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FILMS PREPARED FROM PLASTICIZED POLYESTERS

TECHNICAL FIELD OF THE INVENTION
This invention relates to the preparation of flexible films or sheets

from plasticized polyester compositions. More particularly, this invention
relates to the preparation of such films or sheets that undergo induced
crystallization, such as via calendering.

BACKGROUND OF THE INVENTION
Certain polymeric materials such as poly(vinyl chloride) (PVC) and

cellulose esters such as cellulose acetate, cellulose acetate propionate and
cellulose acetate butyrate must be plasticized to be processed into molded
or extruded objects. Most other thermoplastic resins such as polyesters,
polyamides and polyolefins do not typically contain a plasticizer when
processed in the molten state to form rigid molded or extruded objects.
However, the use of plasticizers in polyester compositions has been
disclosed for various applications.

U.S. Patent No. 4,450,250 to McConnell et al. describes adhesive
compositions based on amorphous or crystallizable polyesters having a
melting point in the range of 80 to 230°C containing 1 to 35 weight percent
of selected plasticizers.

U.S. Patent No. 4,340,526 to Petke et al. describes hot melt
adhesive compositions based on certain terephthalate and 1,4-
cyclohexanedicarboxylate polyesters containing 10 fo 35 weight percent of
benzoate or phthalate plasticizers. The plasticizers are present to lower the

JP 2004-524426 A 2004.8.12
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melt viscosity of the polyesters in order to facilitate their use as hot melt
adhesives.

Japan Patent No. 02 986197 to Kiyomi et al. describes extruded flat
or tubular film based on polyesters plasticized with 1 to 40 parts of several
types of plasticizer per 100 parts of polyester, i.e. up to 28 weight percent
plasticizer in overall composition. Many of the plasticizers cited are of an
aliphatic nature. The films are used as shrink films.

U.S. Patent No. 5,624,987 to Brink et al. describes polyester
compositions comprising a blend of poly(1,4-cyclohexylenedimethylene
terephthalate) (PCT) copolyesters containing at least 80 mole percent of
1,4-cyclohexanedimethanol (CHDM) and 0.5 to 25 weight percent of one or
more polyalkylene ethers. These ethers decrease the glass transition
temperature (Tg) of the polyester, increase the rate of crystallization and
allow the use of low molding temperatures.

U.S. Patent No. 5,824,398 to Shih describes heat shrinkable film or
sheet comprising 90 to 99 weight percent of a polyester having a Tg in the
range of 40 to 150°C and comprising at least 80 mole percent of aromatic
dicarboxylic acids having 8 to 14 carbon atoms and at least 10 mole
percent CHDM and 1 to 10 weight percent of a monoglyceride having 5 to
35 carbon atoms. The monoglyceride lowers the Tg of the blend.

U.8. Patent No. 4,391,938 to Memon desctibes polyethylene
terephthalate (PET) compositions containing 1 to 10 weight percent of an
additive 1o improve the crystallization rate of the polyester and to improve
the surface appearance of molded parts. Additives include certain
plasticizers, fast crystallizing polyesters such as poly(butylene
terephthalate) (PBT), glass fibers and tale, which would act as a nucleation
agent in PET.

Anonymous Research Disclosure 23314, September 1983,
describes polyester compositions having improved gas barrier properties for

use in making film or sheet. The potyesters contain 80 to 99 weight percent

JP 2004-524426 A 2004.8.12
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of @ homo or copolyester containing an aromatic dicarboxylic acid such as
terephthalic acid and one or more glycols containing 2 to 12 carbon atoms
and 1 to 20 weight percent of benzoic acid esters or phthalic acid esters.

Great Britain Patent No. 815,991 to Goodale et al. describes a
process for making dibenzoate esters from glycols and butyl benzoate
using a calcium oxide ester exchange catalyst. These esters are reported
to be plasticizers for PVC resins.

U.S. Patent No. 3,186,961 to Sears describes polycarbonate resins
plasticized with a wide range of plasticizers. The molten blends must be
quenched to achieve the desired properties. The presence of the
plasticizer increases the rate of crystallization of the polycarbonate.

U.S. Patent No. 2,044,612 to Jaeger describes plasticizers for
several polymeric materials such as cellulose esters, phenolfformaldehyde
resins, urea resins and the like.

Great Britain 1,323,478 (1973) assigned to Stamicarbon N.V.
describes the preparation of dibenzoate plasticizers for use in PVC and
poly(viny! acetate) compositions

In the manufacture of film and sheet, processes such as calendering
and extrusion are used to produce film and sheet from a wide variety of
plastics. Calendering in particular is used to produce film and sheet from
plastics such as plasticized and rigid PVC compositions. On a smaller
scale, other thermoplastic polymers such as thermoplastic rubbers, certain
polyurethanes, taic-filled polyprbpylene, acrylonitrile/butadiene/styrene
terpolymers (ABS resins) and chlorinated polyethylene are sometimes
processed by calendering methods. U.S. Patent No. 6,068,910 to Flynn et
al. discloses the feasibility of calendering certain polyesters having a
crystallization half time from the molten state of at least 5 minutes to
provide film and sheet. Although this patent recognized the need for
processing aids to prevent molten polymer from sticking to the cé|ender

rolls, large concentrations of plasticizers were ‘not used.

JP 2004-524426 A 2004.8.12
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BRIEF SUMMARY OF THE INVENTION
A process for preparing a film or sheet having a glass transition

temperature below about 23°C and a melting temperature greater than
about 120°C comprises the steps of:

(a)  preparing a polyester composition comprising

()  about 50 to about 95 weight percent of a base

copolyester having a melting temperature of less than about 220°C

and exhibiting more than 1 percent crystallinity after annealing for

2000 minutes at a temperature of which the base copolyester has a

maximum crystallization rate, and

(ii) about 5 to about 50 weight percent of a plasticizer

suitable for use with the base copolyester;

(b)  forming the polyester composition into a film or sheet; and

(c)  inducing crystallization during step (b) or after step (b).

in another embodiment, a film or sheet has a glass transition
temperature below about 23°C and a melting temperature greater than -
about 120°C and comprises a polyester composition comprising

(a) about 50 to about 95 weight percent of a base copolyester
having a melting temperature of less than about 220°C and exhibiting more
than 1 percent crystallinity after annealing for 2000 minutes at a
temperature of which the base copolyester has a maximum crystallization
rate and

(b)  about5 to about 50 weight percent of a plasticizer suitable for

use with the base copolyester.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a dynamic mechanical analysis, DMTA, curve of

Examples 1 to 4.
Figure 2 is a DMTA curve of Examples 5 to 8.
Figure 3 is a DMTA curve of Examples 9 to 12.

JP 2004-524426 A 2004.8.12
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DETAILED DESCRIPTION OF THE INVENTION
This invention relates to a process for preparing a film or sheet from
a plasticized polyester composition. Unexpectedly the film or sheet formed
is soft and flexible having a glass transition temperature (Tg) below about

23°C, preferab[y below about 0°C, and a crystalline melting point (Tm)

above about 120°C, preferably above about 140°C. To obtain such a film
or sheet the plasticized polyester composition undergoes induced
crystallization either during or after the formation of the film or sheet. More
specifically, the process for preparing the film or sheet of the present
invention comprises the steps of:

(a)  preparing the polyester composition that comprises a base

copolyester and a plasticizer;

(b)  forming the polyester composition into a film or sheet; and

(c)  inducing crystallization during step (b) or after step (b).

