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ABSTRACT

Concentrates of dianhydrides of tetracarboxylic acids in
polycarbonate resins containing up to about 50% by weight
of dianhydride. The concentrates can be added to aromatic

polyester resins in the melt in quantities equivalent to
contents of dianhydride from 0.05 to 2% by weight of the

resin.



- The present invention refers to compositions of aromatic po-

lyester resins having improved rheocological characteristics
and the concentrates containing polvfunctional compounds
utilized in the preparation of the compositions.

It 1s known that the rheological properties of the aromatic
polyester resins can be improved by adding to the melt, po-

lyfunctional compounds particularly chosen between the dian-
hydrides of tetracarboxylic acids.

Pyromellitic dianhydride (PMDA) is a representative com-
pound.

The direct addition of the polvfunctional compounds to the

melt of the polyester resins during the extrusion phase of
the same, presents various inconvenients such as the for-

mation of gelsgs and the dishomogeneity of the extruded ma -
terial due to the instability of the process manifested with

variations also remarkable of the intrinsic viscosity and
the melt viscosity.

It 1s known that the addition of the polytfunctional compound
in the form of a concentrate (masterbatch) to the polyester
resin in concentrations superior to 2% by weight preferably
comprised from 8 and 12% by weight (US-A-5 288 764) or in
a polyolefinic polymer in concentrations up to about 50% by
welght (WO-A-95/09884), tends to reduce the inconvenients

mentioned above and can also improve the rheological pro-
perties of the melt.

The use of the polyvester resins for the preparation of the

concentrates does not eliminate, however, the reactions that



bring about the formation of gels; instead, the use of the
polyolefins involves the possibility of degradation of the
same at the working temperatures of the polyester resins and

therefore the necessity to introduce stablilizers and similar
additives.

It has now been found that the addition LO the aromatic po-
lyester resins of polyfunctional compounds chosen from the
dianhydrides of Letracarboxylic acids, preferably of aro-

matic tetracarboxylic acids, in the form Of concentrates in
pPolycarbonate resins not only avoids the formation of gels

and the instability of the extrusion process, but also re-
markably improves the rheological characteristics of the
resin, in particular remarkably improves the melt strength,

the hanging time, the die swell and the intrinsic VisCcosity
of the same.

The improvement of the rheological properties is particu-

larly high in the case of copolyethylene terephthalate con-
taining minor proportions (from about 1 Lo 25% by moles) of

recurring units deriving from isophthalic acid or other aro-
matic bicarboxyvlic acids.

Thanks to the increase of the above mentioned characteri-
stics, the thus obtained resins find advantageous appli-
cations particularly in the area of exXxpanded materials, be-

sides the preparation of films or containers by extrusion
blow molding.

It has been found that the addition of the polycarbonate to
the resin pretreated with the dianhydride or of the polycar-
bonate and the dianhydride separately to the melted resin
in the extrusion phase, does not bring a significant impro-
vement of the rheological properties in the case of poly-
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ethylene terephthalate or polybutylene terephthalate and

similar homopolymers while the improvements are comparable
with those obtainable with the concentrates when the resin

is a copolyethylene terephthalate containing preferably

1-20% by moles of recurring units deriving from isophthalic
acid.

The quantity of dianhydride added to the polycarbonate is
superior to 1% by weight, preferably comprised between 5 and
20% by weight. Higher gquantities up to about 50% by weight

are possible, but do not bring about any particular advan-
tage.

The preferred dianhydride is pyromellitic dianhydride
(PMDA) . Examples of other dianhydrides usable are the
dianhydrides of acids 3,3', 4,4° diphenyl tetracarboxylic,
5,3" 4,4' benzophenone dicarboxylic, 2,2 bis (3,4 - dicar-
boxylphenyl) ether, bis (3,4 - dicarboxylphenyl) thioether,
tetrahydrofuran tetracarboxylic, 2,3,6,7 - naphthalene te-
cracarboxylic, bis (3,4 - dicarboxylphenyl) sulfone, cyclo-
pentane tetracarboxylic, cyclobutane tetracarboxylic.

The concentrate is then added to the resin in quantities
such to have a content of dianhydride comprised from about
0.04 to 2% by weight, preferably 0.05 - 0.5% by welght.

The preparation of the dianhydride/polvcarbonate concentrate
is preferably carried out by mixing the components in the

melt state, operating in an extruder preferably of the type

counter rotating and intermeshing twin screw extruder, with
residence time of about 1-2 minutes.

The granules obtained are then mixed in the melt state with

the polyester resin and the composition obtained is then
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molded or extruded to obtain articles such as films, fibres,
beverage containers, foamed panels.

The resin added with the concentrate of polyfunctional sub-
stance can be extruded and granulated and the granules mixed

with polyester resin granules or added to the resin in the
extrusion phase.

