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BACKGROUND OF THE INVENTION

This application relates to the finishing of polycarbonate using a melt process,
and in particular to a method for quenching residual catalyst used in the

polycarbonate-forming reaction, and the products formed by this reaction.

Aromatic polycarbonates are useful in a great many applications because of
5 their desirable physical properties, including strength and optical clarity. There are
three processes known for the production of aromatic polycarbonates, which are
illustrated in Fig. 1. The conventional interfacial process and the phosgene-based
melt process start with the reaction of phosgene with carbon monoxide. The “no
phosgene” melt process was developed to eliminate the use of highly toxic phosgene

10 in the reaction process.

Both types of melt processes make use of a diarylcarbonate such as
diphenylcarbonate (DPC) as an intermediate, which is polymerized with a dihydric
phenol such as bisphenol A (BPA) in the presence of an alkaline catalyst to form a
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10 reference, discioses the use of acidic compounds to quench residual alkalinity. The

acid compounds tested are shown to produce polycarbonates with improved heat and
water resistance, and low yellowness indices. An important consequence of residual
alkaline catalyst which is not directly addressed by this patent is the base-catalyzed
coupling of UV absorbers to the polycarbonate backbone. Normally, amounts of

15 liquid quencher of less than 4 ppm are utilized. Although this amount is small, it
corresponds to approximately 4 times the theoretical amount of quencher which
should be necessary to neutralize all of the catalyst used. Nevertheless, despite the
excess of quencher, reaction between UV absorber and polycarbonate backbone still
occurs, impairing the efficiency of UV protection, Furthermore, it does not appear

20 that the addition of more quencher has any significant effect on the levels of reaction
between the UV absorber and the polycarbonate once a threshold has been reached.
Thus, there remains a need for a method for quenching residual alkaline catalyst

which more effectively reduces the interaction of UV absorbers with potycarbonate.
It would be desirable to provide such a method.

25 It would further be desirable to provide finished polycarbonate compositions
with high UV retention values and good color stability,
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efficiency of quenching can be measured by UV retention. Surprisingly, although

phosphorous acid alone has no impact on the UV retention, the combination of alkyl

tosylate quenchers and phosphorous acid provides a significant improvement over the

use of the alkyl tosylate quencher alone. Thus, the method of the invention permits a
15  reduction in the amount of alkyl tosylate guencher used, and can achieve superior

results which cannot be achieved even by increasing the alkyl tosylate levels.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows three methods for manufacturing polycarbonates; and

Fig. 2 shows the reaction of a diarylcarbonate and a dihydric phenol to

produce a polycarbonate.
DETAILED DESCRIPTION OF THE INVENTION

20 In the method of the present invention, residual alkaline catalyst present in a
polycarbonate composition formed from the reaction of a diaryl carbonate and a
dihydric phenol is quenched using an alkyl tosylate and phosphorous acid to provide a

polycarbonate composition with improved properties. The method of the invention
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A preferred dihydric alcohol for use in the method of the present invention is
bisphenol A. Other dihydric alcohols, including those listed in US Patent No.
5,717,057 may also be used.

15 Catalysts used in the method of the present invention to form the intermediate
composition are basic catalysts such as alkali metal or alkaline earth metal compounds
or nitrogen-containing basic compounds which are effective to catalyze the production
of polycarbonates by melt condensation of the diaryl carbonate and the dihydric
phenol. Any of the known catalysts useful for this purpose may be empioyed.