The polyester composition comprises about 50 to about 95 weight
percent, preferably about 50 fo about 80 weight percent and more
preferably about 60 to about 75 weight percent, of the base copolyester and
about 5 to about 50 weight percent, preferably about 20 to about 50 weight
percent and more preferably about 25 to about 40 weight percent, of the
plasticizer or combination of plasticizers suitable for use with the base
copolyester. The base copolyester has a melting temperature of less than
about 220°C and exhibits more than about 1 percent crystallinity after
annealing for 2000 minutes at a temperature of which the base copolyester
has a maximum crystallization rate.

The base copolyester of the polyester composition preferably
comprises (i) a diacid component comprising residues of at least about 80
mole percent of a primary diacid selected from terephthalic acid,
naphthalenedicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, isophthalic
acid or mixtures thereof and (ii) a diol component comprising residues of at
least about 80 mole percent of at least one primary diol containing 2 to

JP 2004-524426 A 2004.8.12
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about 10 carbon atoms. The diacid component is based on 100 mole
percent and the diol component is based on 100 mole percent.

Any of the various isomers of naphthalenedicarboxylic acid or
mixtures of isomers may be used but the 1,4~, 1,5-, 2,8- and 2,7- isomers
are preferred. Also, cis, trans or cisftrans isomer mixtures of 1,4~
cyclohexanedicarboxylic acid may be used. The diacid component may be
modified with up to about 20 mole percent of a modifying diacid containing
from about 4 to about 40 carbon atoms, such as succinic acid, glutaric acid,
adipic acid, suberic acid, sebacic acid, azelaic acid, dimer acid,
sulfoisophthalic acid or mixtures thereof.

For the diol component of the base copolyester, the preferred
primary diol includes ethylene glycol, diethylene glycol, neopenty! glycol,
1,4-cyclohexanedimethanol or mixtures thereof. More preferably, the
primary diol comprises residues of from about 10 to 100 mole percent 1,4-
cyclohexanedimethanol (CHDM) and from about 90 to 0 mole percent
ethylene giycol. Even, more preferably, the primary diol comprises residues
of from about 10 to about 40 mole percent CHDM and from about 90 to
about 60 mole percent ethylene glycol. The diol residue component may
also be modified with up to about 20 mole percent of other dicls. Suitable
modifying diols include 1,3-propanediol, propylene glycol, 1,4-butanediol,

1,5-pentanediol, 1,6-hexanediol, 1,8-octanediol, 2.2, 4-trimethyl-1,3-
pentanedial, 2,2,44-tetramethyl-1,3-cyclobutanediol, 1,3-CHDM or mixtures
thereof. Also small amounts of polyalkylene giycols such as polyethylene
glycol, polypropylene glycol, and polytetramethylene glycol may be used if
desired. The CHDM moiety may be as the cis, trans or cis/trans mixture of
isomers. .

Sometimes the melt viscosity and meit strength of the base
copolyester are insufficient for suitable processing on calendering
equipment. In these cases, the use of a melt strength enhancer is desirable
such as by the addition of small amounts (about 0.1 to about 2.0 mole

JP 2004-524426 A 2004.8.12
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percent) of a branching agent to the copolyester either during their initial
preparation or during subsequent blending or feeding procedures prior to
reaching the calendering equipment. Suitable branching agents include
multifunctional acids or alcohols such as trimellitic acid, trimellitic anhydride,
pyromellitic dianhydride, trimethylolpropane, glycerol, pentaerythritol, citric
acid, tartaric acid, and 3-hydroxyglutaric acid. These branching agents may
be added directly to the copolyester or blended with the copolyester in the
form of a concentrate as described in U.S. Pat. Nos. 5,654,347 and
5,696,176. ltis also possible to use agents such as sulfoisophthalic acid to
increase the melt strength of the polyester to a desirable level as disclosed
in U.S. Pat. No. 5,399,595.

The copolyesters used in the present invention are readily prepared
by melt phase techniques well known in the art. In addition, some of the
copolyesters may be made by a combination of melt phase and solid phase
polycondensation procedures also well known in the art. The inherent
viscosity, IV, of useful polyesters will generally range from about 0.4 to -
about 1.5 dL/g and preferably about 0.6 to about 1.2 dL/g. 1V
measurements are generally made at 25°C using 0.50 gram of polymer in
100 mL of a solvent composed of 60 weight percent phenol and 40 weight
percent 1,1,2,2-tetrachloroethane.

The plasticizer for use in the present invention should be suitable for
use with the copolyester. The:presence of the plasticizer is quite beneficial
to lower the processing temperature of the polyester, to prevent sticking to
the rolls, to eliminate predrying of the polyester and to create elastomeric
materials having good mechanical properties. The preferred range of
plasticizer content will depend on the properties of the base polyester and
the plasticizer. In particular, the lower the Tg of the base copolyester
and/or the plasticizer as predicted by the well-known Fox equation (T.G.
Fox, Bull. Am. Phys. Soc., 1, 123 (1956)), the lesser the amount of

plasticizer needed to obtain the polyester composition that produces a film
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or sheet having a Tg below 23°C. For the polyester compositions described
in Examples 1-13, the preferred range of plasticizer content is from about
20 to about 50 weight percent and more preferably from about 25 to about
40 weight percent.

Preferred plasticizers dissolve a film of the polyester to produce a
clear solution at temperatures below about 160°C. This property of the
plasticizer is referred to as its solubility. The procedure for determining
whether a plasticizer has the appropriate solubility is as follows. Materials
required for the test include a standard reference film of 5 mils (.127 mm) in
thickness, a small vial, a heating block or oven and a plasticizer. The
following steps are performed:

1. In the vial, place a piece of the film of a width of the vial and 1/2
inches long.

2. Add the plasticizer to the vial until the film is covered completely.

3. Place the vial with the film and plasticizer on a shelf to observe after

one hour and again at 4 hours. Note the appearance of the film and
liquid.

4. After the ambient observation, place the vial in a heating block and
allow the temperature to remain constant at 75°C for one hour and
observe the appearance of the film and liquid.

