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DI ETHYLDI METHYLAMVONI UM HYDROXIDEYAS CATALYST
Background of the Invention This invention relates to the
redi stribution of pol ycar bonates, and nore particularly to a
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redi stribution catalysts is disclosed in 5,414, 057. Included are
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_interfacial method involving the reaction of a dihydroxyaromatic

compound with phosgene, or a melt method in which the phosgene is
replaced by a diaryl carbonate. In recent years, however, a

10 redistribution process for use with polycarbonates has been
developed. This process, described in U.S. Patents 5,414,057 and
5,459,226, comprises heating an already formed polycarbonate in the
presence of a redistribution catalyst to produce a polycarbonate with
a different, generally lower, molecular weight. The method is highly

15  useful commercially because it permits the preparation from
monomeric materials of a single high molecular weight
polycarbonate, which may then undergo redistribution to yield a
spectrum of lower molecular weight materials which can be custom
designed depending on their intended use. A similar method,

20 applicable to polyestercarbonates, is disclosed in copending,
commonly owned application Serial No. 08/373,805.

A broad spectrum of redistribution catalysts is disclosed
in 5,414,057. Included are tetraalkylammonium hydroxides,
tetraalkylammonium acetates, phosphines such as

25 triphenyiphosphine and organometallic compounds. The
tetraalkylammonium hydroxides are often preferred because of their
availability and particular suitability.
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tetramethylammonium hydroxide, which upon thermal decomposition

15  vyields the more volatile trimethylamine, for tetrasthylammonium
hydroxide might satisfactorily solve this problem. Indeed, it was found
that the trimethylamine level of a polycarbonate prepared by
redistribution using tetramethylammonium hydroxide as a catalyst
was very low, generally less than 500 ppb (0.5 ppm). However, even

20 at this low level the trimethylamine imparts a distinct and unpleasant
odor to the polycarbonate, rendering it unsuitable for many customer
applications.

Therefore, it remains of importance to perform
polycarbonate redistribution under conditions which afford a product
25 of low volatiles content and without a detectable odor.

Summary of the Invention

The present invention is based on the discovery of a
tetraalkylammonium hydroxide which is active as a redistribution
catalyst and which, upon thermal decomposition under extrusion

30 conditions, affords a highly volatile amine with insignificant odor. This
material is diethyldimethylammonium hydroxide, and its principal
decomposition product is ethyldimethylamine.
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Accordingly, the invention i's a nethod for redistribufin _.an organic
pol ycar bonat e c8RpFIERNIOROYEARANGIH GOMPPEItioRLTAMBIiSing ri'ge'? equiliRrating i al
l'i near er br aDCEﬁdnﬁwﬁﬁéﬁr éf)bva?lﬂihbgr&'bﬁﬂi@:%mg?é%lbbgﬁte compbsiakt fer' zed by
Catalytic anounEhBfaqr e PHEROPHA WRETiAerage MRiskuial WEISLTLE condi ti ons
such that a §edips¢serine efda patalgtiv amoaheof diethyddinmtihylammaorsufor ned having a
ol aoul ar - wei ghiyerodeEruliilncons YUl ateglBif b SliRaBERE' 10
Any linear or brempusitigols/fosmedrimvingamight average raslecular waighipt abl e
starting materi Gniéts HRrERIAAA 1AE iMibiSmbRUSIviighiSui tabl e

u altp

pol ycar bonate conpositions inc e aromati c and atic

pol ycar bonat es. . .. Preferably._ the jnitial polycarbonate

conposition is Aetailed Desexiptions Peatesred: Emkpdunents car bonat es

typically consi st essentially of structural units of the formula:
10 Any linear or branched polycarbonate composition is an

acceptable starting material for the method of this invention. Suitable
polycarbonate compositions include aromatic and aliphatic
polycarbonates.

Preferably, the initial polycarbonate composition is an
15  aromatic polycarbonate. Such polycarbonates typically consist
essentially of structural units of the formula:

() ~—0—R—0—C—

20 wherein at least about 60 percent of the total number of R groups are
aromatic organic radicals and the balance thereof are aliphatic,
alicyclic, or aromatic radicals. More preferably, R is an aromatic
organic radical and still more preferably a radical of the formula:

o5 iy  —Al-y—AZ— |



[err] 20 wherein at | east about 60 percent of the total nunber of R

groups are aromatic organic radicals and the bal ance thereof are
al i phati c, alicyclic, or aromatic radicals. Mre preferably, Ris an
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Typically, the weight average molecular weight of the
initial polycarbonate composition may range from values as low as
500 to values as high as 200,000, as measured by gel permeation
chromatography relative to polystyrene. Preferably, the weight
15 average molecular weight of the initial polycarbonate composition
ranges from about 5,000 to about 100,000, more preferably, from
about 25,000 to about 65,000.

