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HIGH-STRENGTH FILMS OF BLOCK COPOLYMER LATICES

The present invention relates to high-strength films prepared from aqueous
dispersions of biock copolymers of vinyl aromatic monomers and conjugated dienes.

Block copolymers of the conventional A-B-A type form strong films when cast
from solutions in organic solvents. The use of aqueous dispersions or latices to form films or
articles of intricate design is preferred to the use of casting from solutions because no
objectionable fumes are released during the drying step. However, films of comparable
thickness prepared by casting from their aqueous dispersions or latices are generally weak. To
improve the strength of such films, U.S. Patent 3,360,599 taught the use of an annealing
procedure. Disadvantageously, this annealing procedure requires elevated temperatures
and/or long annealing times. As a consequence, the resulting films often have inferior strength
properties, due to polymer degradation, and/or the time required for film formation is
unacceptably iong. U.S. Patent 4,199,490 taught the addition of a second agueous dispersion
comprising a rubber, synthetic resin or a mixture thereof to enable the formation of films upon
drying at room temperature. In the absence of such additive, the block copolymer dispersion
did not possess adequate film forming properties at moderate or low temperatures. in U.S.
Patent 3,238,173, there was disclosed the preparation of concentrated aqueous dispersions by
contacting the dilute latex with an aliphatic hydrocarbon that is a non-solvent for the
non-elastomeric block, removing the hydrocarbon and concentrating the latex. The use of such
non-solvents is undesirable, due to the added complexity of the process and the presence of
residual organic contaminants in the resulting films.

Accordingly, there remains a need to provide films prepared from aqueous
dispersions of biock copolymers having improved strength properties. In addition, it would be
desirable to provide a process capable of preparing strong films from agueous latices of block
copolymers that uses relatively short times and mild temperature conditions for the annealing
step to thereby avoid significant polymer degradation. Finally, it would be desirable to provide
a process for the preparation of thin elastomeric articles by film deposition from a block
copolymer latex that avoids the use of additives.

Accordingly, the present invention comprises an aqueous dispersion which is
capable of forming a coherent, elastomeric, solid film which, after drying and annealing at
80°C for 30 minutes, demonstrates a tensile strength of about 11.0 MPa or greater wherein the
dispersion comprises ‘

(a) one or more block copolymer(s) corresponding to the formula

A-B-Xm-(B-A)_

-1-
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wherein each A is a polymer block consisting essentially of a monovinylidene aromatic
monomer and, optionally, a conjugated diene, each B is a polymer block consisting essentially
of a conjugated diene, X is the remnant of a multifunctional coupling agent, misOor 1, and nis
an integer from 1 to 5, each monovinylidene aromatic monomer block having a weight
average molecular weight from 8,000 to 15,000 Daltons, each conjugated diene block having a
weight average molecular weight from 50,000 to 200,000 Daltons,

(b) water,

() optionally, a diluent for the block copolymer which is compatible with the

B block, and
(d)  asurfactant in sufficient amount to emulsify A and Cin water and such that
a film formed from the emulsion exhibits the required properties,
wherein the average A content of the hydrocarbon phase is from 5 to 25 percent by weight and
the A block effective phase volume in the hydrocarbon phase is from 10 to 18.5 percent
wherein the amount of diluent present is sufficient to achieve the desired effective phase
volume of the A block and the required film properties.

in one preferred embodiment, the present invention comprises an aqueoﬁs
dispersion of a block copolymer, a process for preparing a coherent, elastomeric film from such
aqueous dispersions, and the resulting films. The block copolymer corresponds to the formula:

() A-B-Xm-(B-A),
wherein each A is a polymer block of a monovinylidene aromatic monomer, each B is a polymer
block of a conjugated diene, X is the remnant of a multifunctional coupling agent, misQor 1,
and nis an integer from 1 to 5, each monovinylidene aromatic monomer block having a weight
average molecular weight from 5,000 to 20,000 Daltons, each conjugated diene block having a
weight average molecular weight from 40,000 to 240,000 Daltons, the total A content being
from 5 to 25 percent by weight of the block copolymer, and said A block having an effective
phase volume from 10 to 18.5 percent of the block copolymer.

In another embodiment, the invention comprises a high-strength film comprising
the block copolymer described above, optionally, the diluent described hereinbefore and a
residual amount of the surfactant described hereinbefore, wherein the film exhibits a tensile
strength at break of about 11.0 MPa or greater after annealing at 80°C for 30 minutes.

