Suitabl e car bonyl hal i des for use in the present process,

i nclude, but are not limted to carbonyl chI ori des, such as phosgene,

conony| b om S8 SRR el Ty S REBLS LAl B Bmes R Lo
sui t abl e.arBhastgRed to carbonyl chlorides, such as phosgene, carbonyl bromide,

carbonyl iodide, carbonyl fluoride and mixtures thereof. Other carbonyl

chlorides 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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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

di ssolved in any feed stream except the caustic feed s?5é%m%Q%ﬁQm2QOghe
introduction of the feed streaminto the reaction system It is therefore
possible to prepare other haloformates, 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 Fr.esent “invention
i ncl ude awijh ethars, inclydingcbylonatdimitechta tetiadlydutignaant Chloripatessaliphsitic i n

2o be IEHOTn AT PRI IR BT ER I U8 Rs0LTd not remct w th
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 pentapne, hexane, cycl ohex .~ and heptang; aro i ¢ hydrocar bons
Such as +ol udlliE reRAiaRd AR e MAC, FHABR T g lieb BB BbRase Sldivras.
chl or obengeakalindieafthomRRANBRRE habih Rkl 04LaCcalsicOr TRat &listiki phati c
hydrocarbons such as chlorof ormand nethyl ene chloride, and m xtures of
any of tHwempgundeise praferably ddraduced. agian afidecureaoiubior ccamoprising shemy al so
be m xed i e including but not limted to

tetr ahydraﬁ?%ﬁﬁlﬁa?%%ﬁ%a&%e%ﬁ%ﬁeb% %‘etﬂ&&s&ar bons are preferred, in
particul ar methyl ene chloride. The reaction to produce the MAC requires an

al kali nmetal base and/or an alkaline-earth netal base, herein referred to
as a caustic. The caustic

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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conpound is preferably introduced as an aqueous sol ution conprising the
al kali nmetal base and/or al kaline-earth netal base. Suitable alkali netal
conpounds whi ch may be used as a caustic in the reacti®h Ssptanehari2Red ude,

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

carbonate and m xtures thereof. Suitable al kaline-earth netal conpounds

whi ch maycabstic setltion arefenabiy @omprlseae‘ramaaln¢tdn1’éw§%ehm aboutude, wtfat are not
limted to,.calci um(? droxi de, barium hydroxide, magnesi um hydroxi de,
stronti urﬁoﬁ 55‘(9 Ggal ci um hydrogen carbonate, barium hydrogen

car bonat e, magnesi um hydr ogen 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, however it is preferable that the caustic conpound
conprise fromabout 10 w%to about 50 wt % of the aqueous caustic
solution, preferably between about 15 to about 40 wt % The nost preferred
caustic ig SOBtehBcesstor tABPIJMICHIIESH POl @wfﬁfteﬁﬁ%lcaust' c
sol uti onéjpref erably conprises fromabout 15wt%to about % sodium

hydr oxi d&olymerigationPr ocess for the Productl on of Pol ycarbonate by
Interfacial Polynerization

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

ol ycarbonate products in a batch interfacial polynerization process
Eou%led W th Fhe conti nuous process for the preparatioﬁﬁcﬁeWWK@§ﬂ2@ﬂac;s as
set forth in section | of the specification, and a method of controlling
the variability of nmolecular weight in a series of product batches using
this process. Pol ycarbonates which nay be prepared by the nethod of this
invention typically conprise structural units of the formula . 0 11 ORO
C 111 whefigalat Rsafarablyo@achof i amearootadic nrgarie r@ﬁidlal gﬁ;]mhpuow e
aromatic ' | bal ance thereof are aliphatic, alicyclic
or aronatPgﬁgﬁﬁgéaE%%F%ﬁ#gpgggagmgadicals. Preferably, each Ris an
aromatic organic radical and nore preferably a radical of the formula A Y
A2 1V wherein each Al and A2 is a is a nonocyclic divalent aryl radical and
Y is a bridging radical in which one or two carbonate atons separate A
and A2. Such radicals nay bg,deg%yed from di hydroxyaronatic conpounds of
the formulas OH R OH and OH A -¥-Az OHIVor their corresponding
derivatives. A, and A2 include but are not Iimted to unsubstituted

phenyl ene, preferably p-

wherein each A, and A, is a is a monocyclic divalent aryi 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.

34




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 ohexyl i dene or isopropylidene. IsopropylZ@éﬁ@kﬂﬂﬁﬁﬁﬁoﬁnre
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

I aci ds, h di di chi d I b I d th
pol yor | 2BOVEA ORI IELEBRG PrDAo HARSHRG AP 0 e IPIERDG FERGE o the

reacti on fn€srfatifIUBE thé Qéa@tmf% c@*b%ﬂ?!hﬁéild@|§(ﬁzﬁr£’§?ﬂb§§en§4a@é §5€pt erber

