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-1 - A Method for Controlling the Effective Level of Catal yst Durvng
the  Preparation of a Polycarbonate Polynmer by Tr ansesterificaﬁﬁm%-q,.
Technical Field Thi s*inventi'én tel ates generally to polymner
processes, and nore particularly, to industrial processes used to prepare
pol ycar bonat es. Batkground of the Invention
Pol ycar bonates are wi dely used polyners. Their popularity stens from an
attractive set of mechanical and physical properties, such as inpact

resi stance, heah Method fox €ondnollingtheBffective LEve\ofcGatddestDaring the

\‘;;‘F ety of t ec“”imﬁéraﬁ%%fﬂé gﬂw&%oﬂﬁg%ﬂ%&oﬂv;f_r&n%éééﬁiﬁéﬁt%ﬁ.hange’
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be carried out by an interfacial technique, which involves the reaction of

an aromati c di hydroxy conpound such ’Péchl?nii%hﬁ@fﬂ A with phosgene.

The transesterification process has e advant ages over direct
phosgenation. First, it does not rely on the use of phosgene, a nateri al

which is toxic and somewrTais mhivehtin rélated deneeil: tolfolyaf¥eprocesses, and
transesterification usual does not. result in'the excessive generation of
chi or 1 de- 1 ons. TR BHUEHIRE. 1 GO PORETSHD LR rEes, BRcadonsies
Transesterification involves reaction between an aromati c di hydroxy
conpound and a carbonic acid dipester. It LS, usually carried out in the
nolten state, wherein a pol ycommm ts in the production
of the product polymer. Batch reactors may be used, but when |arge vol unes
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stems from an attractive set of mechanical and physical properties, such as
impact resistance, heat resistarice, and transparency. They can be made by
a variety of techniques, such as direct phosgenation and ester interchange,
~ which is often referred to as transesterification. Direct phosgenation can
be carried out by an interfacial technique, which involves the reaction of
an aromatic dihydroxy compound such as bisphenol A with phosgene.
The transesterification process has some definite advantages
over direct phosgenation. First, it does not rely on the use of phosgene, a
material which is toxic and somewhat difficult to handle. Moreover,
transesterification usually does not result in the excessive generation of
chloride ions, which sometimes occurs in phosgenation processes.
Transesterification involves reaction between an aromatic
dihydroxy compound and a carbonic acid diester. It is usually carried out
in the moiten state, wherein a polycondensation reaction results in the
production of the product polymer. Batch reactors may be used, but when
large volumes are involved, continuous processes are usually employed.
These processes often include one or more continuous-flow stirred-tank
reactors (CSTR’s), where dligomers of a low molecular weight and
viscosity are made, followed by one or more finishing reactors, which
convert the oligomers into high molecular weight polymer. The reaction
requires at least one catalyst. Sometimes, a combination of catalysts is




reactors (CSTR s), where oligomers of a | ow nol ecul ar wei ght and viscosity
are nmade, followed by one or nore finishing reactors, which convert the
oligomers into high nolecul ar weight polynmer. The reaction requires at

| east one catal yst. Someti mes, a conbi nation of catal ysts is

-2- used, such as an al kal i netal or alkald ne earth netal conpound, al ong
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catalyst level is often critical in the preparation of polycarbonates. This
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- Iftoo much “effective” catalyst is present in a continuous

polymerization process, some serious problems may occur. For example,

the molecular weight of the product may be excessive, and the product can

exhibit increased yellowing. Moreover, undesirable side reactions may

take place. Furthermore, residual catalyst which remains in the polymer

product may cause the product to exhibit decreased hydrolytic stability.

' At the other end of the spectrum, too low a level of effective

catalyst can also present problems. The most serious consequence is a low

molecular weight product which will not possess the mechanical

properties required for many commercial applications.

Those of skill in the polymer arts - especially those who

work with polycarbonates - must therefore acknowledge that a very

accurate method for controlling the level of effective catalyst in a

transesterification process would be a welcome advancement. The

method should be completely compatible with the primary reaction being

carried out to prepare the polymer. Moreover, the method should not




nol ecul ar wei ght product which will not possess the mechanical properties
required for many comrerci al applications. Those of skill in
the polyner arts - especially those who work with pol ycarbonates - nust

t heref ore acknow edge that a very accurat q et hod for controlling the |evel
of effective catalyst in a transesterification process would be a wel cone
advancenent . Te¢quifeanydosthoadditipas toths axesal} pranesat imtesmaiafibothe pri mary
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pol ycar bonat es. Summarv of the Invention

The present invention satisfies, the nee di,scussed above. One enbodi nent
is directed to a nmethod for detmmmﬁve | evel of catalyst for
the preparation of a polycarbonate polyner by a transesterification
reacti on between an aro | L Ly : -k | Ld diester
whi ch produces a Ieavi.n%ér_éﬁfgé ‘q(ﬁ?‘g‘@}i%g%ﬁg'??@?%d@}‘f‘g‘é&?’%%@ﬁg st eps:
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by-product pr adaéisshic a8l diester wiith produdeslailBavinE @robp Byipregudievel of
catal yst, based on. thelkn%ﬁg ampunt of catal yst g%ea‘sigpstep (a); the

di fference beCHERHSITHe Yang steps:
a) reacting trial portions of the aromatic dihydroxy compound and

the carbonic acid diester at a temperature below the boiling point of the
leaving group by-product, under melt conditions in the presence of a
known amount of a transesterification catalyst;

b) measuring the level of by-product produced; and

c) calculating the effective level of catalyst, based on the known
amount of catalyst added in step (a); the difference between the by-product
level mieasured in step (b) and a by-product reference value pre-
determined from a calibration reaction between the aromatic dihydroxy
compound and the carbonic acid diester; and the functional relationship
between by-product production and catalyst concentration for the
calibration reaction. Usually, the by-product being produced and
measured is phenol, or a substituted phenolic compound.