In yet another embodiment, the invention comprises a process for preparing a
film which comprises (1) forming an aqueous dispersion from the block copolymer, water,
diluent and surfactant as described hereinbefore, (2) depositing a coating of the aqueous
dispersion to form a film, and (3) annealing the film under conditions such that the film
exhibits tensile strength at break of about.11.0 MPa or greater after annealing at 80°C for

30 minutes. The invention also comprises films prepared by the process described.
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Surprisingly, such block copolymers readily form thin films by deposition onto
solid surfaces from an aqueous dispersion. Such films may be dried to form coherent,
elastomeric, solid film articles having high annealed strength properties using short annealing
times and mild annealing temperatures. Exampies of such articles include surgical gloves,
examination gloves, condoms, catheters, balloons and other thin elastomeric articles. fa
tackifier and optionally other formulants known to one skilled in the art are combined with the
block copolymer, films having adhesive properties may also be prepared. Such films may be
deposited onto a thin, flexible substrate for use as pressure sensitive tapes, packaging tapes,
masking tapes and labels.

It has been discovered that by careful selection of the block copolymer and the
total volume of the polystyrene phase, stable aqueous emulsions can be prepared which form
strong films. In selecti'ng appropriate block copolymers, the weight average molecutar weight
of the monovinylidene aromatic monomer block must be within the limits defined herein. If |
the chain length is too high, the annealing time required to form a high-strength film becomes
unacceptably long. If the endblock length is too low, the films prepared do not exhibit
acceptable tensiie strengths. The totai volume of the monovinylidene aromatic monomer
(block A) phase is important in that if the volume of the monovinylidene aromatic monomer
phase is too high, stable emulsions cannot be formed using a relatively low amount of
surfactants. If the A block phase volume is too low, the films prepared from the block
copolymers will not exhibit the required tensile strengths.

Both linear and radial block copolymers are suitably employed in the invention.
Most preferably, however, the block copolymers are tribiock copolymers, that is, nin formula (1)
isequal to 1.

The block copolymers may be partially tapered, fully tapered or untapered
polymers. By the term “tapered” is meant that the B block changes gradually from diene rich
or pure diene homopolymer in the center to include increasing proportions of monovinylidene
aromatic monomer in a gradual conversion towards the junction of the monovinylidene
aromatic block of the block copolymer and terminates in pure homopolymer of the
monovinylidene aromatic monomer (the A block). The conversion may be symmetrical or
unsymmetrical with respect to the center of the B block. Triblock copolymers possessing
taperness at only one junction are referred to as “half-tapered” polymers.

Preferable monovinylidene aromatic monomers for use herein include styrene
and alky! substituted derivatives of styrene. Examplesinciude styrene, a-methylstyrene, vinyl
and toluene. A more preferred monovinylidene aromatic monomer is styrene. Conjugated
dienes suitably employed in the present invention include 1,3-butadiene, isoprene or mixtures
thereof. Preferably, the conjugated dieneisisoprene. Preferably, the amount of
monovinylidene aromatic monomer in the hydrocarbon phase is from 10 percent to 20 percent

by weight. Preferably, the monovinylidene aromatic monomer block has a weight average
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molecular weight from 8,000 to 15,000 Daltons, and the conjdgated diene block has a weight
average molecular weight from 50,000 to 120,000 Daltons. In the embodiment where the

block copolymer isin radial form, the diene blocks’ weight average molecular weight can range
from 50,000 to 240,000 Daltons. Most preferably, the monovinylidene aromatic poiyme’r block
has an effective phase volume from 12 to 18.5 percent of the hydrocarbon phase. Hydrocarbon
phase as used herein refers to all of the hydrocarbon based materials in the emulsion, except
the surfactant. Such materials include the block copolymers and any optional diluent.

A blend of two or more block copolymers may be used in this invention. All of the
block copolymers used preferably have A blocks which have weight average molecular weights
in the range of from 8,000 to 15,000. The composition weighted average styrene content of
the blended copolymers is preferably from 5 to 25 percent by weight. One or more of the
components may have a styrene content outside of the stated range, provided the average is
within the stated range. In the embodiment wherein one of the block copolymersinsuch a
blend has a styrene content above 25 weight percent, itis preferred that the styrene content be
about 35 weight percent or less and, more preferably, about 30 weight percent or less.
Preferably, the total amount of block copolymer having a styrene content above about
25 percent by weight is about 35 percent by weight or less and, more preferably, about 30
percent by weight or less. The block copolymers can be blended in bulk and thereafter
emulsified. Optionally, the block copolymers may be emulsified separately and the emulsions
can be blended. Methods of biending the bulk block copolymers or agueous emuisions of the
block copolymers are well-known in the art.