A convenlent application of the resin added with concen-
trates of the invention 1s the preparation of foamed ar-
ticles. The high characteristics of the melt strength, hang-
ing time and of die swell obtainable with the compositions
of the invention allow in fact to directly obtain by extru-

sion/foaming, foamed material endowed of valuable expansion
properties.

The technique used for the expansion is the conventional one
described in literature; foaming agents used are physical

agents, such as 1nert gases for example nitrogen, carbon
dioxide or aliphatic hydrocarbons such as pentane, isopenta-

ne or also chemical foaming agents.

Inert gases are preferred.

The aromatic polyester resins used for the preparation of
the compositions of the invention are the product of the
polycondensation of aromatic dicarboxylic acids and their

derivatives such as methyl ester with diols with 2-10 carbon
atoms.

Terephthalic acid, naphthalene dicarboxylic acids and their
dimethyl ester are preferred compounds. The diols are pre-
ferably chosen between ethylene glycol, 1,4 butanediol, 1,4
cyclohexosidimethylol. The polyesters may be homopolymers
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Or copolymers containing up to about 50% by moles of other
dicarboxylic acids or diols.

Polyethylene terephthalate and the relative copolymers con-
taining up to about 25% by weight of the units deriving from
isophthalic acid or from naphthalene dicarboxvlic acids such
as the isomers 2,6 2,7 1,5 and 1,6 are preferred. Aromatic
polyvesters with elastometric properties are also used.

The polyester resins are prepared according to conventional
procedures, by means of polycondensation in the melt state

and possibly a successive polycondensation in the solid

state to increase the intrinsic viscosity of the resin.

The intrinsic viscosity of the resin used in the preparation
of compositions of the invention are in general superior to
0.4 dl/g and comprised between 0.6 and 0.8 dl/g. The in-

trisic viscosity 1is increased to values of 0.7-0.8 dl/g or

higher carrying out the extrusion in the presence of the
concentrate of the invention. Further increases can be ob-
tained by polycondensation in the solid state of the rTesin

added with the concentrate operating according to conven-

tional methods.

The polycarbonates used are well known in the literature.
They are prepared by reaction of phenols such as bisphenol
A (2,2 - bis (4 - hydrophenyl propane), bis (4 - hydrophe-
nyl) methane, 4,4' bis (4 - hydroxyphenyl) heptane), with
carbonate precursors such as carbonyl chloride, diphenyl
carbonate, di (alkyphenyl) carbonates and similar (US-A-

4 598 129).

The polycarbonates can be in form of homopolvmers or COPO -
lymers and have an intrinsic viscosity in methyvlene chloride
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at 25°C comprised in general between 0.4 and 1.2 dl1/g. The
pondered average molecular weight is in general comprised

between 20,000 and 40,000 g/mole. Polycarbonate copolymers
such as those described in US-A-4 598 129 and US-A-3 169 121
can also be used.

The following examples are provided to illustrate but not
to limit the invention.

The intrinsic viscosity of the polyester resin reported in
the text and in the examples was determined dissolving 0.5

g of polymer in 100 ml of a 60/40 weight mixture of phenol

and tetrachloroethane, operating at 25°C according to ASTMD-
4603-86.

Example 1

5 kg/h polycarbonate granules (Dow™ Calibre 0201-10) were
continuously fed (after drving under vacuum at 130°C for at
least 12h) together with 5% by weight of pyromellitic dian-
hydride (PMDA) in a counter rotating and intermeshing twin
screw extruder and extruded and pelletized.

The conditions adopted were:

Speed of the screw: 100 rpm

Cylinder temperature: 280 - 285°C

Feeding of the granules: 5 kg/h

Type of mold: round with 2 mm diameter
PMDA feeding: 0.25 kg/h

Residence time in the extruder: 1 minute
Melt strength after extrusion: 1inferior to 1 cN at 290°C

and hanging time of 3 se-
conds.



CA 02201411 2002-08-15

7

The measure of the melt strength was carried out with a
Gottfert Rheotens™ equipment operating at 290°C (piston speed
0.2 mm/sec.; mold dimensions: 2 mm).

The hanging time was determined measuring the time (in
seconds) necessary to cover a distance of 10 cm for the
polymer melted at 290°C exiting from the capillary of the
Gottfert Rheotens equipment used to measure the melt
strength.

A determination of the terminal COOH groups indicates that
at least 80% of the PMDA added 1s present in the free state.
The concentrate was dissolved in dichloromethane: 140 mg in
25 ml CH,Cl,; the solution obtained was extracted with 50 ml
of water under agitation for 5 min. The aqueous layer was
then analyzed to determine the PMDA content; it was found
that 84.6% was 1n the free state.

Comparison Example 1

5 kg/h of a mixture of PET from dimethyl terephthalate
mixture (IV = 0,6 dl/g) and 0,4% by weight of PMDA was con-
tinuously fed, after drying at 130°C under vacuum for at
least 12 h, in a counter rotating and intermeshing twin
screw extruder: it was then extruded and pelletized.

The working conditions were the same as 1n Example 1.

