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HEAT-RESISTANT WATER-DISPERSIBLE
SULFOPOLYESTER COMPOSITIONS

FIELD OF THE INVENTION -

The present invention relates to sulfonate
containing water—dispersible or water-dissipatible
sulfopolyester compositions. The sulfopolyesters
utilize at least two dicarboxylic acids, one of which is
a naphthalene dicarboxylic acid. This combination of
dicarboxylic acids allows for the sulfopolyesters to
maintain glass transition temperatures (Tg) of greater
than 89°C. and exhibit lower melt viscosities than
sulfopolyesters containing all naphthalenediyl units or
all isophthtaloyl units. The sulfopolyesters of this
invention are useful in applications where improved heat
and blocking resistance is required.

BACKGROUND OF THE INVENTION
Poly(ethylene~2, 6—naphthalene dicarboxylate),
referred to as PEN, has been used in films, fibers, and

molded objects. U.S. Pat. Nos. 3,546,008, 3,563,942,
3,734,874, and 3,779,993 disclose water—dispersible
copolyester and polyesteramide compositions containing
metal sulfonate groups. None of the references,
however, use poly(ethylene—2, 6~naphthalene
dicarboxylate) or mention Tg. U.S. Pat. No. 4,480,085
discloses compositions containing 1,8-naphthalene
dicarboxylic acid and sodiosulfoisophthalic acid as the
dicarboxylic acid component in combination with ethylene
glycol. The sulfopolyester had a Tg of 73°C. 1In
contrast, the present inventors have determined that
only certain naphthalenediyl isomers will yield polymers
with Tg values above 89°C.

PCT/US94/07850
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U.S. Pat. No. 3,436,376, discloses polyesters
synthesized from 2,6—naphthalene dicarboxylic acid, and
ethylene glycol. The polyesters have Tg’'s of
approximately 125°C. Tg values of 88°C. and 73°C. were
reported for the analogs where the ethylene glycol was
replaced with 1,2-propane diol and 1,3-propane diol,
respectively. The polyesters of U.S. Pat. No. 3,436,376
did not contain any sulfomonomer and were not
water—dispersible or water—dissipatible .

U.S. Pat. No. 3,123,587, discloses compositions
which are resistant to hydrolysis compared to
5—sulfoisophthalic acid modified poly(ethylene
terephthalate) derived fibers. The compositions contain
1 to 5 mole% of 5-sulfoisophthalic acid with 75 mole% of
the total acid component comprised of 2,6 or
2,7-naphthalenediyl units and 75 mole% of the total
glycol component comprised of cyclohexanedimethanol.
Improved hydrolytic stability was touted as an attribute
of the invention. Thus, the polyesters are less likely
to be water dispersible. |

Water—dispersible sulfopolyesters containing only
isophthalate acid units or only terephthalic acid units
tend to have Tg’s less than 89°C. with aliphatic and
alicyclic diols, while analogous systems containing only
naphthalene dicarboxylic acid units tend to have a
maximum Tg around 130°C., when common aliphatic and
cycloaliphatic diols are used. Unexpectedly, the
present inventors have determined that sulfopolyesters
based on isophthalate or terephthalate units modified
with naphthalene units not only maintain Tg’s in the
89°C. to 130°C. range, but also exhibit melt v1sc051t1es

- lower than comparable systems containing only
isophthalic acid or only naphthalene dicarboxylate
units. It is desirable to have lower melt viscosities,
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since production process equipment is limited to a
certain melt viscosity. Thus, lower melt viscosities
will allow for higher molecular weights to be obtained
for a given sulfopolyester. .

SUMMARY OF THE INVENTION

Accordingly, it is one object of the present
invention to provide water—dispersible high molecular
weight sulfopolyester compositions.

Accordingly, it is another object of the invention
to provide water—dispersible sulfopolyesters which have
a Tg of greater than 89°C. and which exhibit lower melt
viscosities.

Still another object of the invention is to provide

.water—dispersible sulfopolyester compositions which are

useful in applications where increased abrasion
resistance, inherent higher process temperature
conditions, and improved blocking resistance are
required.