5. Repeat step 4 for each of the following temperatures (°C): 75, 100,
140, 150, and 160. :

The results of several plasticizers tested for their solubility are set forth in

Table 1 below. A value of 4 or greater over the temperature indicates that

this plasticizer is candidate for use in the present invention.
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Table 1
ITEMPERATURE (°C) 23 75 [ 100 | 140 | 150 | 160
Adipic Acid Derivatives
Dicapryl adipate 1 1 1 1 2 2
Di-(2-ethylhexyl adipate) 1 1 1 1 2 2
Di(n-heptyl, n-nonyl)
adipate 1 1 1 1 2 2
Diisobuty! adipate 1 3 3 3 3 4
Diisodecyl adipate 1 1 1 1 1 1
Dinonyl adipate 1 1 1 1 1 2
Di-(tridecyl) adipate 1 1 1 1 1 1
Azelaic Acid Derivatives
Di-(2-ethylhexyl azelate) 1 1 1 1 2 2
Diisodecyl azelate 1 1 1 1 1 1
Diisoctyl azealate 1 1 1 1 2 2
Dimethyl azelate 3 4 4 4 4 6
Di-n-hexyl azelate 1 1 2 2 3 3
Benzoic Acid Derivatives
Diethylene glycol
dibenzoate 4 4 4 6 6 6
Dipropylene glycol
dibenzoate 3 3 4 4 4 6
Propylene glycol
dibenzoate 1 3 4 6 6 6
Polyethylene glycol 200
dibenzoate 4 4 4 4 6 6
Neopentyl glycol
dibenzoate 0 3 3 3 4 6
Citric Acid Derivatives
Acetyl tri-n-butyl citrate 1 1 1 2 3 3
Acetyl triethyl citrate 1 2 2 2 3 3
Tri-n-Butyl citrate 1 2 3 3 3 3
Triethyl citrate 3 3 3 3 3 3
Dimer Acid Derivatives
Bis~(2-hydroxyethyl
dimerate) 1 1 1 1 2 3
Epoxy Derivatives
Epoxidized finseed oil 1 2 2 2 3 3
Epoxidized soy bean oil 1 1 1 1 1 2
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2-Ethylhexyl epoxytallate 1 1 [ 1 1 3 3
Fumaric Acid Derivatives

Dibutyl fumarate 2 2 3 3 3 3
Giycerol Derivatives

Glycerol Tribenzoate 0 0 6 6 6 6
Glycerol triacetate 2 3 3 3 3 4
Glycerol diacetate

monolaurate 1 2 2 2 2 4

Isobutyrate Derivative
2,2,4-Trimethyl-1,3-
pentanediol, Diisobutyrate 1 1 1 1 3 3

Texanol diisobutyrate 1 2 2 2 2 4
[sophthalic Acid

Derivatives

Dimethyl isophthalate 0 5 5 ] 6 6
Diphenyl isophthalate 0 0 0 0 0 0
Di-n-butylphthalate 2 3 3 3 3 3
Lauric Acid Derjvatives

Methyl laurate 1 2 3 3 3 3
Linoleic Acid Derivative

Methyl linoleate, 75% 1 1 2 3 3 3

Maleic Acid Derivatives
Di-(2-ethylhexyl) maleate 1 1 2 3 3 3

Di-n-butyl maleate 2 3 3 3 3 3
Mellitates

(Tricapry! trimellitate 1 1 1 1 1 1
Trilsodecyl trimellitate 1 -1 1 1 1 1
ITri-(n-octyl,n-decyl) -

trimeliitate 1 1 1 1 1 1
Triisonyl trimellitate 1 1 1 1 1 1
Myristic Acid Derivatives

Isopropyl myristate 1 1 1 2 3 3
Oleic Acid Derivatives

Butyl oleate

Glycerol monooleate
Glycerol trioleate
Methyl oleate
n-Propyl oleate

alalalo]~
alalatafa
L e e
N[N = [ =N
[S RIS RN REA]
W W [N W |
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Tetrahydrofurfuryl oleate 1 1 1 2 3 3
Palmitic Acid Derivatives
Isopropy! palmitaie 1 1 1 il 2
Methyl palmitate 0
Paraffin Derivatives
Chloroparaffin, 41% C1
Chloroparaffin, 50% C1
Chioroparaffin, 60% C1
Chloroparaffin, 70% C1
Phosphoric Acid
Derivatives
2-Ethylhexyl diphenyl
phosphate 2 3 3
Isodecyl diphenyl
phosphate 1
t-Butylphenyl diphenyl
phosphate

Tri-butoxyethyl phosphate
Tributyl phosphate
Tricresyl phosphate
Triphenyl phosphate
Phthalic Acid Derivatives
Butyl benzyi phthalate
Texanol benzyl phthalate
Butyl octyl phthalate
Dicapryl phthalate
Dicyclohexy! phthalate
Di-(2-ethylhexyl) phthalate
Diethyl phthalate

Dihexyl phthalate
Diisobutyl phthalate
Diisodecyl phthalate
Diisoheptyl phthalate
Diisononyl phthalate
Diiscoctyl phthalate
Dimethyl phthalate
Ditridecyl phthalate
Diundecy! phthalate
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Ricinoleic Acid
Derivatives
Butyl ricinoleate 1 1 2 3 3 3
Glycerol tri(acetyl)
ricinllosate 1 1 1 2 1 1
Methyl acetyl ricinlloeate 1 1 2 3 3 3
Methyl ricinliceate 1 2 3 3 3 4
n-Butyl acetyl ricinlloeate 1 1 1 2 3 3
Propylene giycol
ricinlloeate 1 1 3 3 4 4
Sebacic Acid Derivatives
Dibutyl sebacate 1 2 3 3 3 3
Di-(2-ethylhexyl) sebacate | 1 1 1 2 2 3
Dimethyl sebacate 0 4 4 6 6 6
Stearic Acid Derivatives
Ethylene glycol
monostearate 0 1 2 3 3 3
Glycerol monostearate 0 0 1 2 2 2
Isopropyl isostearate 3 3 3 6 6 6
Methy! stearate 0 1 2 2 2 3
n-Butyl stearate 1 1 2 3 3 3
Propylene glycol
monostearate 0 1 1 2 2 3
Succinic Acid
Derivatives
Diethy! succinate 3 3 4 5 6 6
Sulfonic Acid Derivatives
N-Ethyl o,p-
toluenesulfonamide 2 5 6 6 6 6
0,p-toluenesulfonamide 0 0 0 6 6 6
Key:

0 = Plasticizer is a solid at this temperature
1 = Plasticizer is liquid, yet nothing happening to the film
5 2 =film has begun to haze

3 =film has swollen .
4 =film has begun to change as disintegrating off and/or liquid becoming
hazy
5 = no longer a film, liquid is hazy

10 6 =liquid is clear
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A similar test to that above can be referenced in "The Technology of
Plasticizers", by J. Kem Sears and Joseph R. Darby, published by Society
of Plastic Engineers/MWiley and Sons, New York, 1982, pp 136-137. In this
test, a grain of the polymer is placed in a drop of plasticizer on a heated
microscope stage. If the polymer disappears, then it is solubilized.

The plasticizers that are most effective at solubilizing the polyester
have a solubility of greater than 4 according to Table 1 and can also be
classified according to their solubility parameter. The solubility parameter,
or square root of the cohesive energy density, of a plasticizer can be
calculated by the method described by Coleman et al., Polymer31, 1187
(1990), herein incomorated by reference. The most preferred plasticizers
will have a solubility parameter (5) in the range from about 9.5 to about 13.0
cal®Scm™® Table 2 demonstrates that plasticizers with a solubility
parameter within this range solubilize the polyester while those plasticizers
with a solubility parameter outside of this range are much less effective. In
general, higher molecular weight plasticizers are preferred to prevent

smoking and loss of plasticizer during the calendering process.