Another embodiment of the invention is directed to a
method for controlling the effective level of catalyst during the preparation
of a polycarbonate polymer by a transesterification reaction between an
aromatic dihydroxy compound and a carbonic acid diester which produces
a leaving group by-product; comprising the following steps:



| evel measured in step (b) and a by-product reference value pre- determ ned
froma calibration reaction between the aromatic di hydroxy conpound and the
carbonic acid diester; and the functional relationship between by-product
production and catal yst concentration for the calibration reaction.

Usual |y, the by-product being produced and #reasured i s phenol, or a

substituted phenol | t HCFH%
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concept.

Numerous other details regarding these embodiments are
provided below.

Brief Description of the Drawings

FIG. 1 is a graph depicting catalyst level as a function of the level
of phenol, as described herein,

Detailed Description of the Invention

In general, the details regarding transesterification to
produce polycarbonates are well-known in the art and described, for
example, in Organic Polymer Chemistry, by K. J. Saunders, 1973,
Chapman and Hall Ltd., as well as in the following U.S. Patents, all of
which are incorporated herein by reference: U.S. 3,442,854; 5,026,817,
5,097.002; 5,142,018; 5,151,491; and 5,340,905. Thus, a comprechensive
discussion regarding the overall process should not be necessary here.



Brief Description of the Draw ngs FIG | is a graph depicting
catalyst level as a function of the |level of phenol, as described herein.
Det ai | ed Description of the Invention In general, the
details regarding transesterification to_pgaduce polycarbonates are

wel | - known in e ar nd descri.bed,. for ex le, in O anlcPIyrrer
Cheni stry, by tnejne Yaerdensaion o} @F@Hﬁ’dﬁgg%@rm compgundgan as in

thfe fol I owi ng @rﬁoni@a@@ﬁ&st&kbzcgﬁfgfw Bd@ﬁ@by@ﬁhéﬂéfbgt&ﬂnowbéé@rﬁ bZQl |
ref erence: an
5320, 905, ThieoMH R pide, \TRe Abprrabucin WHIPABE aRAPT BT AR C4 ocecs
sgoulTﬂ not I iae beasy saitgble ¢ype of tank, tube, or column. As mentioned prev1ousl ]

- e ne carboni c
aord 0 eoter s g CRRREARE HR s @8@%#@1%%%&%@:@@@%8@%2@ cthanbe
mode. The appaaradosepnMefmlshngrmowson is carried out can be any

bl f K,
sui table type of tank, t enoéHuP tﬁéré@ﬂ%ﬂc%??x@te@rfdﬂv%“%g}fﬂpgﬁnd one

continuous processes usu 'y nvo e use of one or Tore
or nore finishAiPgatcadinydexy compounds may baytiliged d Examples ingtudepe
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bi s( 4- hydr oiy ﬂ%ﬁ&oﬁ&“ﬁah@( -Siydr WEK%@/& ﬁlgne 58?8{3(4'
- met hyl phenyl )twdrpxyl-d -mttmpthnm)@rwam}-bzwmwb tytplegaple; and
2, 2- bi s(4- hydr&{? %lﬁg@ %ﬂj{_ﬁg%r}eb géhé@i)%g&a/l ) cycl oal kanes such
as 1, 1- (4- hydrfox
bis(hydroxyaryl)cycloalkanes such as 1,1-(4-hydroxyphenyl)cyclopentane
and 1,1-bis(4-hydroxyphenyl)cyclohexane; dihydroxyaryl ethers such as
4,4°-dihydroxydiphenyl ether and 4,4°dihydroxy-3,3 -dimethylphenyl
ether; dihydroxydiaryl sulfides such as 4,4°-dihydroxydiphenyl sulfide and
4,4’-dihydroxy-3,3’-dimethyldiphenyl sulfide; dihydroxydiaryl sulfoxides
such as 4,4’-dihydroxydiphenyl sulfoxide and 4,4’-dihydroxy-3,3’-
dimethyldiphenyl sulfoxide; and dihydroxydiaryl sulfones such as 4,4'-
dihydroxydiphenyl sulfone and 4,4’-dihydroxy-3,3'-dimethyldiphenyl
sulfone. In most preferred embodiments, the aromatic dihydroxy
compound is bisphenol A (BPA).

Examples of the carbonic acid diesters include diphenyl
carbonate; ditolyl carbonate; bis(chlorophenyl)carbonate; m-cresyl carbon-
nate; dinaphthyl carbonate; bis(diphenyl) carbonate; diethyl carbonate;
dimethyl carbonate; dibutyl carbonate; and dicyclohexyl carbonate.

Diphenyl carbonate (DPC) is often preferred for polycarbonates being
prepared on an industrial basis. As described in U.S. Pat. 5,026,817, the
carbonic diester component may also contain a minor amount, e.g., up to
about 50 mole %, and preferably, up to about 30 mole %, of a




and 1, 1-bi s(4-hydroxyphenyl)cycl ohexane; di hydroxyaryl ethers such as

4, 4' - di hydr oxydi phenyl ether and 4, 4' di hydroxy- 3, 3' -di net hyl phenyl et her;
di hydroxydi aryl sulfides such as 4, 4'-di hydroxydi phenyl sulfide and

4, 4" - di hydr oxy- 3, 3' -di net hyl di phenyl sul figde; dihydroxydiaryl sulfoxides
such as 4, 4'-di hydroxydi phenyl sul foxide~and 4, 4'-di hydroxy-3, 3" -

di met hyl di phendikashaxylis iadid oaﬂdegheh,ysﬂkhwdemphthdnl doidhes diphelayhs 4, 4' -

di hydr oxydi ph nd 4,4 i h di met hyl di phenyl sul f one.
I n nmost pref eﬁgé@@%ggqmFgaretq%yg}ﬁgy%g}/tzﬂrﬁ?%ﬁ, oxy conpound i s bi sphenol
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bei ng prepared on an i ndystria asi s i%ﬁf 5, 026, 817,
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Sg d,r Sgne 2;?[3 Oﬁgqaetg%oat%o})gtsagélﬁtm anzro% ee Tithtu oBenzoate isodium drogencarbonat e,
hydrogenphosphate, dipotassium hydrogenphosphate, dilithium
hydrogenphosphate, sodium phenylate, potassium phenylate, lithium
phenylate, sodium borohydride, potassium borohydride, and lithium
borohydride. In practice, the alkali metal-based compound initially reacts
in the melt with the aromatic dihydroxy compound to form an alkali metal
salt. Thus, the active catalyst is actually an alkali metal salt of the
aromatic dihydroxy compound, e.g., the sodium salt of bisphenol A.
Moreover, salts of the dihydroxy compounds (prepared beforehand) may
also be used, e.g., the disodium- , dipotassium- , or dilithium salts of
bisphenol A .