These and other objects are accomplished herein by
a water—dispersible sulfopolyester having a Tg of
greater than 89°C. and low melt viscosity consisting
essentially of repeat units from:

(a) 10 to 93 mole percent of a dicarboxylic
acid selected from the group consisting
of naphthalene-2,6-dicarboxylic acid,
naphthalene—2,7—dicarboxylic acid,
naphthalene—-2, 6~dicarboxylate ester and
naphthalene—-2,7—dicarboxylate ester;

(b) 2 to 85 mole percent of a dicarboxylic
acid selected from the group consisting
of aromatic dicarboxylic acids, saturated
aliphatic dicarboxylic acids,

PCT/US94/07850
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cycloaliphatic dicarboxylic acids, and
combinations thereof;

(c) a diol; and

(d) a difunctional sulfomonomer containing at
least one sulfonate group attached to an
aromatic nucleus wherein the functional
groups are hydroxy, carboxy or amino,
provided the difunctional sulfomonomer is
present in an amount from 5 to 40 mole
percent based on 100 mole percent
dicarboxylic acid and 100 mole percent
diol.

DESCRIPTION OF THE INVENTION

This invention discloses compositions and methods
of preparation for linear, water—dispersible
sulfopolyesters having a Tg value of at least 89°C. and
a low melt viscosity. The term "water—dispersible" is
used interchangeably with other descriptors such as
"water—dissipatible", "water—soluble", or
"water—dispellable". All of these terms refer to the
activity of water or a mixture of water with a
water-miscible organic solvent on the sulfopolyesters
described herein. This terminology includes conditions
where the sulfopolyester is dissolved to form a true
solution or is dispersed within an aqueous medium. Due
to the statistical nature of polyester compositions, it
is possible to have soluble and dispersible fractions
when a single polyester is acted upon by an aqueous
medium.

The sulfopoiyester contains repeat units from at
least two dicarboxylic acids, a diol, and a difunctional
sulfomonomer. At least one of the dicarboxylic acids,
compdnent (a), is 10 to 93 mole percent based on
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100 mole$ dicarboxylic acid component, of naphthalene-—
2,6-dicarboxylic acid, naphthalene-2,7—-dicarboxylic
acid, naphthalene—2,6-dicarboxylate ester, or
naphthalene-2,7—-dicarboxylate ester. Preferably, the
dimethyl ester forms are used.

In addition to the 2,6— or 2,7-naphthalene
dicarboxylic acid or 2,6— or 2,7—-dicarboxylic ester, the
dicarboxylic acid component contains 2 to 85 mole
percent of a dicarboxylic acid, component (b), which is
selected from aliphatic, alicyclic, and aromatic
dicarboxylic acids. Examples of these dicarboxylic
acids include malonic, dimethylmalonic, succinic,
dodecanedioic, glutaric, adipic, trimethyladipic,
pimelic, 2,2—dimethylglutaric, azelaic, sebacic,
fumaric, suberic, maleic, itaconic, 1,3-cyclo-
pentane dicarboxylic, 1,2-cyclohexanedicarboxylic,
1,3-cyclohexanedicarboxylic, 1,4—cyclohexane—
dicarboxylic, phthalic, terephthalic, isophthalic,
2,5-norbornanedicarboxylic, diphenic, 4,4’'—oxydibenzoic,
diglycolic, thiodipropionic, 4,4’—sulfonyldibenzoic,
1,8—-naphthalenedicarboxylic, and 2,5-naphthalene—
dicarboxylic. The anhydride, acid chloride, and ester
derivatives of the above acids may also be used. The
preferred dicarboxylic acid(s) to be used along with
naphthalene dicarboxylic acid or naphthalene
dicarboxylate ester are isophthalic acid, terephthalic
acid, dimethyl terephthalate, and dimethyl isophthalate.

One aspect of this invention concerns the amount of
2,6— or 2,7-naphthalenediyl modification necessary for a
given dicarboxylic acid or dicarboxylic acid combination
to result in a polymer having a Tg above 89°C. 1In
general, the amount of 2,6— or 2,7-naphthalenediyl
modificationIWill'decrease in the order: aliphatic > .
cycloaliphatic > aromatic. Increasing the chain length

PCT/US94/07850
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of an aliphatic acid will result in a corresponding
decrease in Tg, thus, requiring a higher level of
naphthalenic modification.