Table 2
s Solubility @ 160°C
Plasticizer 5 (cal0.5¢cm -1.5)
from Table 1
Glycerol diacetate 8.1 4
monolaurate
Texanol diisobutyrate 8.4 4
Di-2-ethylhexyladipate 8.5 2
Trioctyltrimellitate 8.8 1
Di-2-ethylhexylphthalate 89 2
Texanol benzyl phthalate 9.5 4
Neopentyt glycol dibenzoate 9.8 6
Dipropylene glycol 10.0 §
dibenzoate
Butyl benzyl phthalate 10.1 6
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Propylene glycol dibenzoate 10.3 6
Diethylene glycol dibenzoate 103 6
‘ Glycerol tribenzoate 10.6 6

20

25

Particular plasticizers suitable for use in the present invention include
esters based on an acid moiety selected from phthalic acid, adipic acid,
trimeliitic acid, benzoic acid, azelaic acid, terephthalic acid, isophthalic acid,
butyric acid, glutaric acid, citric acid and phosphoric acid. The alcohol
moiety is selected from aliphatic, cycloaliphatic or aromatic alcohols
containing from about 1 to about 20 carbon atoms. Suitable alcohol
moieties include those based on methanol, ethanol, propanol, isopropanol,
butanol, isobutanol, stearyl alcohol, lauryl alcohol, phenol, benzy! alcohol,
ethylene glycol, neopentyl glycol, CHDM, and diethylene glycol.

In step (b) and (c) of the present invention the polyester composition
is respectively formed into a film or sheet and crystallization is induced.
Inducing crystaliization may be done either during or after forming the film
or sheet. In one preferred embodiment, forming of the film or sheet ocours
by melt extrusion or cast extrusion and inducing crystallization occurs after
forming by stretching. In another preferred embodiment, forming of the film
or sheet occurs by melt extrusion or cast extrusion and inducing
crystallization occurs after forming by annealing at a temperature greater
than the glass transition temperature of the film and less than melting
temperature of the base copolyester. In still another preferred embodiment,
forming of the film or sheet and inducing crystallization occur together
during step (b) by calendering or blown film extrusion.

The most preferred embodiment of the present invention is a process
for preparing a film or sheet comprising the steps of:

(@)  preparing a polyester composition comprising

(i) about 50 to about 80 weight percent of a base
copolyester having a melting temperature of less than about 220°C

JP 2004-524426 A 2004.8.12
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and a glass transition temperature of greater than about 60°C and

exhibiting more than about 1 percent crystallinity after annealing for

2000 minutes at a temperature of which the base copolyester has a

maximum crystallization rate, and

(it about 20, preferably about 25, to about 50 weight
percent of a plasticizer suitable for use with the base copolyester.

(b) forming the polyester composition into a film or sheet; and

(c)  inducing crystallization during step (b) or after step (b);
wherein after step (c) the film or sheet has a glass transition temperature
below about 23°C and a melting temperature greater than about 140°C. In
such a process the base copolyester preferably comprises a diacid
component comprising residues of at least 80 mole percent of a primary
diacid selected from the group consisting of terephthalic acid,
naphthalenedicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, isophthalic
acid and mixtures thereof and a diol component comprising residues of
about 10 to about 40 mole percent 1,4-cyclohexanedimethanol and about
90 to 60 mole percent ethylene glycol, wherein the diacid component is
based on 100 mole percent and the diol component is based on 100 mole
percent. The plasticizer is preferably selected from the group consisting of
neopentyl glycol dibenzoate, diethylene giycol dibenzoate, butyl benzyi
phthalate; Texanol benzyl phthalate.

In another embodiment of the present invention, a film or sheet has é
glass transition temperature beiow about 23°C, preferably below about 0°C,
and a melting temperature greater than about 120°C, preferably greater
than about 140°C; and comprises a polyester composition comprising (a)
about 50 to about 95 weight percent of a base copolyester having a melting
temperature of less than about 220°C and exhibiting more than about 1
percent crystallinity after annealing for 2000 minutes at a temperature of

which the base copolyester has a maximum crystaflization rate and (b)

JP 2004-524426 A 2004.8.12
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about 50 to about 5 weight percent of a plasticizer suitable for use with the
base copolyester.

Preferably, base copolyester comprises a diacid component
comprising residues of at least about 80 mole percent of a primary diacid
selected from the group consisting of terephthalic acid,
naphthalenedicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, isophthalic
acid and mixtures thereof and a diol component comprising residues of at
about least 80 mole percent of at least one primary diol containing 2 to
about 10 carbon atoms, wherein the diacid component is based on 100
mole percent and the diof component is based on 100 mole percent.

Preferably, the plasticizer presenting the film or sheet is present in
an amount of from about 20 weight percent to about 50 weight percent.
The plasticizer is preferably selected from one that dissolves a 5-mil thick
film of the base copolyester to produce a clear solution at a temperature
below 160°C. More preferably, the plasticizer is selected from one that has
a solubility parameter in the range from about 9.5 to about 13.0 cal®®cm™-2.

More preferably, base copolyester comprises a diacid component
comprising residues of at least about 80 mole percent of a primary diacid
selected from the group consisting of terephthalic acid,
naphthalenedicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, isophthalic
acid and mixtures thereof and a diol component comprising residues of
about 10 to about 40 mole percent 1,4-cyclohexanedimethanol and about
60 to 90 mole percent ethylene glycol, wherein the diacid component is
based on 100 mole percent and the diol component is based on 100 mole
percent. The plasticizer is selected from the group consisting of neopentyl
glycol dibenzoate, diethylene giycol dibenzoate, butyl benzyl phthalate; and
texanol benzyl phthalate.

This invention can be further illustrated by the following examples of
preferred embodiments thereof, although it will be understood that these
examples are included merely for purposes of illustration and are not

JP 2004-524426 A 2004.8.12
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intended to limit the scope of the invention uniess otherwise specifically
indicated.

EXAMPLES

Examples 1-9

A polyester, which contains an acid component of 100 mole %
terephthalic acid and a glycol component of 31 mole % 1,4-
cyclohexanedimethanol and 69 mole % ethylene glycol and has an IV of
0.76 dL/g, a weight average molecular weight of 40400 g/mo! and a Tg of
about 78°C, was pre-dried at 65°C for 12 hours in a dehumidified dryer and
compounded with various plasticizers, as listed in Table 3, using a 30-mm
Werner-Pfleiderer 40:1 L/D co-rotating twin screw extruder. Without
additional drying, the extruded compositions were then formed into films
having a thickness of 0.254 mm using a 25.4-mm Killion extruder fitted with
a 152-mm film die. The films were subsequently annealed in a vacuum oven
at 100°C for 90 minutes. Properties of the films including Tg, Tm, and
weight average molecular weight before (Comparative Examples 1-4) and
after (lllustrative Examples 5-8) the annealing process are summarized in
Table 3. Examples 1 to 4 display a Tg below 23°C as measured by
differential scanning calorimetry, DSC, at a heating rate of 20°C/min.
Examples 1-4 show no Tm. The annealed compositions, Examples 5-8,
exhibit a Tg below 23°C as well as a Tm between 140°C and 170°C.