2003 Pol ycar bonates, including aromatic” pol ycarbonate e typic
produced bisphenglasieh |as bigpherolr Bain thn ptﬁsemcea@ibargheriwblemjcawm as

phosgene n.the.presence of a
phenol i ¢ ﬁ%ﬂagﬁ‘}%ﬂg’g’g&k lnﬁﬂ@%ﬁﬁ%&%ﬁi@ ﬁb? @5‘8"9%8 ARG agent he
phenol i ¢ sntheabegingingoehthe ﬁﬁeﬁé@alb@@bﬂ@m Rghioh 164 tties fred@dtioneact i on
which leads to the (ﬁroduct i on of undesirable diarylcarbonates (DAC). In

cont r ast , UNGesifaple-rdianvicgrbenates (RAGhar doneeriragintinedi prefetreds bateh
descri bedpé] &bﬂna@‘%n% Er&feﬁ,g%%%ﬁbe&%e?&ndmgﬂn&%ba%bdl added

over a f|n| e Int
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: praduct. 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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pol yneri zation. It was unexpectedly found that when the batch

pol yneri zation reaction to produce polycarbonates, as defined in section
Il of the specification, was coupled with the continuoZ® Santaralss 2088 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 phenol, were used It was al so unexpectedly di scovered- that, when
t he batch polynerization reaction to- produce polycarbonate was coupl ed
with the continuous process for the production of MAC as set forth in
Secti on | Inopne misgrligient.ctaei enmbippd MAG apd thedchvipglycartrmgie syethesis i nt er val

during th@oﬁ?ﬁg& ?,%Iytg glapnate synthesis, that the- final DAC |l evel in
t he.. pol ycarbonate:" .gr oduct, was lower than the |evel previously

obt ai ned by adding MAC to the polycarbonate synthesis at a single point in
t he batch pol ycar bonat &) shargivesatslepsioores dihydsoxyveasngbgw], @med by Bussi nk et
al in US Patent 4,864,011. 35 25 ge‘gterrber 2003 | n one enbodi nent, the
conbi ned MAC and baf€H %B?Q‘Eaﬁog@ﬁ’t alel, faWstr<CarPeRyr i ses the steps of 1)

chargi ng at | eaghjifded &Bfg&gg% §9m%d ﬁﬁ%lntéi’ﬁﬁ‘f organi ¢ solvent, water,
caustic, carbonyl halide, and catalyst to a vessel5 and nmi ntai ning
the pH of the reaction mixture between about 4

and about 12 during charging; and

2) within an interval of between 0 and about 90 %
of the total carbonyl halide addition to the 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

i6




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, activating®a>9meEbeci?08yst 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 nmeans are provided for

delivery ofchi baRm bb rﬂi@rﬁ@tbﬁnréétﬁéterww tt R&rsYesse! dinllirakyf ur t her
enbodi m&*nt)(C F%?@A(?%nbl nedtpg/ C and I' bat ch pol cha%bonaftste %ro‘cgar gf this

i nventi omOmMasokyeabrapdws@t@ntam eptigpwilpicagstios Sept ember 2003 1) char gi ng
a batch polynerization reactor with at | east one di hydroxy comnpound,

sol vent, 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 Zmnuﬁalmemrslypcbdlgtmgs carhanyh paide pedi dawstici tot theviglactdr, wWhdlebat ch

pol yrer i Zaélh%inlﬁé %Cpeﬁ of the reactlon in a specified range,

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

4)recovering the polycarbonate polymer from the batch polymerlzation

reacfor.

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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4)recovering the pol ycarbonate polyner fromthe batch pol ynmerization
reactor. The first step of the process is referred to herein as the batch
fornulation. In this step, a batch interfacial pol ycar bdhaietanehert2083 i 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 sheréferablydreforaboit 481Wwidh &0 abaek?d d’:. | hagsemngssraremanamonly

% o anbit 28 AR ELAY el B3RS o 1S Eafhrk o AAEM Lo oS Lot o

about 25 i%&/ppoa@t@gwr:ef@'eﬁgé_ sol vent added during. the formnulation as well

as' solvent added during the . MAC synthesis and addition. The anount of
wat er added during the batch fornulation is established so that the final
concentration of byproduct alkali halide, for exanple sodiumchloride, is

preferably in the range of fromabout 10 wt%to saturation, which is about

26 Wt % for sodhyfing hhé’rt%éi&n (ﬁi&%ﬁ@ﬁéﬁ‘oﬁbf ARe %ﬁﬂ?(%TBSﬁatl%o%d%gf i@ y from

about 15 wt % to about 25 wt ese ranges are commonly used in industry
and are doetalibbed and/walkalineneard) medaigsse isadded toimaiotaio the eeadlipn
reference,

kel it relsagal A e EeRa, AR 4 horhii2, 2810t PraRaahs b g e v

the reactigage 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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pH preferably in the range of about 4 to about 12, nore preferably in the
range of about 7 to about 11 for polyester car bonate reactions, and nore
preferably in the range of about 9 to about 11 for Bi sp%rﬁﬁptwbeFQOO?:

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- demandPRIFQEBRS thé NAWEJ@&@E%%@@ HrepaRAY By ehd bR d&Ashd Prosyai gm as an
on demand process nt hesi s reactor may start either at or about
the time @ﬁﬁiﬁsﬁb@lﬁf@mﬁtﬁ nteymai @f/e@raﬁd aﬁoutaeﬂ@em@mcfﬁtbd phosgeré additiohe

b I d t
ol yren 1 20 s Bpteh PA RS RERTE SUialicer MeTB.' Rk tbe' MR RiSduch or

pol yner i zatxtae. frdSlﬂStheltﬁfﬁdbmahd evechssfi Qradﬁédfmlriﬁg theante?%(‘dffatjbupqocent of
the total carbon hal i de additjon, the MAC synthesis reactor is started

and the M@ ﬁeaety 8p Rﬁreﬁrerc?%m Bheggsnee pdertion t@rtéed%at@h Polystarherateat i on
reacti on pr n R:ﬁﬁ? | e sual |y
specifie ﬁﬁﬁsgsr rmsIg gﬁ%?gr %?&g’ o@gt e ﬁ%?ﬁégaﬁlbﬂct)% "fr}lﬁg# itfa% cgrgr get-to
t he pol yrttemalad |pmcessa|staﬂded2&1|9@ttmmfberv206f31G’raafdeabdnhtyﬁo tpeecaéi@fpr oduct
m xture prepared by t on, d es | dded duri the jinterval of
0 and abgh? @@SEQF‘%@{‘F{ ttoh@%g's&? g rtqt%ﬁynﬁgs AB%F@*F"%'& Yfcar bonat e
synt hesi she \QRE BYAhESRPhCcebd §s Mﬁﬁpi@r&ﬂﬂﬁhouﬁq éﬁ&rrﬁ)tfdrp'aeh%oorlhge”a”d
process is added during the interval "of abou

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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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 a#OWREPEMNRELO8Ht of
t he phosgene addition to the batch pol ycarbonate 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 intervals noted above, but the MAC product mxture is fed froma
storage vébsetatesokladdition sfirthe MK, prodtibemikhae @ test polytamonake MAC

synt hesi s I8 ct.or. The carbonyl halide a __caL{st'c addition rates for the
pol ycar bordl 6e§‘§rﬂ1ﬂ¥§§'ia§y OWQQB{‘? GHUWQyOR/aa&f'eGrP et brich palyasdzatiane

pol yner i Zaddclion! ®ugtit 98- prétdrBneaty ddd ke %Rﬁehﬁ?ﬂu?et% @dguf@hﬂtiélh
phosgene and caustic to the polynerization reaction during e interval

t hat MAC ¢englentrgleyinibenalyrasbenatesydthesis he pol yneri zation reactor in
order to mnimze the batch reaction cycle tine, it is wthin the scope of
this invention to suspend or reduce phosgene and/or caustic. addition to,
t he. ' pol ymerization reactor during part: or- all, of the interval during
which MAC is fed to the. polynerization reactor. The total anmount of NMAC
added t o; it ti prefeethit tp @rgdetehninat & sactibesdreipoirt: fon thd @atdrargsfadiaabout 1

i funct 1 OPOVCHBABAG, SN R FRe N2 A PORETEHPY [Rashien IdpaTt 1ohe 1 ange. of
G16)  inTYShEPH el popRtonauT AR B 38 65, A GRS, Of o1
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
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25 Septenber 2003 The rate of addition of the MAC product m xture to the
pol ycarbonate synthesis nmay vary over the course of addition to the batch
pol ymeri zation reaction, but it is preferable to add t#e SoREeMRek20e2 at a
substantially constant rate to the polycarbonate synthesis. It is
preferable to predeterm ne a reaction endpoint for the batch interfacial .
pol ycarbonate synthesis reaction . The predeterm ned reaction endpoint for a
batch interfacial polycarbonate synthesis reaction nay be, for exanple,

at t ai nmendesdnds simele flémgthairad dammetet of fthe hietigenyesystemaiitsisi preferabta on t o
the polycarbonate synthesis reaction. Alternatively, the_properties of the
reactor ‘Eghttbat delively H&"%ﬁs\'}rg@ i'A0ST n‘?fi ?éﬂ%‘qﬂ g‘? Mi%@ﬁgﬁ%"gsfor

exanpl e t ' 7 el Y, | i ser
gt scat B e e e o e el
this si gnbatckseadter to mérdmizentherphiential of phosgére pepesureisk. car bonyl hal i de
addition is stopped; <caustic addition may continue until a final reaction
pH i s achieved. The pol ycarbonate fromthe batch pol yneri zati on process my

be recovered according to practices well known in the art for solution
pol ynmeri zations. Several well-known techni ques such as anti sol vent

preci pi t akishBuRy Be ritRsd thatethe MAC plrityl ist uraftbdRiny blycdelays Rolagddiiobah- at esi
H.  Schnel| and Pol ycarbonates, by W F, Christopher nda\?g W . Fox. The

t r anspor t Pieing hetwagn theoMA syethssisniseion @t ihe H°W§?@ﬂ SYNESiSHr oduce

et o A, P BRI 1 ARSI proElas s st | on
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