The diol component, component (c), of the
sulfopolyester consists of a diol selected from suitable
aliphatic diols, cycloaliphatic diols, aromatic diols
and combinations thereof. The aliphatic diols
preferably have 2 to 20 carbon atoms, and the cyclo-
aliphatic diols preferably have 6 to 20 carbon atoms.
The diol component may also include mixtures of diols.
Included within the class of aliphatic diols are
aliphatic diols having ether linkages such as polydiols
having 4 to 800 carbon atoms. Suitable diols include:
ethylene glycol, diethylene glycol, triethylene glycol,
1,2-propanediol, 1,3-propanediol, 2,4—dimethyl-2—
ethylhexane-1,3—diol, 2,2-dimethyl-1,3—propanediol,
2—ethyl-2-butyl-1,3-propanediol, 2-ethyl-2-isobutyl-1,3-
propanediol, 1,4-butanediol, 1,5-pentanediol,
1,6-hexanediol, 2,2,4-trimethyl-1,6-hexanediol,
thioethanol, 1,2-cyclohexanedimethanol, 1,3-cyclo-
hexanedimethanol, and 1,4-cyclohexanedimethanol.
Preferably, the diol(s) are ethylene glycol, combina—
tions of ethylene glycol with diethylene glycol,
combinations of diethylene glycol with 1,4-cyclohexane—
dimethanol, combinations of ethylene glycol with
1,4—cyclohexanedimethanol, and combinations of ethylene
glycol or diethylene glycol with a variety of suitable
co—diols. The particular combination of diols is
stipulated only by the requirements that the final
product possess a Tg equal to or greater than 89°cC.

‘while maintaining water—dispersibility.

An aspect of the present invention concerns the
effect of diol chain length on the Tg of the resulting
product. The structures: HO-CH,~(CH,) —OH and

PCT/US94/07850
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HO—(OCH,—CH,) ,—OH refer to the homologous series’ of
diols that are composed of methylene and oxyethylene
subunits. Values of n for HO—CH,~(CH,),—OH are normally
in the range from 1 to 12. As n increases the Tg for a
resulting homopolyester resin is decreased accordingly.
Therefore, modification of essentially a sulfonate—
containing poly(ethylene naphthalene dicarboxylate)
requires proportionately smaller molar amounts of
co—diol as n increases. A similar trend is observed
when n increases from one (diethylene glycol) to about
10 for oxyethylene glycols. ’

In the case of HO—(OCH,—CH,),—OH, referred to as
poly(ethylene glycol) or PEG, the value of x will be 10
to 50, preferably about 20, which translates into a PEG
monomer molecular weight of at least 500, preferably
about 1000. Typically less than 5 mole percent of PEG
incorporation, based on total diol, will be used since a
Tg of greater than 89°C. is required. One advantage of
high molecular weight PEG modification is the ability to
attain higher molecular weights without losing
water—dispersibility. It is important to note that high
sulfomonomer levels result in high process melt
viscosities which limit the molecular weight attainable
in the melt phase. A low molecular weight determined by
an inherent viscosity measurement of less than 0.1 dl g
may result in poor physical properties such as low Tg
and inadequate tensile strength.

The difunctional sulfomonomer, component (d), of
the sulfopolyester may be a dicarboxylic acid or an
ester thereof containing a metal sulfonate group
(—s037 ), a diol containing a metal sulfonate group, or
a hydroxy acid containing a metal sulfonate group.
Suitable metal cations of the sulfonate salt may be Na®,
Li*, k%, Mg**, ca**, Ni**, Fe**, Fe*™, zn** and

PCT/US94/07850
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substituted ammonium. The term "substituted ammonium"

refers to ammonium substituted with an alkyl or hydroxy
alkyl radical having 1 to 4 carbon atoms. It is within
the scope of this invention that the sulfonate salt is

non-metallic and can be a nitrogenous base as described
in U. s. Patent 4,304,901 which is incorporated herein

by reference.

The choice of cation will influence the
water—dispersibility of the resulting polyester.
Monovalent alkali metal ions yield polyesters that are
less readily dissipated by cold water and more readily
dissipated by hot water, while divalent and trivalent
metal ions result in polyesters that are not ordinarily
easily dissipated by cold water but are more readily
dispersed in hot water. Depending on the end use of the
polymer, either of the different sets of properties may
be desirable. It is possible to prepare the
sulfopolyester using, for example, a sodium sulfonate
salt and later by ion—exchange replace this ion with a
different ion, for example, calcium, and thus alter the
characteristics of the polymer. 1In general, this
procedure is superior to preparing the polymer with
divalent salts inasmuch as the sodium salts are usually
more soluble in the polymer manufacturing components
than are the divalent metal salts. Polymers containing
divalent and trivalent metal ions are normally less
elastic and rubber—like than polymers containing
monovalent ions.

The difunctional sulfomonomer contains at least one
sulfonate group attached to an aromatic nucleus wherein
the functional groups are hydroxy, carboxy or amino.

 Advantageous difunctional sulfomonomer components are .

those wherein the sulfonate salt group is attached to an
aromatic acid nucleus such as benzene, naphthalene,
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diphenyl, oxydiphenyl, sulfonyldiphenyl or methylene—
diphenyl nucleus. Examples of sulfomonomers include
sulfophthalic acid, sulfoterephthalic acid, sulfoiso—
phthalic acid, 5-sodiosulfoisophthalic acid,
4—sulfonaphthalene—2,7— dicarboxylic acid, and their
esters. Metallosulfoaryl sulfonate which is described
in U.s. Pat. No. 3,779,993, and is incorporated herein
by reference, may also be used as a sulfomonomer.