Examples of the alkaline earth metal compounds are calcium
hydroxide, barium hydroxide, magnesium hydroxide, strontium hydroxide,
calcium hydrogencarbonate, barium hydrogencarbonate, magnesium
hydrogencarbonate, strontium hydrogencarbonate, calcium carbonate,
barium carbonate, magnesium carbonate, strontium carbonate, calcium
acetate, barium acetate, magnesium acetate, strontium acetate, calcium
stearate, barium stearate, magnesium stearate, and strontium stearate.



pot assi um carbonate, |ithium carbonate, sodium acetate, potassium acetate,

lithium acetate, sodium stearate, potassiumstearate, |ithium stearate,
sodi um bor ohydride, |ithium borohydride, sodium borophenylate, sodium
benzoate, potassium benzoate, |ithium benzoate, disodi um hydrogenphosphate,

di pot assi um hydr ogenphosphate, dilithi um Hydr ogenphosphat e, sodi um
phenyl at e, potassium pheApImmpld: of an addipiomal transestest mammnmataimdn de,
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above-referenced U. S Patent 5, 026 817. When more than one catalyst is

employed, each may be incorporated into the melt at a different stage of
the reaction. .
U.S. Patents 5,026,817 and 5,151,491 (also referenced
above) provide many examples of variations in the transesterification
process, all of which are in the broadest scope of the present invention. In
general, the polycondensation reaction of the aromatic dihydroxy
compound with the carbonic acid diester compound includes a first stage,
carried out under ambient pressure at a temperature of from about 80°C to
about 250°C, for up to about 5 hours. In preferred embodiments, the
temperature at this stage is in the range of about 130°C to about 230°C,
while in some especially preferred embodiments, is in the range of about
150°C to about 190°C. Similarly, in preferred embodiments, the time
period for this stage is preferably up to about 4 hours, while in especially
preferred embodiments, is in the range of about 0.25 hours to about 3
hours. In the second stage, the reaction is continued while reducing the
pressure and elevating the temperature, and is completed eventually under



hydr oxi de, and di net hyl di phenyl ammoni um hydr oxi de. The
appropriate level of catalyst wll depend in part on how many catal ysts are
bei ng enpl oyed, e.g., one or two. In general, the total amount of catal yst
is usually in_the range of about 1 x 10[err] to about 1.0 nole per nole of
t he di hydroxy conmpound. In preferred enbodi frents, the level is in the range
of about 1 x #aGkdacéd pressivedf dboutl&hﬁrl‘{g(nnlmwre)xatraﬁempd'atdmydtmxy
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Saunders text theﬂpmove‘ssmﬁli@és dtileast onelCITR doperatitig under vacuum. This type
of equipment is known in the art and described, for example, in the Kirk-
Othmer Encyclopedia of Chemical Technology, 3rd Edition, Vol. 19,
(1982.). Usually, the primary polycondensation reaction takes place in one
CSTR under vacuum, or in a series of CSTR’s operating under a
sequential regimen of increasing temperature and decreasing pressure.
These “oligomeric stages” remove about 65% to about 90% of theoretical
phenol by-product. An additional catalyst such as one of the alkali metal
or alkaline earth metal compounds may be added at this stage, (although
sometimes, these types of compounds have already become incorporated
into the reaction system during preparation of the oligomers.).

In some preferred embodiments, at least one additional,
finishing reactor is added in series. This is often a plug flow reactor,
which is particularly useful for treating high-viscosity melt materials.
However, those skilled in chemical engineering understand that a wide
variety of reactor configurations and designs are sometimes employed, and
selection of a particular system depends on many factors, such as the



carbonate, and the primary catal yst can be nelted and agitated at about
150[ err] C under nitrogen. The tenperature is raised to about 210[err] C over
about 1 hour, and the pressure is then reduced to about 20 mm Hg. At this
point, nost of the phenol has been distilled off. The reaction mxture is

t hen heated for an_additi onal &eri od of about 5 to 6 hours, as the
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-9- molecule is displaced dyuring the reaction, becoming a leaving group. The

exact structure of the leaving group will of course depend on the particular

diester used. For example, use of an aliphatic diester would result in an

aliphatic-type leaving group, e.g., an aliphatic alcohol. Use of an

aromatic-type diester would result in an aromatic-type leaving group. As

another illustration, use of diphenyl carbonate would result in the

production of phenol as the by-product, while use of a diphenyl carbonate

with substituents attached thereto, e.g., bis(chlorophenyl) carbonate,

would result in a corresponding, substituted phenolic compound. For the

sake of brevity, the leaving group by-product will sometimes be referred to

herein as simply the "by-product”, which should not be construed to

include any reaction side-products which typically may be present at

impurity levels.

In determining the effective level of catalyst, trial portions of

an aromatic dihydroxy compound and a carbonic acid diester are first

combined with a pre-determined, controlled amount of catalyst. The

amount of material used for the trial portions is not critical. The dihydroxy



specific types of reactants and catal ysts enpl oyed; the volume of product

bei ng prepared; energy requirenents; environnental paraneters; the desired
nol ecul ar wei ght of the polycarbonate product, and its viscosity.