4}



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 thé deblaniey 2808t 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 Eurity is unaffected by

del ays i niodifi§ CRERRNY! figpride @nsemipurest therepic Riphoagens anddripbesgemne t he

b otess (ae TR SHRATE cprodP EpRlse. PRoX TR s s BreleHEl by Bpnge | "

specification contains not only MAC, but also unreacted carbonyl halide
and caustic, as well as solvent and aqueous al kali halide solution.
Therefore, if any hydrolysis of the MAC product back to nonofunctional

hyd tig. cu within the tupular reactor or_while the
VAC pr oduct i S LREBE LREeRIGHY e e Mdha, SrierorgiRles i briie ST Rk 1 2t i on
reactor, drivzappiigdagent prdundd Bali digizaadas@taingC to Whe | mbaMY bp theconvert
hydr ol yze_dg&?r)t,oduct to the desired MAC. The foll ow ng discussion sets forth

r eact ant dN¥eRfioso|ase slesciiped hing sections dblaad ﬁ|0I0fu§“@f ismeclﬁleab?le,partheﬂ on of
t ' ' nerjzation
br ocees. THOBRARES Moy*hd Brébadt, SR ASIOHT: okBbR 'Biihe AstaliRer fha

hydr oxyarformtliacV clostpey imdehichhX cépressyitsbigried bromines chRipdusitib@meof the MAC
as di scus]shed in_sectjon IQ of the specification may . '
e corresponding cartonyl halide, as discussed above ‘would 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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al so be used in the batch process for the preparation of polycarbonate. The
particul ar reactants and catal ysts as described are for illustrative
purposes only, and the provided |ists are not intended2® Sdpéerabar068i 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 is the preferred carbonyl halide. It is to be understood that,

al t hough "chl orof ormates” are the preferred endcapping agent produced and
utilized according to the method of this invention as described in

sect i ons $uitatie Ibispifenbleeors gipbeholsavhion,may berusedaindherpuyraerinatiorbef
prepared, and have, t.he general fornuL@ escribed in formula V, below, in
whi ch X r%‘gY‘é%r ﬂf‘@tef'f‘ﬁib'ﬂ?n ut YedatfBitedHPorine or iodine . The
correspondi ng carbonyl halide, as discussed above would be utilized in
product i ofasefcitdie hal of ormat e endcappi ng agent. V Suitable organic solvents
for use in the pol ycarbonate synthesis include any organic solvent which
is substantially insaoluble in water and inert to the process conditions.
The or garft-OreBPIASUrERQul d al so be a |iquid under the reaction conditions
and should not react with the carbonyl halide, or the caustic. Suitable
organic q@kﬁgﬁ&ﬁohgcrude, but are not limted to aliphatic hydrocarbons
such as pent ane, hekxane, cycl ohexane, and heptane; aronatic

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-hydroxyphen3hrl)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,

43




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

al i phati c hydrocarbons such as chl orof orm and net hyl eneg%rﬁe@ﬁ"&éer 20Q%

m xtures of any of the aforenmentioned. solvents. The aforenentioned
solvents nmay 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 ol yneri zati on of ol ycar bonat e
Drene) Sz i gy e o

i nclude, b resorcinol, 4-bronoresourcinol,

hydr oqui none, 4,4'-d i hyd roxybi phe nyl, 1,6- dlhydroxynapthalene,

bi s( 4- hydt,eeligEhbydrpkyphetybdolaenebi s(4- hyd roxyphe nyl)d i phenyl net hane,
bi s(4- hydr oxyphenyl ) - 1- napt hyl net hane, 1, 1- bi s(4-hydroxyphenyl ) et hane,

L 2 S BRI LR 1y St oy Prens ) prenytethare
2,2-bis(3-methyl-4-hydroxyphenyl)propane,
2,2—bis(3-ethyl-4-.hydroxyphenyl)propane,
2,2-bis(3-n-propyl-4-hydroxyphenyl)propane,
2,2—bis(3-sec-butyl#-hydroxyphenyl)propane,
2,2—bis(3-t-butyl-4-hydroxyphényl)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-dibrom6—4-hydroxyphenyi)propane,
2,2-bis(2,6-dibromo-3,5-dimethyl-4-hydroxypheny!)propane,
a,a—bis(4—-hydroxybhenyl)toluene,

a,o,a o' -tetramethyl-a,a’-bis(4-hydroxyphenyl)p-xylene,

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



2- (4- hydr oxyphenyl ) - 2-) 3- hydr oxyphenyl ) pr opane,

2, 2- bi s(4- hydr oxyphenyl ) but ane, 1,1-bis(4-hydroxypheny|§isobutane, 1, 1
- bi s(4- hydr oxyphenyl ) cycl ohexane, trans-2, 3-bi s(4- hydr éXygaiergber2808ut ene,
43 25 Septenber 2003 2, 2- bi s(4- hydr oxyphenyl ) adamant ane,

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 en1ykdichlooparzbis(fhgdtsixypBenydmpthylene.- 4- hydr oxyphenyl ) pr opane,

2, 2-bi s(3-t-butyl -4- hydroxyphenyl ) pr opane,

2,2-bis(3;5qy 4= hydr nyl r ne, 2,2-b is(3-al lyl-4-hyd
roxyph en}ﬁf%bggﬁéég?%Eg¥gw@ﬁé@§5ﬁ§WH%ﬁvgﬁghydroxyphenyl)propane,-