The sulfomonomer is present in an amount to provide
water—dispersibility to the sulfopolyester. It is
possible to adjust the water—dispersibility of the
sulfopolyester by varying the mole percentage of
sulfomonomer. Preferably, the sulfomonomer is present
in an amount of from 5 to 40 mole percent, more
preferably 8 to 30 mole percent, and most preferably 15
to 25 mole percent, based on the sum of the moles of
total dicarboxylic acid content.

Semi—crystalline and amorphous materials are within
the scope of the present invention. It is to be
understood that the sulfopolyesters of this invention
contain substantially equal molar proportions of acid
equivalents (100 mole%) to hydroxy equivalents (100
mole%). Thus, the sulfopolyester comprised of
components (a), (b), (c), and (d) will have a total of
acid and hydroxyl equivalents equal to 200 mole percent.
The sulfopolyesters have an inherent viscosity of 0.1 to
1.0 dlg, preferably 0.2 to 0.6 dl-g.

A buffer is preferably added to the compositions of
the present invention. Buffers and their use are well
known in the art and do not require extensive
discussions. Preferred buffers include sodium acetate,
potassium acetate, lithium acetate, sodium phosphate
monobasic, pctasSium phosphaté dibasic and sodium -
carbonate. The buffer is present in an amount of up to

PCT/US94/07850
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0.2 moles per mole of difunctional sulfomonomer.
Preferably, the buffer is present in an amount of about
0.1 moles per mole of difunctional sulfomonomer.

The sulfopolyesters can be prepared by conventional
polycondensation procedures well-known in the art. Such
processes include direct condensation of the
dicarboxylic acids with the diol(s) or by ester
interchange using lower alkyl esters. For example, a
typical procedure consists of two stages. The first
stage, known as ester—interchange or esterification, is
conducted in an inert atmosphere at a temperature of
175°C. to 240°C. for 0.5 to 8 hours, preferably 1 to 4
hours. The diols, depending on their particular
reactivities and the specific experimental conditions
employed, are commonly used in molar excesses of 1.05 to
2.5 per mole of total dicarboxylic acid.

The second stage, referred to as polycondensation,
is conducted under reduced pressure at a temperature of
230°C. to 350°C., preferably 265°C. to 325°C., and more
preferably 270°C. to 290°C. for 0.1 to 6 hours,
preferably 0.25 to 2 hours. Because high melt
viscosities are encountered in the polycondensation
stage, it is sometimes advantageous to employ
temperatures above 300°C. since the resulting decrease
in melt viscosity allows somewhat higher molecular
weights to be obtained. sStirring or appropriate
conditions are employed in both stages to ensure
sufficient heat transfer and surface renewal for the
reaction mixture. The reactions of both stages are
facilitated by appropriate catalysts which are well
known in the art. Suitable catalysts include, but are
not limited to, alkoxy titanium compounds, alkali metal
hydroxides and alcoholates, salts of organic carboxylic
acids, alkyl tin compounds and metal oxides. '
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The sulfopolyesters of this invention are useful as
adhesives, coating materials, sizes, laminated products,
agueous printing inks, and films. Particular utility is
found in applications where increased abrasion ‘
resistance, inherent higher temperature process
conditions, and improved blocking resistance are
required.

: The materials and testing procedures used for the
" results shown herein are as follows:

CARBOWAX 600 is a trademark for a polyethylene
glycol having a number average molecular weight (Mn) of
600 daltons.

Glass transition temperature (Tg) was determined
using a differential scanning calorimeter (DSC).

Inherent viscosity (I.V.) was measured at 23°C.
using 0.50 grams of polymer per 100 ml of a solvent
consisting of 60% by weight phenol and 40% by weight
tetrachloroethane.

The process of the present invention will be
further illustrated by a consideration of the following
examples, which are intended to be exemplary of the
invention. All parts and percentages in the examples
are on a weight basis unless otherwise stated.

EXAMPLE 1
Isophthalate—Based Sulfopolyester containing 19 mole%
5—sodiosulfoisophthalate.