As alluded to earlier, a prlnary aspect ofifgthis invention is based on the
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oligomers, is taken out of the reaction system in any type of exit stream.
The level of by-product produced during the residence time is measured
by any conventional off-line technique, such as liquid chromatography, or
any on-line technique, such as a NIR (Near Infrared) spectroscopy system.
In preferred embodiments, a preparatory reaction or series of
preparatory reactions or “calibration runs” is first undertaken, to establish
the relationship between the level of leaving group by-product and the
~ level of catalyst. This correlation can be designated as the “by-product
reference value”, which is the average amount of by-product produced
when a selected level of transesterification catalyst (or catalysts) is used in
the calibration runs. The by-product reference value is usually in the
range of about 0.1 wt. % to about 5 wt. %, based on the weight of carbonic
acid diester employed. Usually, the selected amount of catalyst is the
amount that is required to produce polymer of the desired molecular




- 10- conpound and diester are those which would actually be enpl oyed to
prepare the specific polycarbonate desired, e.g., the product being
prepared on a conmercial scale. The reaction may be carried out batch- w se
or in a continuous process, with the Iattelrl being preferred. Any suitable
reactor or conbination of reactors nmay be errpl oyed, e.g., a CSTR or a plug
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value” for the catalyst. For example, if the normal “loading” of the

catalyst to make a desired product is 50 ppm, the catalyst feed could be

varied to produce a catalyst concentration in the range of about 10 ppm to

100 ppm. The flow rates of the BPA and DPC could be controlled to

result in a residence time of about 15 minutes. Then, the levels of the

phenol by-product would be measured and plotted as a function of catalyst

concentration. This will result in a substantially linear plot, having a

slope “m”, in units here of wt. % phenol/ppm catalyst.

The effective level of catalyst (“¢™) can then be calculated
according to the equation
' e=c+(d/m) (D,

where c is the pre-determined amount of catalyst added to the
reactor, and d is the difference between the measured phenol level and the



weight in the reaction, or is some proportion of that anount. (As further
illustrated below, there is a functional relationship between catal yst

| evel and the anount of |eaving group by-product, allow ng one to cal cul ate
one of the values if the other value is kngrn. In the case of di phenyl
carbonate, for exanple, the relationship~between catalyst |evel and phenol
production is sxpsttedphehdlievélnediat pafficulantatalyat tomcentmasionhes theean be
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the catalyst. For exanple, if the normal "loading" of the catalyst to nmake
a desired product is 50 ppm the catalyst feed could be varied to produce a
cat al yst conceetrati{d/m),randithus,ange of about 10 ppmto 100 ppm The flow
rates of the BPA and DPC could be controlled to result in a residence tine

of abaut 15 minutes. Then, the | evels of the phenol oduct woul d be
measured and pé &t 3@apast & Man%e{lowt%si 1 Qam?)ﬂy'sf pmdmep th leveliaf wil |
result in a su%h?@{lally | inear plot, having a slope "nm', in units here of
wt. % phenol / ppm Cat al yst The effective | evel of catalyst

("e") can then be cal culated according to the equation
An analogous type of equation could be utilized for the

situation in which the relationship between catalyst level and by-product
production is functionally related, but not necessarily linear. Those of
ordinary skill in the fundamentals of chemical kinetics would be able to
derive such an equation without undue effort, based on data from the
calibration runs discussed above.

- Determination of the effective catalyst level is an important
objective in the preparation of the polycarbonate polymer. The parameter
can be used for analysis of the reaction kinetics of different
transesterification catalysts, e.g., other catalysts whose efficiency may be
affected by impurities specific to other processes in which the catalysts
might be involved.

Moreover, the parameter can be used to control the catalyst
level. Thus, another embodiment of this invention relates to a method for
controlling the effective level of catalyst during preparation of a
polycarbonate, e.g., in a large-scale melt process. As mentioned
previously, the catalyst within the reaction system may be affected by a



e=c+(d/ m (ry, where c is the
predeterm ned anount of catalyst added to the reactor, and d is the

di fference between the neasured phenol |evel and the

-12- expected phenol |evel at that particular catalyst concentration (i.e.,
the reference value, as deternined in the Bhlibration runs). If the value

of d is positiygltitubie ofhtREE bYBaéi@‘(ﬁx'pu?ﬁie@Q_ﬂﬁhM%lsd Becohfe meafjdraRdm xture

is higher than. the anmount igfroduced. 1f d is a pegative,value, the
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able to derive such an e ' ] ive RAepefestalst g from
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ef fective cat aijdlar f{nat described pROYIQUSHY. iSbj %@miﬂwﬁﬁ@ﬁéﬁ"&#i on of

t he pol ycar bonigdetf ppmomitoringfthe kvl of l€iving grau bys-produdt. Asahgmtionef t he

reaction Ki netéb%%ef){hed;')r]:ageer{t%ﬂ\t/entors have discovered that there is a functional
relationship between catalyst level and the level of leaving group by-
product. As an example, the relationship may be linear or parabolic, and
depends in large part on the nature of the reactants. In the case of
diphenyl carbonate, the relationship is substantially linear. Thus, if the
level of phenol decreases by a certain amount, the amount of catalyst being
added to the reaction system should be increased by a proportionate
amount. Conversely, if the level of phenol increases by a certain amount,
the amount of catalyst being added to the reaction system should be
decreased by a proportionate amount. (The example which follows
pravides a good illustration of such an adjustment.) The effective level of
catalyst can be compared to the target value for the catalyst, i.e., the level
at which the catalyst is known to produce a polycarbonate product of
appropriate molecular weight by the specific polymerization process, as
described previously. '

To further illustrate with reference to the example provided

above, the effective level of catalyst was determined there to be 51 ppm.
An assumption will then be made that in the same reaction carried out in
the past, e.g., on a large, production scale, the target value for the catalyst
was 100 ppm. Thus, another 49 ppm of catalyst should be added to the



transesterification catalysts, e.g., other catal ysts whose efficiency may
be affected by inpurities specific to other processes in which the

catal ysts m ght be invol ved. Mor eover, the paraneter can be
used to control the catalyst |evel. Thus, Ianot her enbodi nent of this
invention relates to a method for control I'ing the effective | evel of

cat al yst duri reactioapsystem tmadjusttheadayalgstleneltand produce aigradd af ge- scal e nel t
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shoul d be transesterification reaction process (e.g., a production-scale process) to

prepare the polycarbonate, in the presence of an appropriate amount of a
transesterification catalyst. (As used herein, "production-scale” is meant
to include any scale above the laboratory scale - usually, at least about 50
kg of polycarbonate product per hour.). The appropriate amount of
catalyst has been determined and controlled as explained above. The
specific components used in the process have also been set forth
previously. The product can be compounded and extruded into peliets by
conventional, known techniques.