Copolymers, as well as homopolymers, can be

redistributed according to the method of this invention. Two or more

20  different dihydroxyaromatic compounds may be employed in the
preparation of the copolymer. Alternatively, a copolymer prepared
from a mixture of a dihydroxyaromatic compound with a glycol, such
as propylene glycol or with a hydroxy- or acid-terminated polyester
may be redistributed. Polyestercarbonates, prepared from the

25 reaction of a dihydroxyaromatic compound with the combination of a
carbonate source and a dibasic acid such as adipic acid, suberic
acid, azelaic acid, 1,12-dodecanedicarboxylic acid and terephthalic
acid, may also be redistributed. Further, blends of aromatic
polycarbonate homopolymer with any of the above-described

30 copolymers may be employed.

Branched polycarbonates may also be used as the
initial composition. Any of the commercially available branched
aromatic polycarbonates may be used, such as those disclosed in
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polycarbonate into a redistributed po%ycarbonate having a weight
average molecular weight which is lower than the starting weight.
When the starting composition is a blend of homopolymers or

15  copolymers of different molecular weights, it is possible for the
redistributed composition to have a molecular weight higher than at
least one starting component and lower than at least one other
starting component.

Preferably, the method of this invention does not include

20 incorporation into the starting materials of branching agents.
Examples of such branching agents are trimellitic anhydride acid
chloride, cyanuric chioride and phenolic compounds having two or
more hydroxy groups per molecule, for example 1,1,1-tris(4~
hydroxyphenyhethane. Branching agents of this type will be

25 recognized by those skilled in the art of polycarbonate synthesis and
are described in U.S. Patents 5,021,521 and 5,087,008. Such
branching agents are known to equilibrate with linear aromatic
polycarbonate compositions to form branched aromatic
polycarbonate compositions.

30 The amount of redistribution catalyst may be any amount
which is effective in promoting the redistribution process. Usually the
effective amount will depend upon such parameters as the reaction
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Optionally, a diaryl carbonate may be added to the

starting polycarbonate composition to be redistributed. The diary!

15  carbonate functions to control molecular weight and serves as an
efficient endcapping agent. Diaryl carbonates which are suitable
include dipheny! carbonate and substituted diphenyl carbonates
provided that the substituent is inert with respect to the redistribution
process. Typical inert substituents include alkyl, halo, cyano, alkoxy,

20 carboxy, aryl and nitro moieties. Preferably, the diaryl carbonate is
unsubstituted dipheny! carbonate.

The amount of diaryl carbonate may be any amount
which provides the desired molecular weight in the redistributed
polycarbonate composition. Usually, the amount of diaryl carbonate

25 is no greater than about 1.5% and preferably up to about 1.0% by
weight based upon the amount of starting polycarbonate.

The method of this invention can be effected by mixing
the starting organic polycarbonate, the carbonate redistribution
catalyst (usually in aqueous solution as previously mentioned), and

30 optionally, the diaryl carbonate, and melt equilibrating the resulting
mixture at a temperature in the range of about 180-350°C, preferably
about 250-300°C. Typical melt processing techniques include meit
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15  polymerization methods.

It is also possible to redistribute a mixture of high and
low molecular weight polycarbonates to obtain a polycarbonate of
intermediate molecular weight. The latter generally have narrower
molecular weight distributions, as represented by dispersivity

20 (Mw/Mn}, and lower melt viscosities than simple blends of the high
and low molecular weight resins. Mixtures of linear and branched
resins may also be redistributed. Finally recycled polycarbonates, as
illustrated by the linear optical disk grades and the branched blow
molding grades, may be redistributed individually or in admixture; the

25 products have the high ductility of the non—redistributed simple
blends as well as other desirable propetties.

Another advantage of the method of this invention is that
the redistributed polycarbonate compositions exhibit improved melt
stability when compared with the interfacially prepared starting

30 polycarbonates. Melt stability can be ascertained by measuring the
difference in the molecular weight of a polymer before and after
heating in a Tinius-Olsen Extrusion Plastometer. More stable
compositions will exhibit less change in molecular weight.
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20 ammonium hydroxides: diethyldimethylammonium (the present

invention), tetramethylammonium, tetrasthylammonium and

methyltriethylammonium. Each of the redistributed polycarbonates

obtained as products had a molecular weight of about 29,500. Other

details are given in the following table.

