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A process for the solid state polyaddition of a polyester resin in which the resin, blended in a molten state with a dianhy-
dride of an aromatic tetracarboxylic acid is granulated, crystallized and then upgraded, characterized in that the crystallization
and upgrading temperature is comprised in the range between the TG and 170 °C, preferably between 130° and 170 °C.




applications under the PCT.

AT
AU
BB
BE
BF
BG
BJ
BR
CA
CF
CG
CH
Cl
c™m
Ccs
DE
DK

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria
Australia
Barbudos
Belgium
Burkina Faso
Bulgaria
Beain

Bravil

Canada
Central African Republic
Congo
Switzerland
Cote d'tvoire
Cameroon
Crechoslovakia
Germany
Denmarh

KR
Ll
LK
Ly
MC

Spain

Finlaod

France

Gabon

United Kingdom
Guinea

Greeee

Hunpary

ltaly

Japan

Democratic Peaple’s Republic
of Korea
Republic of Korca
Licchienstein

Sri Lanka
Lusembourg
Monaco

Madagascar

Mali

Mongolia
Muauritania

Malawi
Netherlands
Norway

Polund

Romania

Russian Federation
Sudan

Sweden

Sunegal

Sovict Union

Chad

Togo

United States of America

=’



WO 92/17520 PCT/EP92/00667

Process for the production of high molecular weight

polvester resins

The present invention relates to a process for the produc-
tion of high molecular weight polyester resins from resins
having lower molecular weight wusing a new polyaddition

technique in the solid state.

Particularly, the invention relates to a process in which
the polvester resin is blended in the molten state with an
upgrading additive capable of performing the solid state
polyaddition of said polyester which is then transformed
into a granulate and then wupgraded using the new solid

state polyaddition technique.

In Applicant’s previous pending European patent applica-
tion EP No. 89119049.8 a solid state upgrading process for
-polyester resin is described in which the resin is upgrad-
ed at temperatures higher than 170°C and in general
comprised in the range of 170°-220°C, in the presence of a

dianhydride of an aromatic tetracarboxylic acid.

It has now been unexpectedly found that it is possible to
carry out the upgrading reaction also operating at temper-

atures lower than 170°C.

The process of the invention comprises the steps of mixing
a molten polyester resin with an upgrading additive
selected from the group of the dianhydrides of aromatic
tetracarboxylic acids, granulating the resin,
crystallizing the granulate at temperatures above the TG
and then upgrading the crystallized polyester at tempera-

tures comprised in the range from the TG of the polyester
and 170°C.
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This process is preferably carried out in continuous wav
using continuous crystallizers and reactors where the
chips are fed in counter current to a stream of a heated

gas, for example air, nitrogen or carbon dioxide.

Apparatuses suitable for the crystallization and
polyaddition steps can be those described in USP 4,161,578

and 4,064,112 whose description is herewith enclosed for

reference.

The recycling of the inert gas streams can be carried out
according to European application 86830340.5 the descrip-
tion of which is also herewith encompassed for reference.

It is kndwn that the solid state post-polycondensation
reactions of the polyester resin are usually conducted at
temperatures higher than 180°C, mainly higher than 195°C
. (see page 3295 of Journal of Applied Poly. Sc. 28,3289 -
3300, 1989).

It . is also known that the solid state polycondensation
reactions mainly consist of post transesterification and
esterification reactions which form as by-products

ethylene glycol and water.

The diffusion of these by-products out the granules is a
factor controlling the kinetic of the wupgrading thus
requiring high upgrading temperatures in order to obtain -

upgrading kinetics of practical interest.

In the solid state polyaddition process of this invention,
in which the chain extension mechanism is based essential-
ly on ring opening addition reactions which do not lead to
the formafion of by-products which could lower the kinetic

of the upgrading reaction, upgrading temperatures
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comprised in a rather low range e.g. from 100° to 170°C

can therefore be used.