Dynamic mechanical thermal analysis, DMTA, curves of Examples 1
to 4 are presented in Figure 1. All DMTA experiments were performed at
an operating frequency of 16 Hz and a heating rate of 10°C/minute. Below
the onset of the Tg, the compositions possess a high modulus indicative of
a rigid material. During the transition from glass to rubber, the modulus falls
precipitousty. This region of the DMTA curve is commonly referred to as
the leathery region because of the texture and feel of the material. At the
end of the glass transition region, the DMTA curves display a short plateau
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that extends to between 50 and 80°C, which is followed by a drop in
modulus due to viscous flow. This plateau defines the temperature regime
where the composition is soft, flexible and rubber-like. Thus, the utility of

Examples 1 to 4 is severely limited to a narrow range of temperatures

5 above Tg defined by the short rubbery plateau.

DMTA curves of Examples 5 to 8 are presented in Figure 2. Below
the onset of Tg, the compositions possess a modulus similar to that of the
non-annealed samples. The transition from glass to rubber in the annealed
samples occurs over a broader range than in the non-annealed samples.

10 At the end of the glass transition region, the DMTA curves display a plateau
that extends to about 150°C, approximately 70°C beyond the end of the
rubbery plateau for the non-annealed samples. Consequently, the utility of
Examples 5 to 8 now extends well beyond that for Examples 1o 4. These
results are totally unexpected.

15

Table 3

Comparative Examples llfustrative Examples

1 2 3 4 5 6 7 8
Base
Copolyester 70 70 70 70 70 70 70 70
(wt %)
Neopentyl
glycol )
dibenzoate 80 30
(wt%)
Diethylene
glycol
dibenzoate 30 30
(wt%)
Butyl Benzyl
Phthalate 30 30
(wi%)
Texanol Benzyl
Phthalate 30 30
(Wi%)
Tg (°C) by 16 -3 5 18 14 23 | 24 | 16

JP 2004-524426 A 2004.8.12
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Tm (°C) by
DSC
Weight Avg.
Molecular
Weight by GPC 39000 | 39400 | 39000 | 38000 | 39000 | 38600 | 38500 | 39800

/mol

- - - - 155 145 150 155

Example 9
The polyester composition of Example 9, with data summarized in
Table 4, was prepared the same as Example 1. This example shows the
5 properties of an extruded film that was subsequently subjected to a 3x3
biaxial stretch at 23°C to effect crystallization. The resulting film displays a
Tg below 23°C and a Tm of 151°C. Both induced crystallization by
annealing and stretching result in a film of the present invention that is soft
and flexible at room temperature.
10
Examples 10-13
The same base copolyester of Example 1 was pre-dried at 65°C for
12 hours in a dehumidified dryer and compounded with various plasticizers,
as listed in Table 4, using a 30-mm Werner-Pfleiderer 40:1 L/D co-rotating
15 twin screw extruder. Without additional drying, the extruded compositions
were placed on a Farrell two-roll mill at a set roll temperature of 150°C.
After 10 minutes, the polyester composition was removed from the mill and
fed through a 3-roll vertical cale‘ndering stack with roll temperatures ranging
from 110-120°C to produce 0.254-mm thick films. Properties of the films,
20 including Tg, Tm, and weight average molecular weight, are summarized as
llustrative Examples 10-13 in Table 4. Each example has a Tg below 23°C
and a Tm between 150°C and 165°C.
DMTA curves of Examples 9 to12 are presented in Figure 3. Each
example displays a rubbery plateau that extends beyond 150°C. Thus,
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films are formed with a Tg below 23°C and rubber-like properties up to

150°C. These results are totally unexpected.

Table 4

llustrative Examples
9 10 | M 12 13

Base
Copolyester 70 70 70 70 70
(wt %)
Neopentyl
glycol
dibenzoate
(Wi%)
Diethylene
glycol
dibenzoate
(wi%)

Butyl Benzyl
Phthalate 30
(wi%)
Texanol
Benzyl

Phthalate 30
(wt%)

Tg (°C) by - - K
Dae 19 8 17 9 15

Tm (°C) by
DSC
Weight
Average
Molecutar 39400 | 38900 | 38500 | 37800 | 39200
Weight by
GPC

30

30 30

151 164 164 163 166

*Examples 10-13 contain 0.50 wt % of a fatty acid ester release
additive.

2004-524426 A 2004.8.12
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Example 14

The base copolyester of Example 1 was compounded with glycerol
tribenzoate at 15 weight percent and 30 weight percent. The Tg of the 30
weight percent polyester composition was 32°C. Utilizing the Fox equation
for predicting the Tg of polymer/plasticizer and polymer/polymer mixtures, a
40 weight percent glycerol tribenzoate polyester composition is expected to
produce a mixture with a Tg below 23°C.

Examples 15-19

A base copaolyester, as shown for each Example 15-19 in Table 5,
was pre-dried at 65°C for 12 hours in a dehumidified dryer and
compounded with the plasticizer neopentyl glycol dibenzoate using a 30-
mm Werner-Pfleiderer 40:1 L/D co-rotating twin screw extruder. Without
additional drying, the extruded compositions were placed on a Fartell two-
roll mill at a set roll temperature of 150°C. After 10 minutes, the polyester
composition was removed from the mill and fed through a 3-roll vertical
calendering stack with roll temperatures ranging from 110-120°C to produce
0.254-mm thick films. Properties of the films, including Tg and Tm are
summarized in Table 5. Examples 15-17 are illustrative examples of the
present invention. While Examples 18 and 19 have a Tg greater than 23°C,
the addition of more plasticizer would lower the Tg. In particular, utilizing
the Fox equation, the Tg of a pdlyester composition utilizing the same base
copolyester of Exampie 19 is predicted o be below 23°C at 22 weight

percent neopentyl glycol dibenzoate plasticizer.

JP 2004-524426 A 2004.8.12
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Examples
15 [ 16 17 [ 18 [ 19 ]

Base Copolyester (wt%)

PETG 6763 35 42.5 85

Eastobond” 35 | 35 425

Embrace 35 70
Neopentyl glycol
dibenzoate (wt%) 30 30 30 15 15
Tg (°C) by DSC 10 5 12 30 39
Tm (°C) by DSC 154 | 166 170 170 172

Tcopolyester of a diacid component of 100 mole % terephthalic acid and a
glycol component of 31 mole % 1,4-cyclohexanedimethano! and 69 %
5 percent ethylene glycol

2copolyester of a diacid component of 100 mole % terephthalic acid and a
glycol component of 37 mole % diethylene glycol and 63 mole % ethylene
glycol
3copolyester of a diacid component of 100 mole % terephthalic acid and a

10 glycol component of 20 mole % 1,4-cyclohexanedimethanol, 9 mofe %

diethylene glycot and 71 mole % ethylene glycol
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CLAIMS
What is claimed is:

1. A process for preparing a film or sheet having a glass transition
temperature below about 23°C and a melting temperature greater than
about 120°C comprising the steps of: )
(a)  preparing a polyester composition comprising
(i) about 50 to about 95 weight percent of a base
copolyester having a melting temperature of less than about 220°C
and exhibiting more than about 1 percent crystallinity after annealing
for 2000 minutes at a temperature of which the base copolyester has
a maximum crystallization rate, and
(iiy  about 5 to about 50 weight percent of a plasticizer
suitable for use with the base copolyester;
(by  forming the polyester composition into a film or sheet; and
(c)  inducing crystallization during step (b) or after step (b).