The IV after extrusion was 0.62 dl/g, the melt strength 3
cN and the hanging time 16 seconds.

Exéhple 2

5 kg/h of a mixture of PET from dimethyl terephthalate (IV
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= 0.6 d1/g) and 8% by weight of the concentrate obtained in
Example 1, was fed, after drying under vacuum at 130°C for

at least 12h, in a counter rotating and intermeshing twin
screw extruder, as in Example 1.

The composition in weight of the composition was: PET 92%,
PC 7.6%, PMDA 0.4%.

The working conditions were the same as in Example 1.

The IV of the resin after extrusion was 0.763 dl/g; the melt
strength 6 cN and the hanging time 28 seconds.

Example 3

5 kg/h of a mixture of COPET (polyethylene terephthalate co-

polymer containing 2% by moles of isophthalic acid units;
IV = 0.79 dl/g) was fed continuously, after drving at 130°¢C
for at least 12h, together with 8% by weight of the concen-

trate of Example 1 using the extruder and the conditions of
Example 1.

The IV of the extrudate was 0.964 dl/g, the melt strength
65 CcN and the hanging time 125 seconds.

Comparison Example 2

0.5 kg/h of a mixture of PET from dimethyl terephthalate (IV
= 0.6 dl/g) and of 7.6% by welght of PC of Example 1 were
continuously fed, after drying at 130°C for at least 12h,

into the extruder and under the conditions of Example 1 and
then extruded and pelletized.

The IV of the extrudate was 0.629 dl/g, the melt strength



Comparison Example 3

5 kg/h of a mixture of COPET of Example 3 and of 7.6% of pC

of Example 1 were continuously fed, after drying at 130°cC

for at least 12h, into the eXtruder and under the conditions
of Example 1.

The IV of the extrudate was 0.87 dl/g, the melt Strength 2.5
CN and the hanging time 9 seconds.

Example 4

1 kg of polymer obtained according to Comparison Example 1

and 1 kg of polymer of Example 2 were subjected to poly -
addition in the solid state at 200°C for 4h. The treatment

was carried out in an agitated reactor of a capacity of 3.5 1
in a nitrogen stream.

The IV of the polymer was 0.862 dl/g in comparison with

0.826 dl/g of the polvmer of Comparison Example 1 subjected
LO polyaddition under the same conditions as in Example 4.

Example 5

5 kg/h of a mixture of COPET (from TPA (IV = 0.79 dl/g) con-

taining 2% of isophthalic acid) with 8% by weight of a
PC/PMDA concentrate obtained according to Example 1 and 1%

by weight of talc was fed in a counter rotating and inter-

meshing twin screw extruder. The mixture was dried at 130°¢C
for at least 8h before extrusion.

A foamlng agent (1sobutane) was also fed in quantity equi-
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valent to 1% of the weight of the mixture. The extrusion

conditions are the same as in Example 1 except for the ex-
trusion zone that was maintained at 240°C.

The expanded strand showed good stabllity and regular dis-
tribution of the cells.
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CLAIMS
1. Concentrates useful as additives for aromatic polyester
resins comprising:
D) 60-99% by weight of a polycarbonate resin;
B) 1-40% by weight of a dianhydride of a tetracarboxylic
acid.
2. Concentrates according to Claim 1 containing from 80 to

99% by weight of polycarbonate and 1-20% by weight of a

dianhydride of a tetracarboxylic acid.

3. Concentrates according to Claim 1 or 2 wherein the

dianhydride is pyromellitic dianhydride.

4. Concentrates according to Claims 1 to 3 wherein the
polycarbonate is a resin obtained from a bisphenol and a

precursor selected from diphenyl carbonate and phosgene.

5. A process for the preparation of the concentrates
according to Claims 1 through 4 comprising mixing the

polycarbonate and the dianhydride in the melt in an extruder.

6. Aromatic polyester resins having high rheological
characteristics of melt strength and of melt viscosity
obtained by extrusion of an aromatic polyester resin to which
a concentrate according to claim 1 has been added 1n an
amount which results in a dianhydride content of 0.05 to 2%

by weight based on the aromatic polyester resin.
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7. Polyester resins according to Claim 6, wherein the
resin is selected from the group consisting of polyethylene
terephthalate, polyethylene terephthalate copolymers in
which up to 25% by weight of terephthalic acid recurring
units are substituted with isophthalic acid or naphthalene

dicarboxylic acids units and wherein the dianhydride used is

pyromellitic dianhydride.

8 . Resins according to Claim 6 or 7 obtained by extrusion
of the resin mixed with the concentrate of the polycarbonate
resin and the dianhydride of the tetracarboxylic acid and

successively by polycondensation in the solid state of the

granules.

9. Resins according to Claim 8, whereln the polyester resin

is selected from the group consisting of polyethylene
terephthalate containing up to 25% by weight of the units

deriving from isophthalic acid and naphthalene dicarboxylic

acid.

10. Foamed material obtained from the resin of the Claims

from 6 to 9.
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