The possibility of using upgrading temperatures relatively
low is an advantage because it makes it possible to
upgrade polyester resins like copolyethylenterephtalates
(COPETs) with low melting points e.qg. 1lower than 200°C,
without having sticking problems in the reactor walls
which problems cannot be avoided using the upgrading
processes of the prior art which needs higher upgrading

temperatures.

Generally the crystallization temperature 1is the same or
lower than the temperature used in the upgrading reactor.
The term wupgrading reaction or process means a thermal
treatment carried out on the solid polyester resin, which

leads to an increase of the molecular weight of the resin.

By polyaddition or addition reaction it is meant a reac-
tion between the terminal groups of the polyester resin
and a substance having groups capable of addition reaction
with the terminal groups, thus linearly extending the

length of the polyester chain.

The upgrading additive used in the process of the inven-

tion is a dianhydride of an aromatic tetracarboxylic acid.

For dianhydride of an aromatic tetracarboxylic acid it 1is
meant a compound containing at least two phthalic

anhydride groups.

Preferably, the aromatic dianhydride is selected from the
group consisting of pyromellitic dianhydride; 3,3', 4,4’
benzophenone tetracarboxylic acid dianhydride; 2,2-bis(3,4
dicarboxyphenyl) propane dianhydride; 3,3', 4,4’ -
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bipheniltetracarboxylic acid dianhydride, bis (3,4

dicarboxyphenyl) ether dianhydride; bis (3,4
dicarboxyphenyl) thiother dianhydride; 2,2 - bis (3,4
dicarboxyphenyl) hexafluoropropane dianhydride; 2, 3, 6, 7
- nephtalenetetracarboxylic acid dianhydride; bis
(3,4-dicarboxyphenyl) sulfone dianhydride; 1, 2, 5,6 -
nephtalenetracarboxylic acid dianhydride; 2,2', 3,3' -

byphenyltetracarboxylic acid dianhydride; bis (3, 4 -
dicarboxyphenvl) sulfoxide dianhydride; 3, 4, 9, 10 -~
perylene tetracarboxylic acid dianhydride and mixtures

thereof.

| Belong to the class of the aromatic dianhydrides also the
compounds containing two phthalic anhydridé groups, which
are the reaction products of 2 moles of an aromatic
anhydride such a pyromellitic dianhydride, with one mole

of a glycol or other active hydrogen containing compounds.

The most preferred dianhydrides are the pyrompellitic
dianhydride (PMDA) and the dianhydride of 3,3’, 4,4’
benzophenonetetracarboxylix acid, and mixtures thereof.

With the term polyester resin is intended the polyesters
comprising tﬁe polycondensation products of C2 ‘to Clo
glycols e.g. ethylene glycol, 1,4 butylene glycol, 1,4
cycloxylenglycol with terephthalic acid or reactive
derivatives thereof e.g. dimethyl terephtﬁalate, as well
'as polycondensation products containing besides units
derived from terephthalic acid also units deriving £from
other dicarboxylic acids such as naphtalene dicarboxylic
acid, isophthalic acid, orthophtalic acid and 5-tert-butyl
-~ 1,3 benzenedicarboxylic acid in amounts from about 0.5
to 25 mole per cent of the total acid units. Preferably
the starting polyester resin has intrinsic viscosity lower
than 0.8 dl/g. The process is particularly advantageous

-
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for alkyleme terephthalates and copolyalkylene
terephthalates utilized for 1injection molding, extrusion
blow molding and extrusion applications such as tubing,

film, sheets and foaming.

The blending of polyester resin with the dianhydride is
preferably carried out in an equipment capable to perform
reactive extrusion such as co-rotating or counter rotating
intermeshing or non-intermeshing twin screw extruders with
or without wventing at a temperature between 200° and
350°C, depending on the melting point of the polymer or
copolymer. A counter rotating non-intermeshing twin screw
extruder is preferred. The use of such kind of extruder
allows to perform a homogeneous distribution of the
dianhydride in the melt and to avoid problems of local
high concentrations of dianhydride due to its high reac-

tivity.

The process may be performed continuously, that is without
interruption between the production of the polyester in
the molten state and the blending step. In this case the
extruder is fed directly with the molten low molecular

weight polyester resin.