A 500 mL flask was equipped with a head having a
nitrogen inlet, a sidearm to allow removal of volatile
materials, and a socket joint to accommodate a stirrer.
The stirrer shaft was inserted through the socket joint
and has a ball joint attached by pressure tubing to the
shaft, which provides a vacuum seal. The flask is
charged with 29.1 grams (0.15 moles)



10

15

20

25

30

WO 95/03349 PCT/US94/07850

dimethylisophthalate, 61.0 grams (0.25 moles)‘
dimethyl-2, 6—naphthalene dicarboxylate, 29.6 grams

(0.1 moles) dimethyl-5-sodiosulfoisophthalate, 66.2
grams (0.46 moles) 1,4—éyclohexanedimethanol, 9.3 grams
(0.15 moles) ethylene glycol, 0.82 grams (0.01 moles)
sodium acetate, and 0.45 mL of a 1.46% (w-w) solution of
titanium(IV)isopropoxide in n-butanol. After the
reactants were purged with nitrogen the flask was
immersed in a Belmont metal bath preheated to 200°C. for
two hours with stirring under a gentle sweep of inert
gas. The temperature of the bath was raised to 215°cC.
and the reaction allowed to continue for an additional
two hours to complete the transesterification stage.

The bath temperature was increased from 215°C. to 280°C.
and the nitrogen purge was replaced with a vacuum of

< 0.5 mm Hg. The flask was heated for about 10 minutes
under the reduced pressure before the viscosity of the
molten material exceeded the capacity of the stirrer to
provide adequate surface renewal. At this time the
flask was removed from the metal bath and the vacuum was
assuaged with a nitrogen sparge.

After the polymer had cooled to room temperature it
was removed from the flask. Analysis of the polymer
indicated that the diol component consisted of
approximately 85 mole% 1,4—cyclohexanedimethanol and
approximately 15 mole% diethylene glycol. The test
results are summarized in Table I.

EXAMPLE 2
Terephthalate—Based Water-Dispersible Polyester
Containing 20 Mole% 5-Sodiosulfoisophthalate
The apparatus and procedufe used is described in
Example 1. The amounts of reactants were initially
charged to the flask: 29.1 grams (0.15 moles)
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dimethylterephthalate, 61.0 grams (0.25 moles) dimethyl—
2,6—naphthalenedicarboxylate, 29.6 grams (0.1 moles)
dimethyl-5-sodiosulfoisophthalate, 66.2 grams

(0.46 moles) 1,4—cyclohexanedimethanol, 9.3 grams

(0.15 moles) ethylene glycol, 3.0 grams (0.005 moles)
CARBOWAX 600, 0.52 grams (0.01 moles) sodium acetate,
and 0.46 mL of a 1.46% (wrw) solution of

titanium(IV) isopropoxide in n-butanol. The
transesterification stage was conducted at 200°C. for
two hours and 215°C. for two hours with the continuous
removal of methanol by distillation. The second stage,
also known as the polymerization stage, was performed at
a reduced pressure between 0.05 to 0.5 mm Hg at a
temperature of 280°C. for ten minutes.

Analysis of the polymer indicated that the diol
component consisted of approximately 88 mole%
1,4-cyclohexanedimethanol, approximately 11 mole%
diethylene glycol, and 1 mole% CARBOWAX 600 (trademark).
The test results are summarized in Table I.

EXAMPLE 3
(Comparative) No Naphthalene Modification
The apparatus and procedure used is described in
Example 1. A polyester was prepared with 81 mole%
isophthélic acid, 19 mole% 5-sodiosulfoisophthalate and
a diol mix of 86 mole% 1,4-cyclohexanedimethanol,
12 mole% ethylene glycol, and 2 mole% diethylene glycol.

The test results are summarized in Table I.

EXAMPLE 4
Efficacy of Naphthalene Modification
" "The apparatus and procedure used is described in
Example 1. A polyester was prepared with 29 mole%
isophthalic acid, 52 mole% dimethyl-2,6-naphthalene—
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dicarboxylaté, 19 mole% 5—sodiosulfoisophthaléte and a
diol mix of 87 mole% 1,4-—cyclohexanedimethanol, 10 mole%
ethylene glycol, and 3 mole% diethylene glycol. The
test results are summarized in Table I.

EXAMPLE 5
Relationship of Aliphatic Acid Modification to Tg.

The apparatus and procedure used is described in
Example 1. A polyester was prepared with 5 mole%
sebacic acid, 77 mole% dimethyl-2,6-naphthalene—
dicarboxylate, 18 mole% 5-sodiosulfoisophthalate and a
diol mix of 94 mole% ethylene glycol and 6 mole%
diethylene glycol. The test results are summarized in
Table I.

EXAMPLE 6
Relationship of Aliphatic Acid Modification to Tg.