2. The process of claim 1 wherein the film or sheet has a glass
transition temperature below about 0°C.

3. The process of claim 2 wherein the film or sheet has a melting
temperature greater than about 140°C.

4. The process of claim 1 whersin the film or sheet has a melting
temperature greater than about 140°C.

5. The process of claim 1 wherein the polyester composition comprises
from about 50 to about 80 weight percent of the base copolyester and from
about 20 to about 50 weight percent of the plasticizer.

JP 2004-524426 A 2004.8.12
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6. The process of claim 5 wherein the polyester composition comprises
from about 60 to about 75 weight percent of the base copolyester and from
about 25 to about 40 weight percent of the plasticizer.

7. The process of claim 1 wherein the base copolyester comprises
(i) a diacid component comprising residues of at least about 80
mole percent of a primary diacid selected from the group consisting of
terephthalic acid, naphthalenedicarboxylic acid, 1,4-
cyclohexanedicarboxylic acid, isophthalic acid and mixtures thereof and
(i) a diol component comprising residues of at least about 80
mole percent of at ieast one primary diol containing 2 to about 10 carbon
atoms,
based on 100 mole percent of the diacid component and 100 mole percent
of the diol component.

8. The process of claim 7 wherein the diacid component further
comprises residues of up to about 20 mole percent of a modifying diacid

containing from about 4 to about 40 carbon atoms.

9. The process of claim 8 wherein the modifying diacid is selected from
the group consisting of succinic acid, glutaric acid, adipic acid, suberic acid,
sebacic acid, azelaic acid, dimer acid, sulfoisophthalic acid, and mixtures
thereof. ‘ »

10.  The process of claim 7 wherein the primary diol is selected from the
group consisting of ethylene glycol, diethylene glycol, neopentyl glycol, 1,4-

cyclohexanedimethanol and mixtures thereof.
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11.  The process of claim 7 wherein the primary diol comprises residues
of from about 10 to 100 mole percent 1,4-cyclohexanedimethanol and from

Oto about 90 mole percent ethylene glycol.

12.  The process of claim 11 wherein the primary diol comprises from
about 10 to about 40 mole percent 1,4-cyclohexanedimethanol and about
60 to about 90 mole percent ethylene glycol.

13.  The process of claim 12 wherein the plasticizer is present in an

amount of about 20 to about 50 weight percent.

14.  The process of claim 7 wherein the diol component further comprises
residues of up to about 20 mole percent of a modifying diol selected from
the group consisting of 1,3-propanediol, propylene glycol, 1,4-butanediol,
1,5-pentanediol, 1,6-hexanediol, 1,8-octanediol, 2,2.4-trimethyl-1,3-
pentanediol, 2,2,4 4-tetramethyl-1,3-cyclobutanediol, 1,3-
cyclohexanedimethanol, and polyalkylene glycol.

15.  The process of claim 1 wherein the plasticizer dissolves a 5-mil
(.127 mm) thick film of the base copolyester to produce a clear solution at a

temperature below 160°C.

16.  The process of claim 1 wherein the plasticizer has a solubility

parameter in the range from about 9.5 to about 13.0 cal®5em™®

17.  The process claim 1 wherein the plasticizer is an ester based on

(i) an acid moiety selected from the group consisting of phthalic
acid, adipic acid, trimellitic acid, benzoic acid, azelaic acid, terephthalic
acid, isophthalic acid, butyric acid, glutaric acid, citric acid and phosphoric
acid and

JP 2004-524426 A 2004.8.12
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(i) an alcohol moiety selected from the group consisting of
aliphatic, cycloaliphatic, and aromatic alcohols containing from about 1 to
about 20 carbon atoms.

18.  The process of claim 17 wherein the alcohol moiety of the plasticizer
is selected from the group consisting of méthanol, ethanol, propanal,
isopropanol, butanol, isobutanol, stearyl alcohol, lauryl alcohol, phenol,
benzyl alcohol, ethylene glycol, neopentyl glycol, 1,4-
cyclohexanedimethanol, diethylene glycol.

19.  The process of claim 1 wherein forming the film or sheet is by melt
exirusion.

20.  The process of claim 1 wherein forming the film or sheet is by cast
extrusion.

21.  The process of claim 1 wherein inducing crystallization is after step
{b) and is by stretching.

22.  The process of claim 1 wherein inducing crystallization is after step
(b) and is by annealing at a temperature greater than the glass transition
temperature of the film and less than melting temperature of the base

copolyester.

23.  The process of claim 1 wherein forming the sheet and inducing

crystallization occur during step (b) by calendering or blown film extrusion.

JP 2004-524426 A 2004.8.12
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24, A process for preparing a film or sheet comprising the steps of:
(a)  preparing a polyester composition comprising
[0} about 50 to about 80 weight percent of a base
copolyester having a melting temperature of less than about 220°C
and a glass transition temperature of greater than about 60°C and
exhibiting more than about 1 percent crystallinity after annealing for
2000 minutes at a temperature of which the base copolyester has a
maximum crystallization rate, and
(ii) about 20 to about 50 weight percent of a plasticizer
suitable for use with the base copolyester.
(b)  forming the polyester composition into a film or sheet; and
(c) inducing crystallization during step (b) or after step (b);
and wherein after step (c) the film or éﬁeet has a glass transition
temperature below about 23°C and a melting temperature greater than
about 140°C.

25.  The process of claim 24 wherein the base copolyester comprises a
diacid component comprising residues of at least about 80 mole percent of
a primary diacid selected from the group consisting of terephthalic acid,
naphthalenedicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, isophthalic
acid and mixtures thereof and a diol component comprising residues of
about 10 to about 40 mole percént 1,4-cyclohexanedimethanol and about
60 to about 90 mole percent ethylene glycol, based on 100 mole percent of
the diacid component and 100 mole percent of the dio! component.

26.  The process of claim 24 wherein the plasticizer is selected from the
group consisting of neopentyl glycol dibenzoate, diethylene glycol
dibenzoate, butyl benzyl phthalate; texanol benzyl phthalate.

JP 2004-524426 A 2004.8.12
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27.  Afilm or sheet having a glass transition temperature below about
23°C and a melting temperature greater than about 120°C and comprising a
polyester composition comprising

(a)  about 50 to about 95 weight percent of a base copolyester
having a melting temperature of ess than about 220°C and exhibiting more
than about 1 percent crystallinity after ann‘ealing for 2000 minutes at a
temperature of which the base copolyester has a maximum crystallization
rate and

(b)  about 5 to about 50 weight percent of a plasticizer suitable for
use with the base copolyester.

28.  The film or sheet of claim 27 wherein the base copolyester is present
from about 50 to about 80 weight percent and the plasticizer is present from

about 20 mole percent to about 50 weight percent.

29.  The film or sheet of claim 27 wherein the base copolyester
comprises

0] a diacid component comprising residues of at least about 80
mole percent of a primary diacid selected from the group consisting of
ferephthalic acid, naphthalenedicarboxylic acid, 1,4-
cyclohexanedicarboxylic acid, isophthalic acid and mixtures thereof and

(iiy  adiol component comprising residues of at least about 80
mole percent of at least one prirﬁary diol containing 2 to about 10 carbon
atoms, wherein the diacid component is based on 100 mole percent and the

diol component is based on 100 mole percent.