The extruder may also be fed with solid polyester granules

produced in another plant.

The extruder is preferably connected with a high wvacuum
0il seal pump to maintain a vacuum higher than 2 torr for
the devolatization of acetaldehyde. The preferred concen-
tration of dianhydride with respect to the polyester resin

is 0.05-1% by weight.

The residence time in the extruder may be comprise between
10 and 120 sec., preferably 15-30 sec. The temperature of
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the melt 1is related to the polyester or copolyester
melting point and the kind of dianhvdride used, and it 1is

preferably comprised between 200°C and 350°C.

To avoid 1local dishomogeneous concentration of the
dianhydride in the melt, it 1is advisable to dilute the
same with crystallized PET powder (1 part of dianhydride
to 5 parts of PET powder). This procedure will ensure a
homogeneous distribution of the additive in the melt
leading to a better reproducibility of the end product
intrinsic viscosity and inhibiting gel formation.

The dianhydride may also be diluted wusing blends of the
dianhydride and crystallized PET-chips (1 part additive to
10 parts PET <chips). The dilution could be performed in
fanned blender using about 0,1% weight of
polyethylenglvcol or polvcaprolactone, and similar
-products, as adhesives, and blending at a temperature of

about 150°C.

The reactive melt coming out of the twin screw extruder is
continuously pelletized using £for instance an underwater

pelletizer or a-strand pelletizer system.

The crystallization and the solid state polyaddition steps
are carried out under the temperature conditions already

indicated.

The residence time in the crystallizer is comprised in the
range of about 20-60 minutes; the residence time in the
polyaddition reactor depends on the desired intrimsic

viscosity values; generally it is comprised between 5 and

20 h.

The following examples are given to illustrate and not to
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limit the invention.

Example 1

30 Kg/h random COPET melt (15% isophthalic acid in weight,
melting point 212°C, IV = 0.75 dl/g) having a content of
110 ppm acetaldehyde were fed continuously from a PET/melt
polycondensation pilot plant to a counter rotating
non-intermeshing 30 mm twin screw extruder with venting

capability.

220 g/h of a mixture of 20% weight of pyromellitic acid
dianhydride (PMDA) in crystallized COPET powder (IV/0.75
dl/g; 15% weight 1isophthalic acid) were fed 1into the
extruder using a gravimetric feeder. The test conditions

were as follows:

c = pyromellitic acid dianhydride in the COPET melt =
0.15% by weight

- screw speed: 415 RPM

- Ratio length-diameter (L/D): 24

- Average residence time: 18-25 sec.
- Barrel temperature: 235°¢C

- Product melt temperature: 290°C

- Vacuum: 1-5 torr

A die with double holes was used as extruder die (Diame-

ter: 7 mm).

A strand pelletizer was used to obtain the COPET-chips,
which had a cylindrical shape with a diameter of 3 mm and
a length of 5 mm, and with an intrinsic viscosity IV =

0.85 ¢+ 0.01 dl/g. and a melting point of 212°C.

The COPET chips had an acetaldehyde content of 5-8 ppm.
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The IV of the product remained constant over a test period

of 2 weeks.

The COPET-chips were then fed continuously into a solid
state polyaddition plant operating using the apparatus and
the recycling conditions of the inert gas streams as
described in European application EP 86830340.5.

The crystallization temperature was 150°C and the resi-
dence time was 40 min. The temperature in the solid state

polyaddition reactor was 150°C and the residence time was

12 h.
The IV of the upgraded products was 0.94 ¢ 0.02 dl/q.

The product was free from gel, with acetaldehyde content

of 0.60 ppm.

In comparison, there was no upgrading of the starting
COPET not added with PMDA (starting IV = 0.75 dl/g), using
the same conditions for «crystallization and upgrading as

above indicated.

Example 2

The same COPET was used as in Example 1, but in the form
of crystallized granules having IV = 0.75 dl/g instead of

COPET melt.

The crystallized COPET granules were dried and fed into

the twin screw.