Examples

These examples are merely illustrative, and should not be
construed to be any sort of limitation on the scope of the claimed
invention.



decreased by a proportionate anount. (The exanple which follows provides a
good illustration of such an adjustnent.) The effective |evel of catalyst
can be conpared to the target value for the catalyst, i.e., the level at
whi ch the catal yst is known to produce a HS ycar bonat e product of
appropriate nol ecul ar wei ght by the specifi“‘c”pol yneri zati on process, as
described preExample. | To further |IIustrate with reference to
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an appropri at ¢eqfipwduldhothave the physical and/or chemical properties required for

a particular end use. Addition of a selected amount of catalyst to control
the effective level of catalyst according to this invention brought the
molecular weight of the polymer product back into specification.

Example 2
In a computer simulation for a test reaction to prepare

polycarbonate, the sensitivity of the phenol level to changes in the amount
of catalyst was measured at regular intervals. (The kinetic data
experimentally determined for an alkali metal ion catalyst were used in this
simulation, employing substantially purified compounds similar to
bisphenol A and diphenyl carbonate. The results were subsequently
verified, using bisphenol A and diphenyl! carbonate).

The readings shown correspond to a simulation of a CSTR
with a 15-minute residence time, at five different temperature levels. The
results are shown in Table 1:



transesterification catalyst. (As used herein, "production-scale" is nmeant
to include any scal e above the | aboratory scale - usually, at |east about
50 kg of polycarbonate product per hour.). The appropriate anount of

catal yst has been determ ned and controll ed as expl ai ned above. .The
specific conmponents used in the process have al so been set forth
previously. The product can be conpounded .apg extruded into pellets by

conventional, known techni-ques. Exanpl es
These exanples are nerely illustrative, and should not be construed to be
any sort of limtation on the scope of thablellai med invention

- 15 - Exanple 1 D phenyl carbonate.and bi sphenol A were

conbi ned by beitwalpunped v Bidaola Wa3t PlcasiCt Wt % Fhidad hav{ws @Bapice Wi %Phenol
predet er mi ned dwwmdite)*of aniéaidgal i mMESAC)i on cAT®CYyst ( NEZSK) The (F80WN r at e
of the DPCwas 1 14.5 m/hour, while the flowrate of the bisphenol A was 1

14d5 m / hour . Th]gast esi re@?@éswas m'mmznedom@ssemﬁrm@sse 07.15860%r r1 C
and a pressure o at mospher e he res| dence npo n
the reactor was nt ai ned-H#35§ ni Ré?%élngheoé%%‘? &f&l‘ﬂ@é’ n@a@é?@d and
found to be at a Xase val 081507933 W 0%14862 0.6581045 DUI183909 he 0®2043660f
the reaction, th henol |.enuelsdr op 4 rea 0%
To conpensate, a(ra?sgxt ra 2897 g 28Cclat a ?g?“\?é adde‘igosThl sl %3%% onigeZu 5tzed
inarise in the 4%evel of 0081, r0H683F7Rg tb166589basd.3f3BTR. 1.6

It was observed t4mt the degarase | nippARCl | eypleshad qarsess 1.975196

65 1.157705 1.381342 1.65816 1.962755 2.305463
75 1.328858 1.583956 1.896824 2.239768 2.62747
85 1.498301 1.784064 2.130909 2.511839 2942399 .
95 1.665927 1.981709 2.361362 2.777939 3.243685
100 1.749092 2.079632 2476575 2.906653 3.391704

*Catalyst level relative to 100%, which is the approximate, maximum level of catalyst expected
to be desirable for the particular reaction, based on the results of calibration reactions.



a fluctuation in the nol ecul ar wei ght of the final polycarbonate product.
Such a fluctuation indicates that the material was outside of
specification, i.e., it would not have the physical and/or chem cal
properties required for a particular end use. Addition of a sel ected anount
of catalyst to control the effective | evel of catalyst according to this

i nvention brought the nol ecul ar wei ght of the polynmer product back into
speci fication. Exanpl e 2 - Yh-a conputer sinulation for a

teSt hf eaction t(r)] prepar teIHtQif dﬁ?fﬁ@tﬁl@tlea:etame&pfagéd mgmpmlfoﬁm&a B@Enol |evel
(The. ki et ¢ diad BRIHF medich 50 Sl el Rk B SRYH of Bhoncl Brodisrion vf

cat al yst wer e lavaat highehtampraturest is gneatentham gt thg lewestemperatiey, sige theed
conpounds i mihydi nEvRATAS Latfletid HbRBFAVLaRoLOnafereglie THEL! (S vere
subsequently veriftied, .usi.ng bisphen and di phen carbopate).” ..

The rgadi ngg JRImMmentation Bz;%aeqsarplagéherﬂﬁvawfdweagﬁ %peé@m%mvﬁeasg:mﬁlmte
residence ti meL80RC thaw &t IE0°Cer A9inchton& sigveCtheayberatud §s mahitdihed bews hown

in Table 1: . - . . - 16 -
Tabl e | tpg pRPTpEimate boffjng,pqiptofthe legying SUR &Y -RFPd4E Phenol W % Phenol
W % Phenol Level (% * (160[err] O (165[err] O (170[err] O

01336735 03597058 G oRsEred embodiments have ERf3icTih for the pfpser
ustration, the foregoing description should not be deemed to be a limitation on
the scope of the invention. Accordingly, various modifications, adaptations, and
alternatives may occur to one skilled in the art without departing from the spirit
and scope of the present invention. _
All of the patents, articles, and texts mentioned above are incorporated

herein by reference.
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0. 2743313 0. 3290158 0.3979324  0.4747099 0. 563785
25 0. 4547931 0. 544862 0. 6581045 0. 783909 0. 9294366
35 0. 6333281 0. 7579572 0. 9143052 1. 085708 1.287155
45 0. 8099691 0. 9683873 1. 166559 1. 383378 1. 634884
55 ~ 0.9847643 1.176113 1.413659 1. 675665 1. 975196
65 1. 157705 1. 381342 1.65816 18 - 1. 962755 2. 305463
75 1. 328858 1. 583956 1. 8968@Kims 2. 239768 2.62747
85 1. 498301 1. 784064 2.130909  2.511839 2. 942399
95 1. 665927 1. 981709 2.361362  2.777939 3. 243685
100 1. 749092 21.0206@thod fo? défedmitiing theoeffeaes kevel oficagalystdfar the