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

2, 2- bi s( 21 3rdickloteliBbiHrphedoy-diydyplyphghylpsthpiene,

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

2, 2- bi s(3, 5;dj brono- 4- - hydr oxyphenyl ) pr opane,

2,2-bis(24éfgﬂﬁp5ﬁﬂb§?§gé7 | - 4- hydr oxyphenyl )propane,

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

1 ,6—bis(4-hydroxyphenyl)-1 ,6-hexanedione,
ethylene glycol bis(4-hydroxyphenyi)ether,
bis(4-hydroxyphenyl)ether,
bis(4-hydroxyphenyi)sulfide,
bis(4-hydroxyphenyl)sulfoxide,
bis(4-hydroxyphenyl}sulfone,
bis(3,5—dimethyi-4-ﬁydroxyphenyl)sulfone,
9,9-bis(4-hydroxyphenyi)fiuorene,

2, 7-dihydroxypyrene,

6,6'-dihydroxy—3,3,3’,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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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- hydroxyphenyl ) hexaf | uor opr opane, 44 25 Sept en®erSeptOdan2003
-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( 4, mdilexyRpend-ireihfoiseirdi one, ethyl ene glyco
bis(4-hydroxy8ﬁgnef)ether, )@%is(4-hydr-oxyphe2y|):a;helr],c »

bi s(4- hydr oxyphenyl )su [fide, bis(4-hydroxyphenyl)sul foxide,

bi s( 4- hy&ﬁ%ﬁi/fm% kenZofera@n, bi s( 3, 5- di et hyl - 4- hydr oxyphenyl ) sul f one,
9, 9- bi s(4- hydroxyphenyl ) fl uorene, 2,7-di hydroxypyrene,

6, 6' - di h)gdg,gmé,- d Thib '?EI(:IrEt hyl spi ro(bi s)indane ("spirobiindane
bi sphenol ™), d§®’§1 s(%ﬁ?ydr@'%/p enyl ) pht hal i de,
2, 6-di hydr oxydi benzo-p-di oxirt,

2,7-dihydroxycarbazole,

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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2,6
2,7-
3,6

-di hydr oxyt hi ant hrene, 2, 7-di hydr oxyphenoxat hiin, 45 25 Septenb
di hydr oxy-9, 10- net hyl phenazi ne, 3, 6- dlhydroxydlbenzofuran
_di hydr oxydi benzot hi ophene, 2, 7-d i h yd roxyca rhbha%September 2003

4, 4- bi s(4- hydroxyphenyl ) heptane, 2, 2 -bis(4-hydroxyphenyl)hexane,

ot her hal
m xt ur es

ogenated or al kylated derivatives. It is also possible to
of nono- and/or bischlorof ormates of the desired bi sphenol

er 2003

and
use
or

nmono- and/ or bischloroformate ol i gomeric carbonate m xtures of the desired
bi sphenol Suialie diﬂa;b(axylih;aﬂ;idmlymihamwybcpdl@hlmin{es(whiclminmhbeulsedyvitrs t he

pr ef er abl
be used.
br anched

SsPraRYE TR b PR GRER Bblisie! HeBenRIFY Ralpe: REATS ot

hrﬁ%&g@r bonate i nclude, but are not Ilmted to, 1, 1, 1

-tri s(4-hydroxyphenyl) et hane, .
4-14-11, 1 bi s( 4- hydroxgphenyl -ethyl]-dirnethyl bennzyl], trinellit

anhydr i del.10rdafaneidicar

%Yl add. their acid chloride derlvatlves 46

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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25 Septenmber 2003 Suitabl e dicarboxylic acids or dicarboxylic dichiorides
which may be used with bisphenols in the pol ynerization of olyesbgé
carbonates include, but are not limted to, 1,10-decant® He® ¥ aci d,
1,12- dodecane dicarboxylic acid, terephthalic acid, isophthalic acid,

t erepht hal oyl dichloride, and isophthal oyl dichloride. The polycarbonate.
syntheS|s may be conducted in the presence of a catalyst, for exanple a

tertiary ami neTaadbldDwmgrdxasq;lés anséetrfoattalpy§iide 5?['1&9% oiaérdﬂqa 'dl
tetraal kyjal i al t uiitable tertiary am ne cat al ystS|
are not I it %Wd ?I’clorélp ?%{?ﬁcﬁatm ?f *m“bfﬁmcampﬁ@nom natiebahy | am ne. Phase

I d, to tetrabutylanmoni um
brom de.  LeaRede aimBa nieirdle Bididiahd ofiiides; gt ﬁeneé%gewd |t@ve| By
be in th@nﬂdhgémpefofovdnatuhetmemﬁrs ceqdrduds ﬂrfé:m\r@nﬁ@rﬁ CqffarRa

f
di hydr ox The hase transfer catalyst may be in t%e range o
zerg to g &fqﬂgagmdtp 'rﬁé'F AU §V6h resRed| oy AHBIErs ofep@u ramodiis, cat al yst

m xture niemnpdaneBaERAtbiOsie GRSt o BELBtohd Efld bam gl Lhe ear bony

hal i de addition or, may be rogram‘re I'nto
pol-yner i Zdpless lﬂ%@dpthwsm@mwmeﬁght hempardtony ls iRalg. de. EXAMPLES 47