30.  The film or sheet of claim 29 wherein the diacid component
comprises residues of up to about 20 mole percent of a modifying diacid

containing from about 4 to about 40 carbon atoms.
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31.  The film or sheet of claim 30 wherein the modifying diacid is selected
from the group consisting of succinic acid, giutaric acid, adipic acid, suberic
acid, sebacic acid, azelaic acid, dimer acid, and sulfoisophthalic acid.

32.  The film or sheet of claim 29 wherein the primary diol is selected
from the group consisting of ethylene glycol, diethylene glycol, neopentyi
glycol, 1,4-cyclohexanedimethanol and mixtures thereof.

33.  The film or sheet of claim 29 wherein the primary diol comprises
residues of about 10 to 100 mole percent 1,4~cyclohexanedimethanol and 0
to about 80 mole percent ethylene glycol.

34.  The film or sheet of claim 33 wherein the primary diol comprises from
about 10 fo about 40 mole percent 1,4-cyclohexanedimethanol and about

60 to about 90 mole percent ethylene glycol.

35.  The film or sheet of claim 29 wherein the diol component comprises
residues of up to about 20 mole percent of a modifying diol selected from
the group consisting of 1,3-propanediol, propylene glycol, 1,4-butanediol,
1,5-pentanediol, 1,6-hexanediol, 1,8-octanediol, 2,2,4-trimethyi-1,3-
pentanediol, 2,2 4 4-tetramethyl-1,3-cyclobutanediol, 1,3-
cyclohexanedimethanol, and polyalkylene giycol.

36.  The film or sheet of claim 27 wherein the plasticizer dissolves a 5-mil
thick film of the base copolyester to produce a clear solution at a
temperature below 160°C.

37.  The film or sheet of claim 27 wherein the plasticizer has a solubility

parameter in the range from about 9.5 to about 13.0 cal®cm™®.
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38.  The film or shest of claim 27 wherein the plasticizer is an ester
based on

(i) an acid moiety selected from the group consisting of phthalic
acid, adipic acid, trimellitic acid, benzoic acid, azelaic acid, terephthalic
acid, isophthalic acid, butyric acid, glutaric acid, citric acid and phosphoric
acid and

(if) an alcohol moiety selected from the group consisting of
aliphatic, cycloaliphatic, and aromatic alcohols containing from about 1 to
about 20 carbon atoms.

39.  The film or sheet of claim 38 wherein the alcohol moiety of the
plasticizer is selected from the group consisting of methanol, ethanol,
propanol, isopropanol, butanol, isobutanol, stearyl alcohol, lauryl alcohol,
phenol, benzyl alcohol, ethylene glycol, neopentyl glycol, 1,4~
cyclohexanedimethanol, diethylene glycol.

40.  The film or sheet of claim 27 wherein the film or shest has a glass
transition temperature below about 0°C.

41.  The film or sheet of claim 40 wherein the film or sheet has a meiting
temperature greater than about 140°C.

42.  The film or sheet of claim 27 wherein the film or sheet has a melting
temperature greater than about 140°C.

43.  Afilm or sheet having a glass transition temperature below about
23°C and a melting temperature greater than about 140°C and comprising a
polyester composition comprising

(a)  about 50 to about 80 weight percent of a base copolyester
having a melting temperature of less than about 220°C and a glass

JP 2004-524426 A 2004.8.12
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transition temperature of greater than about 60°C and exhibiting more than
about 1 percent crystallinity after annealing for 2000 minutes at a
temperature of which the base copolyester has a maximum crystallization
rate, and

(b)  about 20 to about 50 weight percent of a plasticizer suitable
for use with the base copolyester.

44.  The film or sheet of claim 43 wherein the base copolyester
comprises a diacid component comprising residues of at least 80 mole
percent of a primary diacid selected from the group consisting of
terephthalic acid, naphthalenedicarboxylic acid, 1,4-
cyclohexanedicarboxylic acid, isophthalic acid and mixtures thereof and a
diol component comprising residues of about 10 to about 40 mole percent
1,4-cyclohexanedimethanol and about 90 to 60 mole percent ethylene
glycol, wherein the diacid component is based on 100 mole percent and the
diol component is based on 100 mole percent.

45.  The film or sheet of claim 44 wherein the plasticizer is selected from
the group consisting of neopentyl glycol dibenzoate, diethylene glycol
dibenzoate, butyl benzyl phthalate; texanol benzy! phthalate.

JP 2004-524426 A 2004.8.12



JP 2004-524426 A 2004.8.12

(53)

PCT/US02/10316

WO 02/083769

13

00¢

| b1
(D) aunipiddwa |
(03¢]] 00i 0s 0 0s- oﬁ_u_-

osl-
GO+3'|

P

\

1
+ ejdwox3 Z,/ ,,.

v _—
| o|dwpx3 k \

F90+3'|
FL0+3
(od) 3

r80+3’l

F60+3’|

oi+3l

L T T T T S N T T T (|



JP 2004-524426 A 2004.8.12

(54)

PCT/US02/10316

AE
(D) ainjpiadwa]
002 Qsl 00! 0¢ 0 0g- 0ol- osi-
ﬁf : ; ' t : GO+l
1
Fo0+31
2
h FL0+3]
(bd) 3
r80+3
r60+3’l

01+3

WO 02/083769

Lo L L L L L L L L L L L L L L L L L L

T T T T VR S T S S '



JP 2004-524426 A 2004.8.12

(55)

PCT/US02/10316

¢ big
(9)ainpradwa
002 0si (e]¢]] 0s 0 0G- oaI- osl-
e : : : - - SOAEN!
ro0+3l
eI
o UIV//,,4O_ 9)dwox3 ]
) r20+37
(°d) .3

r80+31
re0+3’l

O1+371

WO 02/083769

L T T T T S N T T T (|



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

gbooogbodaoan

INTERNATIONAL SEARCH REPORT

(56)

Inte al Application No

PCT/US 02/10316

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 C08J5/18 C08K5/00 £08J3/18

According o i Patent CI {IPC) or 1o both national

C08L67/02 B29D7/01

and IPG

B. FIELDS SEARCHED

IPC 7 C08J CO8K cCO8L

‘Minimum documentation searched (classiication system foliowed by ciassificalion symbols)
B29D

Documentation searched other than minimum documentation to the extent ihat such documents are included in the fields searched

El ic data base lted during the 1

EPO-Internal, PAJ, WPI Data

search (name of cata base and, where practical, search terms used)

C. DOCUNENTS CC ) TO BE RELEVANT
Category ° { Gitation of document, wilh indication, where appropriate, of the relevant passages Relevant to claim No.
X GB 805 586 A (GOODYEAR TIRE & RUBBER) 1-8,10,
10 December 1958 (1958-12-10) 13-30,
35-43
Y page 1, line 13 -page 2, line 114; claims; 9,11,12,
examples 31-34,
44,45
Y WO 97 49757 A (EASTMAN CHEM CO) 9,11,12,
31 December 1997 (1997-12-31) 31-34,
44 45
page 3, Tine 5 -page 8, 1ine 25; claims
X GB 805 587 A (GOODYEAR TIRE & RUBBER) 1-8,10,
10 December 1958 (1958-12-10) 13-30,
35-43
Y page 1, Tine 13 -page 3, Tine 10; claims; 9,11,12,
examples 31-34,
44,45
)