*Catal yst |ev ' ;chfho@ng}f{ﬁél J : ' V.,
of catal yst e%rgé%gl{o%\g?g?!eswa (g?nbfﬁ%gﬁaa?%%ﬁﬁggﬁ?gr%ﬁgﬁ&&i%dﬁon
the resul ts ofarematisdibydsaxy eempewidand a carbonic acid diester which produces a

- 17 - leaving grétig bylptaduetl; chalfiriying tHefoRdwingassgpsessed in graph-form
in FIG 1. Based on %rhe nodel , it. s ckear that. t.he sensitivi f enol
production to catal zg)srpaﬁg{gequagporkﬁogﬁgkﬁ{ee%@@hf&ﬁggrqq ‘g’?@ﬁ@ﬁ aﬁﬁéﬁgat t he
| ower t enper atcarbenicsicitbdiesthrat atempeniturddetlowdhe boiting point of thedegyingigroums

cat al yst | evel pi R ool j WA A el of
phenol need no?y E{éﬁdﬁ%ﬁ%degﬂl@gcpf:{i‘lﬁf\?& gﬁa?goeyﬁ%e%ﬁgﬁﬁg?ﬁli%[er??gg As

urte.as s
ment i oned abov&ENSERETHICAtN ¢A >i's mai ntai ned bel ow t he approxi mat e
boi :ci ng SOi Rit:) gf t hig) hessating the level 6fleaviaggedup by-product; and f Wile
preferred embodi nent\s . . i on,
t he foregoing descr@p%%@%ﬁ?&%‘kg@@e@%@% %g&ﬁﬁ%gtsgt J|)f(.)llrt1£§‘:})t?1 he
scope of the iYyalees intman pguasioni rapresenting the effeativrt levelafi catalyst,aubgrein thens,

and al ternati va%laﬁaﬁ i98€rved Rofmhe lcakt dhéhlibratidifreattionbétivesn tHéRamatieg from

the spirit anddi ():,8 o?cy%n‘}p%?m and die carboric acid diester; and the reaction values

comprise:

(i) the pre-determined amount of catalyst present in the reactor
according to step (a); and
(ii) the difference between the by-product level measured in step (b)
and a by-product reference value pre-determined from the calibration reaction,
~ wherein there is a functional relationship between the effective level of
catalyst and the amount of leaving group by-product.

2. The method of claim 1, wherein the relationship between the
effective level of catalyst and the amount of leaving group by-product is
substantially linear, and the effective level of catalyst ("e") is calculated according
to the equation

e=c+(d/m)- D,

‘where “c” is the pre-determined amount of catalyst present in the reactor
according to step (a); “d” is the difference between the by-product level measured.
in step (b) and a by-product reference value pre-determined from the calibration
reaction; and “m” is the slope of a line representing by-product production as a
function of catalyst concentration for the calibration reaction.

I
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Al'l of the patents, articles, and texts nentioned above are incorporated
.herein by reference. - 18 -
Cl ai s 1. Anethod for determning the effective |evel of
catalyst for the preparation of a polycarbonate polyner by a
transesterification reaction between an aromatic di hydroxy conpound and a
carboni c acid diester which produces a Ian%ng group by-product; conprising
the foll ow ng steps: a) reacting trial” portions of the aromatic

di hydroxy conpound and the carbonic acid diester at a tenperature bel ow the
boiling point of the |eayi . C - 1 | din
the presence of a known %mﬁ%gﬁﬁg%ﬁ%@%&qe{#ﬁgg Fgﬁge%taep‘gi{&gfsxéﬁ &E{ilyé{‘ b)
measuring the remprisestan dkali meta)salyof tie aspwatie dihydrmxy compound) cal cul ati ng
the effective level of catalyst, by inserting a set of reaction values into
an equation representing,the effectjve . level of catal yst. rejn the.
equation is derived fronfat ﬁ%&?ﬁ%@fe@a’m gw‘%(ﬁ?@ﬁﬁ‘ﬁéﬁ?ﬁ'dﬁ%ﬁ%@ﬁ spﬁym
aromati ¢ di hydsalky conpound and t he carbonic acid diester, and the reaction
val ues conpri se: . (i) the pre-determ ned anmount of catal yst
present in the reactor according to step (a);. and . . (i iza t he

di fference between the b¥- plbemethadokslaim: howhergin the srapsestasificatign gatalyst is
by- product r ef gegnafiryml 45asis esiR | efittdd Pomithe | onsistifg of Setitumon,

wherein there js,a functjonal ,rel at.i,onshi,p, betwegn t,he effecti ve | evel of
catal yst and tt%drg nW%fS‘ﬁ"BJ!VﬁHB“ﬂ?’&&B* yﬂ’rl&iﬁe’f‘.de' 2. The

nmet hod of claim 1, wherein the relationship between the effective |evel of

catal yst and the amount @f. m@ﬁm%@"px%ée}eﬁ%e%@fﬁ%?ga 'o%ll y

linear, and the effecfive |eve al yst I's calc atcordi ng
compound is bisphenol A.

7. The method of claim 1, wherein the carbonic acid diester is
dipheny] carbonate, and the leaving group by-product comprises phenol.

8. The method of claim 2, wherein the pre-determined by-product
reference value represents the average amount of by-product produced in a
multitude of the calibration reactions. -

9. The method of claim 3, wherein the amount of
transesterification catalyst employed in step (a) is in the range of about 1 x 10
mole to about 1 mole, based on 1 mole of the aromatic dihydroxy compound.

10. The method of claim 9, wherein the pre-determined by-product
reference value for step (c) is in the range of about 0.1 wt. % to about 5 wt. %,
based on the weight of carbonic acid diester present in step (a).