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 enber 2003 The followi 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 Aaderignaben290dat 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., anounts, tenperature, etc.) but sonme errors and deviations
shoul d be accounted for. Unless indicated otherw se, parts are by weight,
t enper at u ] &) N w - r reactor was constructed of 0.25
inch (6. SE@?((! ?83 cr’rzjlsout erihgll éturr@ﬁe‘?% stainless steel tubing and :
SWAGELCK(r) fittings, manufactured by Swagel ok Conpany, and was packed
with static nmixing %.égemimin nétbylenrerchldrideengt h of the reactor was 16.5
inches (0.42 m. The reactor was insulated with woven fabric insulating
material. The react . omtwo feedstreans: a solution of phosgene
and p- Cunyl Phenol f)g@m'ﬁ%ﬁﬁyl ene chloride, and NaOH/ water. Each feed
sol uti on was punped i ndependently to the reactor via a pre-cooling coil
imersed in a water bath that was held at 4 C. The details of the reaction
are shown in the table below. The product conposition is reported as parts

by wei ght- of e organi -product. For exanple wt % PCP=100( wt
PCP) / (Wt FF?69+¢§5- P%%A\%Bﬁ%?@@%eptenber 2003

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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4.5'gm mn p-cunyl phenol Feed (1): 92.1 gnm mn methylene chloride Feed
(2):4.2 gmmn COCl2 25 wt % NaOH Sol uti on nol e NaCHI no! e Product DAC
Product Expt PCP(ppn) PCP (wt % Al. 06330, 46- 3. 32 Bl. 24210224@8ptemimB3603 228
The bal ance of the aromatic product of these, reactions was p-cunyl phenyl
chioroformate, the desired product. These results show that very |ow | evels
of DAC and essentially conplete PCP conversion are achieved with the

process of this invention. Exanple 2. 49 25 Septenber 2003
A tubular reactor was constructed as in example 1 except that it comprised

two 7 inch (0.18 m) sections that contained mixing elements followed by a 50 foot (15.2 m)
section of unpacked tubing. The entire reactor was insulated with woven
fabric. This reactor was fed with feeds 1 and 2 as shown below. The feeds

were cooled to 4 °C prior to being infroduced into the reactor. The reaction

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

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
77(0.18 m) k | 430 0.7
14" (0.36 m) 410° 1.2
14"+50 Feet (15.6 m) 430 0.6
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A tubular 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 nm) section of unpacked tubing. The entiréd Geatanerige3
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 into
the reactor. The reaction was sanpled after the first and second 7 inch
(0.18 n) hid egam tetsnmgnﬁatafﬁee rddmt@ ction.
Feed (1): 4.5 gn{{?}n ey Phona g _?Ot ?ﬁmﬁ&l&r’?"eﬁ%ﬁﬂé&l&?%ﬁ 4.2
g min coééé' iPEg QZBSHCQSIW %N@@b@@rmacﬁw ()ﬂlnwovm%rdmmpMe PCP) The
product conposition is shown bel ow. The bal ance of the aronmatic product
was p-cunyl phenyl chl orofornmate. Sanple Poi nt ppm DACW % PCP 7" (0. 18

m 4300.7 14" (0.36 n) 410 1.2 14"+50 Feet (15.6 m) 4300.6 50 25 Septenber.
2003 Thi s_exanpl e shows that the product is not further converted to DAC
upon addFE¥a®eH 3resi dence time in the tubular reactor or in downstream

pi pi ng.

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




Exanpl e 3. Exanple 2 was repeated with 5 ppmtriethylamne in the nethyl ene
chloride feed solution. The results are given in the table bel ow. Sanple
Poi nt ppm DAOM % PCP 7" (0.18 n)5300.7 14" (0.36 m-0.6 23 Septermesst20035. 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 precoolingbath: tenperature, was,: adjusted to values between 20 and
35 C. The product c 0Sifi. at the end of the second m xing
zone. Feed (1): 4. 5§ 'M@'#'ﬁhﬁ@‘eﬁgh cé'f&Sl 25 Septenber 2003 92.1 gnmn
met hyl ene chloride 5.2 gmimn COCl2 Feed (2): 24 wt % NaOH Sol ution (1.5

nmol e NaOH ol e PCP) 5 Rag/miier@OCl,ppm DAC wt % PCP 203250. 7 254200. 5 -

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.



304600. 8 354700.6 This exanple shows that the reaction nmay be run over a
wi de range of tenperature w thout i ntroducing high levels of DAC in the
product. EXAMPLES ( POLYCARBONATE) The fol | owi ng exanpl e Ssptanebar @00he
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 or of or te‘ignbhﬁfis react or was constructed of TEFLON |ined pipe and
packed w "M xing elements. The reactor was 1 inch (25.4 x 10-3nm
inside dianeter by 5 feet (1.52 n) in length. The reactor was fed with

three feegdst gR@MforMateS theg@ reabfor %vls Comstrofeaobf TEFLON Nireet Bqﬁbene
chl ori de, phosgene gas, " and a 25 wt% solution of NaCOH in vat er. he PCP

sol uti on WAd PaolAskw @tﬁ%m@qmgaplemamwe%bﬁmjé@rwas‘twgh o x(10° ) inside desi r ed
feed tenpegy dﬁngé{FPb)bgﬁ glt 5 Sym gfht THe rbGo i e Wi TR féé/d‘sﬁrlag%sareacwr