20 The method of the invention provides a finishing step to reduce or eliminate
residual catalyst in the polycarbonate product in order to minimize detrimental effects
on the properties of the finished product. In accordance with the invention, this
finishing step is accomplished by combining the intermediate polycarbonate
composition with an alky! tosylate and phosphorous acid; and processing the

25  combination of the intermediate polycarbonate composition and the alkyl tosylate and
phosphorous acid to biend the compositions and quench residual basic catalyst present

in the intermediate poiycarbonate composition.
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embodiment, the alky! tosylate is combined with a liquid carrier, for example

propylene carbonate, and injected into the molten polycarbonate within the extruder.
In a third embodiment, the alkyl tosylate is combined with polycarbonate in pellets

15  and introduced through a side feed of the extruder. The pellets may be formed by pre-
compounding the alky] tosylate with polycarbonate; by compacting a mixture of
polycarbonate powder and alky! tosylate; or by coating alkyl tosylate as a layer on the
exterior of polycarbonate pellets. Introduction of alkyl tosylate quenchers using each
of these approaches is described in US Patent Application Serial No. 09/273,379,

20 which is incorporated herein by reference.

The introduction of phosphorous acid can be accomplished as part of a powder
masterbatch, optionally including other additives. This masterbatch is introduced via
a side feed of the extruder. The phosphorous acid can also be introduced by liguid
injection in water solution via a nozzle mounted in the extruder. The amount of
25  phosphorous acid added will depend on the amount of alkaline catalyst used in the
original reaction. For common commercial levels of catalyst, a suitable level of

phosphorous acid quencher is between 1 and 6 ppm.
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expressed as

The higher the UV retention is, the better. Surprisingly, despite the fact that
phosphorous acid alone was ineffective to improve UV retention, the UV retention
15  observed for the combination of the n-butyl tosylate and phosphorous acid was higher

than that obtained for n-butyl tosylate, even at higher levels.

The second test performed is a color stability test. In this test, the yellowness
indices of two chips of polycarbonate molded at 360°C, one for a standard cycle time
and one for a prolonged cycle time of 15 minutes are compared. The greater the

20  difference between the yellowness index of the two chips, the less color stability the
composition exhibits. Thus, it is desirable to have a low value for the color stability
rating. The best results were obtained using the combination of n-butyl tosylate and

phosphorous acid.
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UV absorber (Cyasorb 5411) was added via a side feeder. Phosphorous acid, when
used, was also introduced with this masterbatch. Samples finished with n-butyl
tosﬁlate were treated by injecting a solution containing 4% n-butyl tosylate in
propylene carbonate at a rate of 0.5 to 1.0 kg/hr.

15 A total of six experiments were conducted as summarized in Table 1. The
resuiting products were evaluated for % UV retention and color stability, as reflected
in the increase in yellowness index (YI) following 15 minutes at 360°C. As shown in
Table 1, sample 6 which was treated with both n-butyl tosylate and phosphorous acid

exhibited surprisingly superior results.
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EXAMPLE 2

Solid polycarbonate pellets containing alkyl tosylate quencher which can be

used in the method of the present invention can be prepared in the three ways.

Precompounded quencher masterbatch pellets were prepared by dry blending
5 of mixture of 100 parts polycarbonate powder and 0.3 parts n-buty! tosylate in a
Henschel blender for a few minutes, The dry blended mixture was then compounded
in a Leitritz co-rotative twin screw extruder 34 mm at 270°C, 250 rpm and 15 kg/hr.
No vacuum was applied during the compounding to avoid volatilization of the

quencher After compounding, dry, transparent and natural pellets were obtained, and

10 no processing issues were experienced. Analysis of the pellets by HPLC determined
that they contained 1950 ppm n-butyl tosylate and 400 ppm of p-toluene sulfonic acid
(also active as a quencher) which was formed from hydrolysis and thermal
decomposition of the n-buty] ester.
Compacted peliets were prepared by dry blending a mixture of 98 parts
15

polycarbonate powder, 2 parts pentaerythrito! tetrastearate (PETS) and 0.3 parts of n-
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pol ycar bg*@h@nﬂo@ngﬁ;éwyv@g@_ Delianenead).i nto the bl ender at room tenperature
and pre-blended for 5 mnutes at 300 rpm While maintaining the bl ending,