The apparatus and procedure used is described in
Example 1. A polyester was prepared with 13 mole%
sebacic acid, 69 mole% dimethyl-2,6—-naphthalene—
dicarboxylate, 18 mole% 5-sodiosulfoisophthalate and a
diol mix of 95 mole% ethylene glycol and 5 mole%
diethylene glycol. The test results are summarized in
Table I.

EXAMPLE 7
Relationship of Aliphatic Acid Modification to Tg.

The apparatus and procedure used is described in
Example 1. A polyester was prepared with 2 mole%
succinic acid, 79 mole% dimethyl-2,6—naphthalene—
dicarboxylate, 19 mole% 5-sodiosulfoisophthalate and a

. diol component of ethyléne glycol. The test results are

summarized in Table I.
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, EXAMPLE 8
Relationship of Aliphatic Acid Modification to Tg.

The apparatus and procedure used is described in
Example 1. A polyester was prepared with 10 mole%
succinic acid, 71 mole% dimethyl-2,6—-naphthalene—
dicarboxylate, 19 mole% 5-sodiosulfoisophthalate and a
diol component of ethylene glycol. The test results are
summarized in Table I.

Examples 5 to 8 illustrate how the molar amount of
incorporation and chain length of an aliphatic acid
lowers the Tg of a polymer based on naphthalene units.

EXAMPLES 9-10

Effect of PEG Incorporation on IV and Tg

The apparatus and procedure used is described in
Example 1. Two polyesters containing approximately 21
mole% 5-sodiosulfoisophthalate and approximately 80
mole% 1,4—cyclohexanedimethanol are modified with 0.3
and 1.7 mole% of a polyethylene glycol having a
molecular weight of 1000 daltons, respectively. The
inherent viscosity increased from 0.28 to 0.31 with a
concomitant decrease in Tg from 110 to 105°C. The test
results are summarized in Table I.

EXAMPLES 11-12
Effect of SIP Level on Tg
The apparatus and procedure used is described in
Example 1. Two polyesters differing only in amount of
SIP level are determined to have Tg’s of 98 and 100°C.
for SIP levels of 15 and 20 mole%, respectively. The
amounts and test results are summarized in Table I.

PCT/US94/07850
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. EXAMPLES 13-14
Importance of Diol Component Identity to Tg
The apparatus and procedure used is described in
Example 1. Two polyesters containing different diol.
ratios of DEG/EG are compared which shows the critical
nature of the diol component to Tg. The ratios and test
results are summarized in Table I.

EXAMPLES 15-17

Relationship of Aliphatic Glycol Modification to Tg

The apparatus and procedure used is described in
Example 1. Examples 15-17 illustrate that both the
molar amount of incorporation and chain length of an
aliphatic glycol affects the Tg of a particular
composition. The amount, chain lenth of the glycols and
test results are summarized in Table I.
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In Examples 18-27, a parallel plate mechanical
spectrometer was used to determine the melt viscosities
at 275°C. over a range of frequencies. An Instron
capillary rheometer was used to obtain melt viscosity

5 data for Examples 27 and 28 at 275°C. over a range of

shear rates.

EXAMPLES 18 and 19
Examples 18 and 19 indicate that incorporation of
10 napthalenediyl units raises the Tg of an all
.isophthalate composition, but results in a lower melt
viscosity even though the level of SIP is higher for the
modified system. The compositional and characterization
data for the polyesters used in the melt viscosity
15 determinations are provided in Table II.

EXAMPLES 20 and 21
Examples 20 and 21 indicate that a
isophthalatesnaphthalate system may have a significantly
20 higher molecular weight and lower melt viscosity than an
all-naphthalate composition without significantly
lowering the Tg. The compositional and characterization
data for the polyesters used in the melt viscosity
determinations are provided in Table II.
25
EXAMPLES 22 and 23
Examples 22 and 23 indicate that even small amounts
of incorporated aliphatic acids yield a composition with
a high Tg and reduced melt viscosity. The compositional
30 and characterization data for the polyesters used in the
melt viscosity determinations are provided in Table II.
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EXAMPLES 24 and 25

Examples 24 and 25 indicate that the modified
systems have lower melt viscosities at much higher
molecular weights. In addition, the all—naphthalene.
composition contains predominately EG while the modified
composition is mainly CHDM; normally CHDM results in a
higher melt viscosity than EG. The compositional and
characterization data for the polyesters used in the
melt viscosity determinations are provided in Table II.