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

*© Special categories of cited documents :

A" document defining the general state of the art which is not
considered o be of particular relevance

filing dlat
w docun;ﬁm which may throw doubls on priorlty_claims) or
citation or other special reason (as specilied)

R documenl lefernng 1o an oral disclosure, use, exhibition or
other

P dbcllmem publlshed prior to the international filing date but

. earherdocumenl but published on or afterthe international e

ited to establish the publication dale of another B

Tater than the priority date claimed .

later document published after the international fi fing dete
or priority date and not in conslict with the application but
cited to Understand the principle of theory u||derlymg the
invention

document of parllcuiar relevance; the claimed |nvemwn
‘cannot be considered novel or cannol be considere
involve an inventive slep when the document is Shien alone

documem of pamcu far relevancs; the claimed invention

not be considered to involve an inventive siep wher the

GocurmaM 5 Combinec with ong of Mors oer. ek doct
:nstr‘ﬂséﬁuch combination being obvious to a person skilled
inthe art.

document member of the same patent family

Date of the actual completion of the internaional search

8 July 2002

Date of malling of the international search report

16/07/2002

Name and mailing address of the [SA
European Patent Omce, P.B.5818 Patentlaan 2
NL — 2280 HV Rijswi
ok, (+51-70) 340. 2uao, Tx. 31651 epanl,
Fax: (+31-70) 340-3016

Authorized officer

Otegui Rebollo, J

Fom PGT/ISA210 {second shest) (July 1992)

JP 2004-524426 A 2004.8.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH REPORT

(57)

inter 1al Application No

PCT/US 02/10316

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Gitation of document, with indication where appropriate, of the relevant passages

Relevant to claim No.

Y

WO 97 10302 A (EASTMAN CHEM C0)
20 March 1997 (1997-03-20)

page 4, line 1 -page 11, line 7; claims

GB 805 588 A (GOODYEAR TIRE & RUBBER)
10 December 1958 (1958-12-10)

page 1, line 49 -page 2, Tine 120; claims

WO 95 14734 A (EASTMAN CHEM CO)
1 June 1995 (1995-06-01)

page 6, line 17 -page 7, line 27
page 8, line 18-29; claims

WO 87 03291 A (EASTMAN KODAK CO)
4 June 1987 (1987-06-04)

page 2, line 35 -page 6, line 35; claims;
examples 1,4

JP 04 117432 A (SEKISUI CHEM €O LTD)

17 April 1992 (1992-04-17)

cited in the application

page 3, left-hand column, Tine 13 -page 4,
Teft-hand column, line 13; claim

WO 99 47605 A (EASTMAN CHEM CO)

23 September 1999 (1999-09-23)

cited in the application

page 6, line 14-30; claims

JP 08 283547 A (MARUYAMA KOGYO KK;KATSUTA
KAKO KK; DU PONT TORAY CO LTD)

29 October 1996 (1996-10-29)

page 2, column 1, Tine 47 -page 4, column
6, line 48; claims

WO 94 28061 A (ZENECA LTD ;HAMMOND TIMOTHY
(GB); LIGGAT JOHN JAMIESON (GB); MONTA)

8 December 1994 (1994-12-08)

page 2, Tine 5 —-page 10, line 31; claims;
examples

9,11,12,
31-34,
44,45

1-8,10,
13-30,
35-43
9,11,12,
31-34,
44,45

9,11,12,
31-34,
44,45

1-16,
19-25,
27-37,

1-45

1-12,
14-16,
19,23,
27-37,
40-44

1-4,
7-18,23,
38-43,45

1-45

Fom PCT/ISA210 (continuation of second shaat) (July 1992)

JP 2004-524426 A 2004.8.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH REPORT

information o patent famity members

(58)

Inter

Wl Application No

PCT/US 02/10316

Patent document J Publication Patent family ’ Publication

cited in search report date member(s) date

GB 805586 A 10-12-1958  NONE

W0 9749757 A 31-12-1997 EP 0909292 Al 21-04-1999
JP 10067923 A 10-03-1998
JP 2002514229 T 14-05-2002
Wo 9749757 Al 31-12-1997
us 5824398 A 20-10-1998

GB 805587 A 10-12-1958  NONE

W0 9710302 A 20-03-1997 US 5624987 A 29-04-1997
AU 6916996 A 01-04-1997
EP 0850275 Al 01-07-1998
JP 11511500 T 05-10-1999
WO 9710302 Al 20-03-1997
us 5965648 A 12-10-1999
ZA 9607712 A 26-03-1997

GB 805588 A 10-12-1958  NONE

WO 9514734 A 01-06-1995 AU 678083 B2 15-05-1997
AU 1097195 A 13-06-1995
BR 9408143 A 12-08-1997
CA 2177620 Al 01-06-1995
CN 1141051 A ,B 22-01-1997
EP 0730621 Al 11-09-1996
JP 9505627 T 03-06-1997
WO 9514734 Al 01-06-1995
us 5534570 A 09-07-1996
us 5589126 A 31-12-1996

WO 8703291 A 04-~06-1987 EP 0247154 Al 02-12-1987
JP 63501725 T 14-07-1988
WO 8703291 Al 04~06-1987

JP 04117432 A 17-04-1992  JP 2986197 B2 06-12-1999

WO 9947605 A 23~09-1999 US 6068910 A 30-05-2000
BR 9908841 A 12-12-2000
CN 1293696 T 02-05-2001
EP 1066339 Al 10-01-2001
JpP 3280374 B2 13-05-2002
JP 2002506909 T 05-03-2002
WO 9947605 Al 23-09-1999

JP 08283547 A 29~-10-1996  NONE

WO 9428061 A 08~12-1994 AU 6851694 A 20-12-1994
CA 2163444 Al 08-12-1994
EP 0701586 Al 20-03-1996
WO 9428061 Al 08-12-1994
JP 9501450 T 10-02-1997
us 5753782 A 19-05-1998

Form PCTASA/210 (paten family annex) (July 1562)

JP 2004-524426 A 2004.8.12



(59) JP 2004-524426 A 2004.8.12

gobogooaon

(72000 OooOoooooooood
gooooooooooooobooooooooooooobooobooboobobobooooooooooon
oo

72000 OooOoooooooood
gooooooooooooobooooooooooooobooooboooooooooooon

(2)000 OOooooooDooOooo
vgbboubboouoboooubooboooboobooobooobouobooobouboa
O

(2)000 OOoDOOoOoOoooooOoOoOoo
gooooooooooooobooooooooooooobooobooboobobobooooooooooon

OOO0O (@ O) 4F071 AA4SX AA4TX AAB4 AAB9 AC10 AEO4 AG28 BB06 BBO7 BCO1



	bibliographic-data
	abstract
	claims
	description
	drawings
	international-document-image-group
	search-report
	overflow