270 gr of n- butyl tosylate (0.3 wt %of the total PC wei ghi)i@\éere then air
sprayed into Cestedaclletsovere prapatedga @ 158 lger Mayp-digsekaws cate Mt in

t he space oyer.  the top of the pell .1 Bl [ | 1 nut es,
e SR e Ok Shihohi ik NP RS R OB 06 Rl o 1 22,
di s appeapf‘edbxei[&& fo2 SUhinufd aPSO6 S, WEHIR Haivitaisihy i blyndiag)y270adiohave t he
charactefristic odor of the butyl tosylate. HPLC anal ysis indicated an
aver age batybuoslylané (QpienShef thasobBO wyight) wetyber RRGPEYRE injo dhecpailets
accumnul ation on. the ) ] ..

over a period of 2 minutes, creating a mist in the space over the top of the pellets.

Blending continued for 10 minutes, during which time the quencher was absorbed by

15 the pellets and the mist disappeared. The resulting pellets were dry, slightly hazy, and
have the characteristic odor of the buty! tosylate. HPLC analysis indicated an average
amount of quencher as 2500 ppm, suggesting some quencher accumulation on the

wall of the blender.



wal | of the blender. 12 Novenber 2003 Wat is clainmed is: -10 1. A nethod
for finishing polycarbonate produced by reaction in a nelt paryl..
carbonate and a di hydric phenol in the presence of a basic g%@%?%§¥ﬂf%§05
produce an internediate pol ycarbonate conposition, conprising the steps of
5 (a) conbining the internedi ate polycarbonate conposition wth an al kyl
tosyl ate _and phosphorous acid, and ¢b%-processing the conbination of the
internediEFE“HUﬂ?gﬁﬂbﬁnate conposition, the alkyl tosylate and the
phosphorous acid to blend the conbinati on and quench residual basic

catal yst present i he | at.ar- i . y.C { P4 0.2. The
nmet hod of E)'cl ai % Ei,eﬂnvat'udefbéi @W%%&%%&%I gl{ogﬁl&gi ﬁY ggwﬁt%sé)l%g?l .Off The
met hod of diakydicabbnatsheided diliytific piend]lin dhe Prebeticeloftz0basintfalyst brmduded 0 7
ppm 4. The nethod of claim3, wherein the anount of phosphorous acid is
from 1 toabintgmediptepolypasborate sempesidomicamprisiagdhe$tens dherei n the al kyl

tosylate is conbined with the internedi ate pol ycarbonate conposition in a

| i qui.d cafpi er : cl al L 0: t t te is
pr ocgssed@n a‘"’%’?’é‘é@ tr?gq}cl%?%gnfg{eé {ﬁ%%l?adj a&%ﬁ%&? ﬁ@f%%e%k%ld%gﬁa% aim 3,
wher ei n t hied plissphdrons adidpatidyl tosylate is from2 to 5 20ppm The nethod of

claim?7, wherein the anmount of phosphorous acid is froml to 6 ppm
(b)  processing the combination of the intermediate polycarbonate composition, the
alkyl tosylate and the phosphorous acid to blend the combination and quench residual

basic catalyst present in the intermediate polycarbonate composition.

10 2. The method of claim 1, wherein the alkyl tosylate is n-butyl tosylate.

3. The method of claim 2, wherein the amount of n-butyl tosylate is from 1 to 7
ppm. |
4. The method of claim 3, wherein the amount of phosphorous acid is from 1 to 6
ppm.

15 5. The method of claim of claim 1, wherein the alkyl tosylate is combined with

the intermediate polycarbonate composition in a liquid carrier.

6. The method of claim 3, wherein the n-butyl tosylate is processed in a

propylene carbonate liquid carrier.

7. The method of claim 3, wheretn the amount of n-butyl tosylate is from 2 to 5
20 PpIn.
8. The method of claim 7, wherein the amount of phosphorous acid is from 1 to 6