An agitated polycar I's reactor was equipped wth inlets .to

charge phestioa Aad %iastumgiphengr (FBEPY I mMetsikite anbrideN!t siedsddhe of the
reacti on, and a reflux condenser. This reactor was charged wth (200

poundsl I(gan & ¢P) Wipatalvtionsgf HaQtd s waten me@é’@P)a)ofum M&ﬂseﬂ'ém@ﬁﬂorl de
93 50
(93 gal | o @% @;ﬁg%ou@ %42é ;EEQL g kqgmt @gs;&%emtémpp%gsﬁsf&a

pounds/ hour
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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pol ycar bonat e synthesis reactor and an aqueous caustic solution (50 w %
NaCH) was added to maintain a pH of 9-11. Wile naintaining the phosgene
and NaOH flows to the pol ycarbonate reactor, the MAC syf® r%‘ﬁ%ﬂb%é’@? r was
flushed with nethylene chloride into the polycarbonate 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 flows of the
phosgene and NaOH water were established, the nmethylene chloride flush was
st opped. : @Heride dbasewf. theopelyraibonste reagtionowapcrampledet Aykeeresultingor i de. .

(25.7 p S, _ nthesi s reactor
whil e mai'n '?'r(# %égkygga g%%\@déﬁé'q&ﬁ)g‘ehg%v%ﬁg% ?% ﬁjﬁ‘é%hgﬁﬁ% r%?Hq%r%eor nat e
synt hesi srepeeteti elovAf t er the addition of the 4 wt % PCP net 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 conti nued to the pol ycarbonate reactor until a total of
87 pounds (39.5 kg) was achieved. During this tinme, the pH was nai ntained

at 9- Il byhe ffldiviriPdeiticrs SraNdad. inAhé &ibié BRIgWosgene was shut of f, the
met hyl ene 53 25 Sept enber 2003 chl ori de phase of the pol ycarbonate reaction

was sanpl ed. The resulting polyner analyzed for di-p-cunyl phenyl carbonate
(a DAC) avi@'t fiva sslimesingminutes géer e slerbel presgenatioswvhen diee IMACI ons are

used in t oW Start Tine = Tine in mnutes after the start of
phosgenatrlggﬁlro\aﬁgjg% {iﬁ'lég%{\;lﬁ\c

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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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.%2. 882 827%55301. 58. 5102364 25 Seplénber 26803 9458%8301. 52. 875
1025550002100 The above table shows that the polynmer product DAC level is

belowabotf 5 5 5 0 0 0 2100

The above table shows that the polymer product DAC level is below about
200 phm over a broad range of MAC synthesis reactor operating conditions.
For comparison, Example 10 shows that the polymer product DAC level was
significantly higher when neither phosgene nor caustic were added to the
chloroformate synthesis reactor. This represents the 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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200 ppm over a broad range of MAC synthesis reactor operating conditions.
For conparison, Exanple 10 shows that the pol ynmer product DAC | evel was
significantly higher when neither phosgene nor caustic %erIepigmekas 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 ycar bonat e synthesis. Exanple 11 (POLYCARBONATE) The conbi ned

chl or of or S [ tor and pol ycarbonate synthesis reactor were
oper at ed ggfciﬁn %%??5 l?‘gﬁc]_YCARBC]\IATE) to make a series of six

pol ycar bonate batches with the sanme MAC endcap | evel. The product wei ght
aver age ndl ecul 220wei ght 1MN6B was nmeasured for each batch. W were .
surprised to find that the nol ecul ar weight was quite consistent, as shown
in the t'agl e bel1gw. For tg} é%ﬁ/ata set, the standard deviation of the.

nol ecul ar “wei ght'I's only 52 units, which is conparable to the
variability of the nol ecul ar wei ght neasurenent. \Wen the conventi onal
endcap addi ti on220echni qui¥,680 used, the nol ecul ar weight variability is
about 150 Mwv. units.. 55 25 Septenber 2003 Bat chDAC ppniMv a22017, 600

15017, 620, C22017 600 17575
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.

36




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 E%I meri zations in
which all the MAC was added at a single point in the p a5 2003
reaction. The MAC (as phenyl chloroformate) endcap |evel for the reactions
reported by Bussink was 5.6 nole percent of the BPA repeat wunits. 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
mol ar conidegesat i on of MAKC Adlelitiomdntarial Bussi fkrodestDAE langl t he process of
this invention. The process of this invention has a significantly | ower

Tepor ted by Bussink et 4 oFe5E E80Shd 85 uRrpaR ke hippedhni
I nt erval Product DAC | epglyc@%d@fatél'p{regbtd?posgene tom cronol e DAC/ nol e Repeat

Unit Pol ycarbonate Reactor) Bussink et alO (single point)388 "20 (single
poi nt) 157_" 3Q Ié‘sei ngl e Boi nt)128 "40 (single %%isnt)139

BussinK et al (single point)
“ 20 (single point) 157
“ - 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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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 understooff t3¢gtenher 2883 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 carbonyl halide addition to the vessel, 15 activating a
reaction systemthat produces nortofunctional aromatic chl orafornmates
(MAC) and continuously introducing the MACto the vessel within the
interval of 0 to 90 % of the total carbonyl halide addition to the vessel;
20 where the MAC reaction systemis coupled wN the.vessel. and where
means are provi WAAT i8 CLAIMED 18:

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.