After extrusion the IV of the product was 0.845 ¢ 0.02
dl/g.
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The same conditions were wused as in Example 1; only the

averade residence time was about 25 sec.

The temperature in the crystallizer was 130-140°C and
140°C in the polyaddition reactor. The residence time in
the reactor was 19 hours. The chips intrinsic viscosity
after upgrading was 0.92 * 0.015 dl/g. The acetaldehyde
content was 0.67 ppm.

Example 3

The same COPET was used as in example 1 under the same
test conditions as in example 1, but using a counter
rotating non-intermeshing 30 mm twin screw extruder

without venting capability.

The IV of the product was 0.83 t 0.015 dl/gqg.

The solid state conditions were 150°C-155°C 1in the
crystallizer and 150°C 1in the polyaddition reactor. The
residence time in the reactor was 16 hours. The intrinsic
viscosity of the upgraded chips was 0.93 ¢ 0.02 dl/g; the
acetaldehyde content 0.8 ppm.

Analytical procedures

The intrinsic viscosity was determined on a solution of
0.5 g. of polyester pellets in 100 ml. of a 60/40 by
weight mixture of phenol and tetrachloroethane at 25°C
according to ASTM D 4603-86.

The acetaldehyde content was determined with a gas
chromatography method, according to ASTM D 4526-85, wusing
a Perkin Elmer gas chromatograph (Perkin Elmer model HS

101). The extraction conditions were 150°C for 90 mins.
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CLAIMS

1. Process for the continuous production of high molecu-
lar weight polyester resin from polyester resin having a
lower molecular weight, comprising the steps of blending
the resin in a molten state with an upgrading additive
selected from the group of the dianhydrides of the aromat-
ic tetracarboxylic acids, granulating the resin, subject-
ing the granules first to cystallization and then to solid
state upgrading, characterized in that the crystallization
and the upgrading sfeps are carried out at a temperature
comprised between the TG of the resin and 170°C.

2. Process according to claim 1, characterized in that
the dianhydride is selected from the group consisting of
pyromellitic dianhydride; 2,2 -~ bis (3,4-dicarboxyphenyl)

propane dianhydride; 3,3', 4,4’ - bipheniltetracarboxylic
.acid dianhydride, bis (3,4-dicarboxyphenyl) ether
dianhydride; bis (3,4-dicarboxyphenyl) thioether
dianhydride; 3,3', 4,4' benzophenonetetracarboxylic acid
dianhydride; 2,2 - bis (3,4-dicarboxyphenyl)
hexafluoropropane dianhydride; 2, 3, 6, 7 -

naphtalenetetracarboxylic acid dianhydride; 1, 2, 5,6 -
naphtalenetetracarboxylic acid dianhydride; 2,2', 3,3" -
biphenyltetracarboxylic acid dianhydride; bis (3, 4 -
dicarboxyphenyl) sulfoxide dianhydride; 3, 4, 9, 10 -
perylene tetracarboxylic acid dianhydride.

3. Process according to claim 2, characterized in that
the dianhydride is pyromellitic dianhydride and 3,3', 4,4’
benzophenonetetracarboxylic acid dianhydride.

4. Process according to any of the preceding claims
characterized in that the dianhydride is wused in - amount
form about 0,1 to 1% by weight in respect to the polyester

Pe)
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resin.

5. Process according to any of the preceding claims
characterized in that the polyester resin is a
copolyethylenterephthlate containing up to 25% of units
deriving from isophthalic acid and having a melting point
lower than 220°C.

6. Process according to any of the preceding claims
characterized in that the upgrading step is carried out at

temperatures between 130°C and 170°C.

7. Process according to any of the preceding claims
characterized in that the blending of the molten polyester
with the aromatic tetracarboxylic acid dianhydride 1is
performed in a twin screw extruder at temperatures between
200° and 350°C and with average residence time less than

.120 seconds.

8. Process according to any of the preceding claims
characterized in that the blending is performed in a
counter-rotating non intermeshing twin screw extruder.
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