11. A method for controlling the effective level of catalyst during
the preparation of a polycarbonate polymer by a transesterification reaction
between an aromatic dihydroxy compound and a carbonic acid diester which
produces a leaving group by-product; comprising the following steps:

a) reacting trial portioné of the aromatic dihydroxy compound and the
carbonic acid diester at a temperature below the boiling point of the leaving group

-

| O



to the equation e=c¢+ (dm

.Wwhere "c" is the pre-determ ned anount of catalyst present in the reactor
according to step (a); "d" is the difference between the by-product |evel
measured in step (b) and a by-product reference val ue predeterm ned from
the calibration reaction; and "m" is the slope of a |line representing

by- product production as a function of catapbyst concentration for the
calibration reaction. - 19 -
3. The method of claim 1, wherein the transesterificajipn catalyst

conpri ses an ahkprodugkuadesmelt conditings andHuiie PreseRgeIP g“‘&‘éfﬁﬁ tofa

4. The met hod fnsetdtificionbRalgst) the alkali netal salt is a sodiumsalt.
5. The method of clgim1l, wheréjn transesterifi.catjon catalyst is
derived from a basi @%g&ggﬂg@vglthr}g)g-qrpgmettmgdlé%ﬂ%ﬁ%Onsi sting of sodium
hydr oxi de, pot assi uhdeyhacingdke leanbof by:productpradacedde a by-product reference 6,
The net hod of | ' ty} ' B ' | ;hehenol
A e hich WAEDR Befbisfind] BT L Shey SRR R Wi t{s@
diester is di pheshaf byproduetipsoduged is sebstantially propastion wﬁwﬁﬁalvs% PEes

phenol . catalyst; and 8. The method of claim2, wherein the pre-determ ned
by- product d) adjusting the effective level of catalyst, based on the comparison of
step (c).

12. A method for controlling the effective level of catalyst during
the preparation of a polycarbonate polymer by a transesterification reaction
between an aromatic dihydroxy compound and a carbonic acid diester which
produces a leaving group by-product, comprising the following steps:

a) reacting trial portions of the aromatic dihydroxy compound and the
carbonic acid diester at a temperature below the boiling point of the leaving groug
by-product, under melt conditions and in the presence of a known amount of a
transesterification catalyst;

b) measuring the level of by-product produced; and

c) calculating the effective level of catalyst, by inserting a set of reaction
values into an equation representing the effective level of catalyst, wherein the
equation is derived from at least one calibration reaction between the aromatic
dihydroxy compound and the carbonic acid diester; and the reaction values
comprise:

(i) the pre-determined amount of catalyst present in the reactor
according to step (a);

(ii) the difference between the by-product level measured in step (b}
and a by-product reference value pre-determined from the calibration reaction; anc
then

d) adjusting the amount of catalyst utilized in a production-scale
transesterification reaction process to prepare polycarbonate, based on the
comparison of the level of by-product produced in step (b) with the effective level

-of catalyst determined in step (c), : :
wherein there is a functional relationship between the effective level of
catalyst and the amount of leaving group by-product.

-
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ref erence val ue represents the average anount of by-product produced in a
-mul titude of the calibration reactions. 9. The net hod of
claim 3, wherein the anmount of transesterification catalyst enployed in
step (a) is in the range of about 1 x 10[err] nole to about 1 nole, based
on 1 nole of the aromatic di hydroxy conpound. 10. .The met hod
of claim9, wherein the pre-determ ned by-product reference value for step
(c) is in the range of about 0.1 Wt %to abeut 5 w. % based on the weight
of carbonic acid diest eﬂ3prﬁ$ﬁﬂéthioﬂ of tchiim( ), wherein the relationshiplbetweeetheod

f troll the eff t f
bol year bonat ¢ SHEPIE Vot el B e e Rl Shvid iidig thlolagRer St 00 o 8
di hydr oxy conpubsientiatly linean and theeFedtivedeed of catalyist (eris galculated acsauding

group by- prodw{he&@ggbhy ng the foll ow ng steps: - a) reacting trial
portions of the aromatic dihydroxy conpound and the carbonic acid diester

at a tenperature below the boiling point of the |eaving group

- 20 - Dby-product, under nelt condi k=003 (dnd)in the presence @, a known
anount of a transesterification catalyst; b) neasuring the |evel of
by- product produced; and c) conparing the | evel of by-product
produced to a by- prwberq“q”eséwarre etexmiredamewnt.af satalyst peasentintbeirgagtost

! egSE one f?l h@écﬁr&i it O*a" 1§‘ﬂﬁrfcﬁﬁ81£e§15€ bf‘,@\\/&h tRé bﬂsnsmd leviel m@sms@d i s

substanti a y ro |o e effective |lev

d) adj Usting ihESBAPLAT %Evm#é\ct fereit e prosdeienipgd ot Bls sslBrasion o

step (c). reactlon and “m™ is the slope of a line representing by-product production as a
function of catalyst concentration for the calibration reaction.

14. The method of claim 13, wherein the transesterification catalyst
comprises an alkali metal salt of the aromatic dihydroxy compound.

15. The method of claim 14, wherein the alkali metal salt is a
sodium salt.

16. The method of claim 12, wherein the level of by-product
produced in step (b) is greater than the pre-determined by-product reference value,
and the adjustment of step (d) comprises reducing the catalyst amount to a level
sufficient to lower the by-product production to the pre-determined reference
value.

17. The method of claim 12, wherein the level of by-product
produced in step (b) is less than the pre-determined by-product reference value,
and the adjustment of step (d) comprises increasing the catalyst amount to a level
sufficient to raise the by-product production to the pre-determined reference value.