EXAMPLES 26 and 27

Examples 26 and 27 are comparative examples which
indicate that increasing the cycloaliphatic diol (i.e.,
CHDM) content, while decreasing the glycol ether (i.e.,
DEG) content, results in a higher melt viscosity. The
compositional and characterization data for the
polyesters used in the melt viscosity determinations are
provided in Table II.
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TORQUE DATA (Temperature
EXAMPLE 18 (Control):
Viscosity

(Pascal—second)
708.1

702.4
697.0
690.8
684.6
675.5
663.5
648.0
627.8
601.4
566.5
524.7
477.1
428.1

EXAMPLE 19:
Viscosity

(Pascal—second)
553.4

551.1
545.5
543.6
540.6
537.2
532.3
525.4
516.2
502.8
483.4
457.3
425.4
390.8

- 22 —

= 275 +/— 1°C.)

Frequency
(radianssecond)
1.0

1.6
2.5
4
6
10
16
25
40
63
100
159
251
398

Fregquency

(radianssecond)
1.0

1.6

2.5
4
6
10
16
25
40
63
100
159
251
398
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EXAMPLE 20:
Viscosity

(Pascal—-second)
930.0

923.6
914.0
910.9
901.7
889.2
870.5
847.4
817.5
779.0
729.3
670.2
605.7
541.0

EXAMPLE 21 (Control):

Viscosity

(Pascal—second)
3009.4

2640.0
2302.0
2039.0
1824.0
1646.0
1496.0
1366.0
1250.0
1142.0
1031.0

923.8

820.5

728.6

- 23 —

Frequency

(radianssecond)
1.0

1.6
2.5
4
6
10
16
25
40
63
100
159
251
398

Frequency

(radianssecond)
1.0

1.6

2.5
4
6
10
16
25
40
63
100
159
251
398
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EXAMPLE 22:
Viscosity

(Pascal-second)
417.0

405.7
391.9
375.2
360.8
347.4
334.9
323.3
312.4
301.8
290.3
276.8
261.1
243.0

EXAMPLE 23 (Control):
Viscosity

(Pascal—second)
773.0

770.6
766.8
761.2
753.2
743.7
729.8
711.4
687.2
655.0
614.0
565.4
511.8
457.5

-_ 24 —

Frequency

(radian-second)
1.0

1.6
2.5
4
6
10
16
25
40
63
100
159
251
398

Frequency

(radianssecond)
. 1.0

1.6

2.5
4
6
10
16
25
40
63
100
159
251
398
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EXAMPLE 24:
Viscosity

(Pascal-second)
4067.0

3965.0
3839.0
3690.0
3522.0
3326.0
3095.0
2831.0
2537.0
2228.0
1915.0
1615.0
1344.0
1117.0

EXAMPLE 25 (Control):
Viscosity

(Pascal—second)
5742.0

5634.0
5485.0
5286.0
5026.0
4692.0
4292.0
3843.0
3370.0
2891.0
2427.0
2001.0
1632.0
1335.0

- 25 —

Frequency

(radianssecond)
1.0

1.6

2.5

4

6
10
16
25
40 .
63
100
159
251
398

Frequency

(radianssecond)
1.0

1.6
2.5
4
6
10
16
25
40
63
100
159
251
398
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EXAMPLE 26:
Viscosity Shear Rate
(Pascal-second) (second)"1
650.0 4.5
620.0 15
615.0 45
480.0 150
420.0 450
270.0 1500
EXAMPLE 27: '
Viscosity Shear Rate
(Pascal—second) (s:—:acond)‘1
210.0 4.5
220.0 15
215.0 45
170.0 150
150.0 450
120.0 1500

The results from Examples 18 to 28 indicate that
the melt viscosity of high Tg water—dispersible
polyesters based on naphthalenediyl modification have
lower melt viscosities than compositions having only
napthalenediyl units. The compositions modified with
naphthalenediyl units also have lower melt viscosities
than the higher Tg water—dispersible polyesters
comprised of isophthaloyl units. Thus, compositions
containing isophthalate and naphthalenediylic units
retain a high Tg, however, particular compositions
having a given Tg will have lower melt viscosities than
compositions possessing only naphthalenediyl units at

* the same given Tg. In addition, compositions based on

only isophthaloyl units having Tg values in the 80°C. to
89°C. range also have higher melt viscosities than the
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compositions containing both isophthalate and
naphthalenediyl units.
Many variations will suggest themselves to those
skilled in this art in light of the above detailed
5 description. All such obvious modifications are within
the full intended scope of the appended claims.
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WHAT IS CLAIMED IS:
1. A water—dispersible sulfopolyester having a glass

transition temperature of greater than 89°C. and low

melt viscosity consisting essentially of repeat units

from:
(a)

(b)

(c)
()

10 to 93 mole percent of a dicarboxylic
acid selected from the group consisting
of naphthalene-2,6—dicarboxylic acid,
naphthalene-2, 7—dicarboxylic acid,
naphthalene-2, 6—dicarboxylate ester and
naphthalene—-2,7-dicarboxylate ester;