25
Hydroxide
Parts per million Residual Amine
ldentity Weight* Mole** amine, ppm. odor
Diethyldimethylammonium 120 240 <1.0 No
Methyltriethylammonium 120 210 7 No
Tetraethylammonium 150 240 14 No
Tetramethylammonium 115 300 0.2 Yes
30 *Based on polycarbonate.

**Based on carbonate structural units.

It is apparent from the table that the employment of
diethyldimethylammonium hydroxide affords an odorless product
having a very low residual amine level, while other ammonium
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Am ne ldentity Weight* Ml e** am ne, ppm odor
Di et hyl di net hyl ammoni um 120 240 <1.0 No

Met hyl tri et hyl anmoni um 120 210 7 No

Tet r aet hyl amoni um 150 240 14 ) No



Tet r amet hyl ammoni um 115 390 4 0.2 o Yes 30 I _ *Based
't s oot RM IR AN \IlLll Mo < <hat "the omproyment cof o UTE UIES:

di et hyl di mét h§7| atmohi dm Aydr oxi de affords an odorl ess product havi ng
a very low residual amne level, while oHBer anmoni um
-9 - hydr oxi des af ford product s with”ei ther substantially higher am ne

level s or a noticeable odor. The variation in amine |level is in no way
related to the variation aq@e@im?é guaternary ammoni um hydr oxi de
enpl oyed. This is apparen ecaus e variation of catalyst level 5 was

only about 25% and there was a 70-fold variation in residual anm ne
| evel followi ng extrusionl- A method for redistributing an organic polycarbonate -10-

What is clai medgamposition comprising melt eduilibrafiighad xrflﬁ*él iR r HrRbdHaD an
organi ¢ pol ycar bonat e equi,| # br at j p.%j an

initial |inear Bt;gqg}lcdﬂe‘ygacbo%?%pam%%ﬁ%pg%ﬁgpg RyoRi datial weig
characteri zed bgvemagembleaularevaifit in the presarge ofod eatdlivtic avmobght of n t he

presence of 5 Cafeﬁﬁﬁﬁn?etﬁm%oﬁhm hydroxide, under conditions such that a
redistributed polycarbonate composition is formed having a weight
average molecular weight which is different from the initial molecular
weight.

2. A method according to claim 1 wherein the initial
polycarbonate composition is a linear aromatic polycarbonate.

3. A method according to claim 2 wherein the aromatic
polycarbonate is a bisphenol A polycarbonate.

4. A method according to claim 2 wherein the
polycarbonate has a weight average molecular weight in the range of
about 500-200,000 as measured by gel permeation chromatography
relative to polystyrene.

5. A method according to claim 1 wherein the initial
polycarbonate composition is a branched polycarbonate.

6. A method according to claim 1 wherein the initial
polycarbonate composition is a polyestercarbonate.

7. A method according to claim 1 wherein the
diethyldimethylammonium hydroxide is present in the amount of
about 15-1000 moles per million moles of carbonate structural units in
the initial polycarbonate composition.

8. A method according to claim 1 wherein the melt
equilibration temperature is in the range of about 180-350°C.



5 di et hyi di met hyl ammoni um hydr oxi de, under conditions such that a
redi stributed pol ycarbonate conposition is forned having a wei ght
average nol ecul ar wei ght which is different fromthe initial nolecular

wei ght . 2. A method according to claim1 wherein the
initial pol ycar bonate conposition is{a.linear aromatic polycarbonate.

3. A nethod according to claim2 wherein the aromatic pol ycarbonate is
a bi sphenol A pol ycarbonate. POLYCARBONA A nmet hod according to
claim2 wherein the pol yc e&i wel ght average nol ecul ar

wei ght in the range of abﬁégﬂggl(ﬁ ,USU %llr@%ur ed by gel perneation

chr omat ogr aphy rel ati vBIETHYLDIMETHY LAMMONIUM 5. A nethod
according to claim1 wherein LRI onate conposition is
HYDROXIbE As GAPALYAY

a branched pol ycarbonate. od according to claim

1 wherein the initial pol ycar bon ositionis a
pol yest er car bonat e. %SS&%@QH hod according to claim1
wherein the di et hyi di met hyl anmoni um hydroxi de is present in the anount

"n the initial.polychaBeardiets cempEthe roBLRRTAIEd Ty ek T N ES
met hod accor di nSqF@b%%&%n\@nWi&?tBb’W'mﬁ viammonium hygrexidgas then t enperat ure
is in the rangerafistabatibn ¢8R0 [Thig t&lalyst affords an odorless

polycarbonate product having a very low residual amine level.