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 nunber of nofeseptenfier 482 onai
nononer in the vessel 3- The nmethod of claim1l. wherein fromt to 7 nole %
of MAC is introduced to the vessel, based on the nunber of noles of

di functional nononer in the vessel. 4. The nethod of claim1, 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 or obgn1Rg ercthibE B Q5IRPENARNGH fitnt 1 CPRM A% SfMACHE ioducdd
met hyl ene chl oride and m xtures thereof. 6. The ﬁ%%go()f claim?2l, wherein
the inert organtecthgyesssl; baspdan g waber of mpleg ef nahmenomerdg e ¢ ai m

1, wherein the gajhponyl halide is phosgene, 8. The nethod of claiml,
wherein the caustic is sodi um hydroxi de. 59 25 Septenber 2003 9. The net hod
of claim1l, wherein the caustic is dissolved in water. thereby

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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form ng an aqueous solution. 10. The. method of claim1l. wherein the

di hydroxy conpound conprises a bisphenvl. 11. The nethod of claim 10,
wherein the bisphenol is bisphenol A 10 12. A pol ycar¥Bofeptenpiesddedd by
the method of claiml 13. A nethod of controlling the variability of the
nol ecul ar weight in a series of poiycarbonate syntheses conprising the
steps of is A) preparing a polycarbonate product batch by a method
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 m xture 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 chloroformates (MAC) and .

conti nuously i ngr qiuGhatiol R ol 1, vbetdiethecsmetic i diksaivadnia water tharebwf 0 to
90 % of the total _carbonyl haljde addition to the vessel: where the MAC
reaction syst enfom@ingspagEoNs SAVIRRyvessel , and where neans are provided for
delivery of the MAC fromthe

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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10 reaction systemto the vessel; c) recovering the polycarbonate; B)
repeating A until a desired nunber of product batches is 15 prepared;
wherein the amount of MAC, caustic, carbonyl halide, di#ydfepigmbeaiBdund, c
| yst, and inert organic solvent introduced into 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 noles of difunctional nononmer 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, cyclohexane,

hept ane, toluene, xylene, chlorobenzene, dichlorobenzene, nitrobenzene,

ahl oreorm nethyl ene chloride and m xtures thereof. 16. The nethod of
claim 13, wherein the Inert organic solvent is nethylene chloride. |T The

met hod of claim 13, whewihin anietesel pbbgivenn Diand 0% ghlegene.
' total carbonyl halide addition to the vessel, aclivating a

reaction system that produces monofunctional 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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18. The method of claim 13, wherein the caustic is sodi um hydroxide. 19.
The nmet 6d of claim 13, wherein the caustic is dissolved in water thereby
form ng an aqueous sol ution. 20. The method of clai m 132° vseleEer 2Re3

di hydroxy conpound conprises a bisphenal. 21. The nethod of claim 20,
wherein the bisphenol 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 taneousl y i y¢ redufiiigd 8 Q8P P MndiGhitCirRRGrFaniS 8oivdritGs saletiba neapSe!
containing the reaction mxture while nmaintaining to the pH of the .

reaction mixtur ethbegnupreonsighing BF pesfang theranancyciahexang. keptang.\leduene. and
90 %of the tealy, il DopbroBhidiR, AdEbloBEnsdhel "ot BlonedC dnidibtand, 2

reaction systemthat” produces nohofunctional aromatic ¢ hlorafornates
(MAC) and cont i nuelhylene thidide aod auitigestthere\C t o t he vessel within the
interval of 0 to 90 36 of the total carbonyl halide addition to the
vessel ; wherge the MAC reaction systemis coupled with the vessel, and
where neans are provided for delivery of the MAC fromthe reaction system

to the vessel. 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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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 nethod conprising 63 2% eRsE209903 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

i nterval of between 0 and 90 nole % of the carbonyl halide addition to the
vessel : activating a reaction systemthat produces rnonofuntional aromatic
chicroformates (MAC) on demand; and continuously introducing the MAC to

t he vessel bet n the interval of 1S 0 to 90 nole. % t he carbonyl halide
addi ti on; -'V\/ner\(,a\%Shé\ W&ﬁ@?i‘ﬁﬁmWEQ@MWBPm@W% %5&@?§gl , and where
means are provided for delivery of the MAC fromthe reaction systemto the

vessel. 20 d) introducing the MAC to the veseel; and e) recovering the
pol ycar bonat e;

a} charging a vessel with at least ong dihydroxy compound, an inert
5 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
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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 compound. catalyst, and Inert organic sol ventd IS @808 n each

product batch is substantially equal. 65

the steps of

a) charging a vessal with at least one dihydroxy compound, an inert
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;



25 September 2003

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.