2 to 85 mole peréent.of a dicarboxylic
acid selected from the group consisting
of aromatic dicarboxylic acids, saturated
aliphatic dicarboxylic acids, cyclo—
aliphatic dicarboxylic acids, and

combinations thereof;

a diol; and

a difunctional sulfomonomer containing at
least one sulfonate group attached to an
aromatic nucleus wherein the functional
groups are hydroxy, carboxy or amino,
provided the difunctional sulfomonomer is
present in an amount from 5 to 40 mole
percent based on 100 mole percent
dicarboxylic acid and 100 mole percent
diol.

2. A water—dispersible sulfopolyester having a glass

transition temperature of-greater than 89°C. and low

melt viscosity consisting essentially of repeat units

- from:

(a)

10 to 93 mole percent of a dicarboxylic
‘acid selected from the group consisting
of naphthalene-2,6—dicarboxylic acid,
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naphthalene—2,7—dicarboxylic acid,
naphthalene—2,6—dicarboxylate ester and
naphthalene—2,7—dicarboxylate ester;

(b) 2 to 85 mole percent of a dicarboxylic
acid selected from the group consisting
of aromatic dicarboxylic acids, saturated
aliphatic dicarboxylic acids,
cycloaliphatic dicarboxylic acids, and
combinations thereof;

(¢c) a diol wherein 0.1 to 5 mole percent of
the diol is a polymeric diol having the
formula HO—(OCH,—CH,),—OH, wherein x is
10 to 50; and

(d) a difunctional sulfomonomer containing at
least one sulfonate group attached to an
aromatic nucleus wherein the functional
groups are hydroxy, carboxy or amino,
provided the difunctional sulfomonomer is
present in an amount from 5 to 40 mole
percent based on 100 mole percent
dicarboxylic acid and 100 mole percent
diol.

3. A water—dispersible sulfopolyester having a glass
transition temperature of greater than 89°C. and low
melt viscosity consisting essentially of repeat units
from:

(a) 10 to 93 mole percent of a dicarboxylic
acid selected from the group consisting
of naphthalene-2,6—dicarboxylic acid,
naphthalene-2,7—dicarboxylic acid,
naphthalene—2,6—dicarboxylate ester and
naphthalene—2,7—dicarboxylaté ester;

(b) 2 to 85 mole percent of a dicarboxylic
acid selected from the group consisting



WO 95/03349 PCT/US94/07850

10

15

20

25

- 30

" 35

- 30 —

of aromatic dicarboxylic acids, saturated
aliphatic dicarboxylic acids, cyclo-
aliphatic dicarboxylic acids, and
combinations thereof;

(c) a diol wherein 0.1 to 5 mole percent of
the diol is a polymeric diol having the
formula HO—(OCH,—CH,),—OH, wherein x is
10 to 50; and

(d) a difunctional sulfomonomer containing at
least one sulfonate group attached to an
aromatic nucleus wherein the functional
groups are hydroxy, carboxy or amino,
provided the difunctional sulfomonomer is
present in an amount from 5 to 40 mole
percent based on 100 mole percent
dicarboxylic acid and 100 mole percent
diol;

wherein the sulfopolyester is prepared using a buffer in
an amount of 0.001 to 0.2 moles per mole of difunctional

sulfomonomer.

4. The sulfopolyester of Claim 1 wherein the
sulfopolyester is prepared using a buffer in an amount
of 0.001 to 0.2 moles per mole of difunctional

sulfomonomer.

5. The sulfopolyester of Claim 4 wherein the buffer is
selected from the group consisting of sodium acetate,
potassium acetate, lithium acetate, sodium phosphate
monobasic, potassium phosphate dibasic and sodium

carbonate. .

6. The sulfopolyester of Claim 1 wherein the diol -
component is a mixture of ethylene glycol and diethylene
glycol.
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7. The sulfopolyester of Claim 1 wherein the diol
component is a mixture of diethylene glycol and
1,4—cyclohexanedimethanol.

8. The sulfopolyester of Claim 1 wherein the
difunctional sulfomonomer component is selected from the
group consisting of sulfophthalic acid, sulfotere-
phthalic acid, sulfoisophthalic acid, 4-sulfo-
naphthalene—2,7—dicarboxylic acid, and esters thereof.

9. The sulfopolyester of Claim 1 wherein the
difunctional sulfomonomer is preéent in an amount from
15 to 25 mole percent based on 100 mole percent
dicarboxylic acid and 100 mole percent diol.
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