18. The method of claim 12, wherein the leaving group by-product
is_phenol.

19. An improved method for producing polycarbonate polymer by a
production-scale transesterification reaction between at least one aromatic

* c L L S *



12. A method for controlling the effective |l evel of catalyst during the
preparation of a polycarbonate polyner by a transesterification reaction
bet ween an aromatic di hydroxy conpound and a carbonic acid diester which
produces a | eaving group by-product, conprising the follow ng steps:

a) reacting trial portions of the aromatic di hydroxy conmpound and the
carbonic acid diester at a tenperature below the boiling point of the

| eavi ng grout by-product, under nelt conditions and in the presence of a
known anount of a transesterification catal ygt. b) neasuring the

| evel of by-prqduct produced;, an . c),calculating the.effective |evel
of catal yst .| byt Fapeite e 1east ons Eabar s YisRar WhRIHTaRRsY
representing t heavilg group by-prodedt; odmpeisiag ¥ follohingstaps:he equation is
derived from at | eag Eﬁ'ctﬁ%l ' j ' nﬁspo,‘hmg '

di hydr oxy conpou%%l gqu e at?'%%ﬁ?ﬂéﬁ%g?ﬁﬁ&fdgﬁﬂgﬁ?ﬁ tig rgacgﬁtgga\%iues
conprise; - <caroonicact fefteﬂ'ﬁéaﬁ?@-t’eéttgpﬁ?rﬁﬂ’dcsﬁ%% ¢ betding Rpint of the o ¢
in the reactor leaviny giong byproded, Gader melt conditions and ifiithe gﬁebmaéidffadmeme

bet ween the by- E-fi?( I [ | tep (b) and a by-product

ref erence val ugﬂ%ﬁgt@f& er m%g‘ﬁ?gﬁﬁgﬂtggﬁg | bration reaction; and then

d) adjusting the antiihtmegsusingahsylevelof by-produstpredyeediiuct i on- scal e
compari son of the | ST MR BERTR oS INERT A fonkipnahd, Dnce on the
effective | evel of ggfaqeﬁggn%ggé}lﬁp%l@dgmﬁtlgﬁ@gd{q,\y,con{)pqam and o ¥R e is
a functional r dieaterimaipreduntionesealetttensesténfitdtioa reaction processt@prepareand t he

anount of Ieav'g cSbOH bu,— 4 . . .
o Ol GHifte i (RE AediEhoe, of an appropriats smount of  trppsesterification,

between the -catalyst
wherein the appropriate amount of transesterification catalyst for tt

production-scale process is determined by the effective level of catalyst determin:
in step (1ii).

20. The method of claim 19, wherein the transesterification cataly
comprises an alkali metal salt of the aromatic dihydroxy compound.

21. The method of claim 19, wherein the transesterification cataly:
is used in conjunction with a second transesterification catalyst.

_ 22. The method of claim 19, wherein the leaving group by-produc
is phenol. o
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effective | evel of catalyst and the anpunt .of |eaving group by-product is
.substantially linear, and the effective |evel of catalyst ("e") is

cal cul ated according to the equation e =
c + (dm ()., where "c" is the

pre-determ ned anount of catalyst presedB i-n the reactor according to step

(a); "d" is the difference hy - Meys st ep
(b) and a by-‘l‘pl"{fﬂiﬁ’(g’cD F&%F@%@é‘%@%@- ﬁfﬁnﬁﬁ{gd% rgrlﬁ t he%%gﬁ['gr?’gti on
reaction; and "npyksnchens! PREPARARION NOF I B pP@EEOARBONATE pPOUYMER pr oduct i on
as a function of catalyst concentration for’ 513‘313?4 | bration reaction.

14. The nmethod of claim 13, wi¥ SRANSES T ™ i cation catal yst
conprises an al kali metal salt of the titc di hydr oxy conpound.

15. The nmethod of claim 14, wherein thz%%i netal salt is a sodiumsalt.
16. The nmethod of claim 12, wherein the |evel of by-product produced in

step (b) is greater th ggemo?agehﬁmﬁgﬂsﬁ cRYONHEL of @lByaTsetéal ue, and

t he adj ustnent of step conprises, redycli ng the c,gta(%/st nount to a

| evel suffi cipseparation ofi@ polyrarbepate pobmer Oy HERNSESEHUFFIANEANMN Bet er i ned

lref elre”?emedi&éose%i. The method_invol*tks ﬁfé&guf@ﬁ_ é’nlidf tHe:t lehvinggidup byrproduat t hed

evel of by-pro roduced in.s J - rm ne

by- product r Pé%iﬁ{d%‘pe%}aﬂ&é?dd‘écﬁg Wﬁggﬁmﬁgﬁﬁé%fl %az{e}gh{agfagﬁ'ﬁgﬁﬁes

i ncreasi ng t lempouat pad axabortic acidaliesters in thefpresenesof a known gmouptof

by- product pr, ] t e Lfm’?@& i 1e8lcHi be ed

18. The met h(?gglg %@%%fz&%&éﬂ%tb? e a#ﬁﬁé{?@ﬁm b@p%od%xz?%h.ghenol )

19. An i npr owith hypreduct sefersnes “ﬁ‘g‘;t‘b?ﬁ-l?‘gﬁ‘ic %Cti}%'ﬁ 01 1

pr oduct i on- schtecdn berassttoreffitienty control 2atalytic dotivite éma produetion scaie ar omat i ¢
reaction for producing polycarbonate polymer.

Figure 1



- 22 - di hydroxy conpound and at | east one, carbonic acid diester which
produces a | eaving group by-product; conprising the followi ng steps:

“(i1) reacting trial portions of the aromatic di hydroxy conpound and the
carbonic acid diester at a reaction tenperature |ess than the boiling point
of the | eaving group by-product, under nelt conditions and in the presence
of a known anount of a transesterification catalyst; (i1) nmeasuring
the | evel of by-product produced; (tii) calculating the effective
| evel of catalyst for step (i); and 171 (iv) reacting additiona
aromati ¢ di hydroxy conpound and carbonic acic diester in a production-scale
transesterification reaction process to prepare polycarbonate, in the
presence of an appropriate anmount of a transesterification catalyst,
wherein the appropriate anount of transesterification catalyst for [err]
production-scal e process is determned by the effective |evel of catal yst

determine in step (iii). 20. The nethod of claim 19, wherein
the transesterification catal) conprises an alkali nmetal salt of the
aromati ¢ di hydroxy conpound. 21. The nethod of claim 19,
wherein the transesteggfication cataly is used igconjunction with a second
transesterification catal yst 22 met hodwgf clai m 19,
wherein the | eaving gr@up by-produc} \: A )
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