In some embodiments of the invention, the one or more block copolymers may
have an effective phase volume of the A block which is greater than desired. In order to reduce
the phase volume of the A block, a diluent may be blended with the block copolymer to reduce
the effective phase volume of the A block in the hydrocarbon phase to the required or desired
ievel. Diluents useful in the invention are materials which are compatible with the B block, that
is, such diluents are soluble in the B block or form a single phase with the B block when the
diluent is mixed with one or more block copolymers. Further, useful diluents do not degrade
the properties of the films prepared from the aqueous emuisions of the invention such that the
tensile strengths are less than 11.0 MPa when the films are annealed at 80°C for 30 minutes.
Among preferred diluents are hydrocarbon oils, naphthenic oils, polymers or oligomers derived
from monomers having olefinic unsaturation compatibie with the B block, or mixtures thereof.

More preferred diluents are the hydrocarbon and naphthenic oils with the most preferred class

of diluents being the hydrocarbon oils. The preferred hydrocarbon and naphthenic oils are

selected according to the ultimate end use and the cost of such oils. Among preferred oils are
Tufflo™ 6056 mineral oil (trademark of Atlantic Richfield Company) and Shellfiex™ 371 mineral
oil (trademark of Shell Oil Company). The preferred polymers useful as diluents inciude

polyisoprene, polybutadiene, polyethylene vinyl acetate, polyethylene methacrylate,
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ethyiene-propylene diene monomer based polymers, styrene butadiene random copolymers
and ethylene-styrene copolymers. Most preferred polymers include polyisoprene and
polybutadiene. The diluents are present in sufficient amount to achieve the desired effective
phase volume of the A block. If too much diluent is used, the films prepared from the agueous
emulsions would not meet the tensile strengths required. The amount of diluent is preferably
about 45 percent by weight or less of the hydrocarbon phase, more preferably, about

40 percent by weight or less and, even more preferably, about 20 percent by weight or less. If
present, the diluent is present in an amount of about 1 percent by weight or greater of the
hydrocarbon phase.

The diluent can be blended with the block copoiymer in bulk and the blend can
be emulsified. Alternatively, the diluents and block copolymers can be separately emulsified
and the emuilsions can be blended to achieve the desired hydrocarbon phase compbsition. In
yet another embeodiment, the diluent may be added directly to an emulsion of the block
copolymers. Methods of performing such blending are well-known in the art.

To achieve the required hydrocarbon phase composition, a blend of two or more
copolymers and one or more diluents may be used in combination.

Effective phase volume or volume percent of the monovinylidene éromatic
monomer blocks may be less than the weight percent of monovinylidene aromatic monomers
in such copolymers. Especially if one or more of the polymers is tapered, the monovinylidene
aromatic monomer blocks are more compatible and therefore more soluble in the diene
polymer phase of the resulting multiple phase structure compared to pure monovinylidene
aromatic homopolymer blocks. Due to such solubility, the volume of the phase segregated
monovinylidene aromatic polymer is less than the content of such monovinylidene aromatic
monomer expressed by weight. Accordingly, the percentage of the monovinylidene aromatic
monomer block in the block copolymer or hydrocarbon phase, measured as a voiume percent,
is less than the percentage thereof measured by weight. In order to determine the volume
percent of the monovinylidene aromatic polymer block, the corresponding weight percentage
of monovinylidene aromatic monomer is divided by a correction factor. The correction factor is
a value equal to the sum of ratios of each monomer’s content in weight percent divided by the
respective density of a homopolymer of such monomer. For a two component block
copolymer, this may be expressed as follows:

(1) % (vol ) = % (wta)/D,/ (%(Wta)/Dy + %(wWtp)/Dy)

where: %(vol,) 1s the effective phase volume in percent for the monovinylidene aromatic polymer biock;

% (Wt3) ang %(Wtb) are the respective weight percent contents of monovinylidene aromatic
monomer and diene monomer in the block copolymer; and

D, and Dy, are the respective densities of homopolymers, the monovinylidene
aromatic monomer and diene monomer.
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In those embodiments where a diluent is present, the effective phase volume of

the A block in the hydrocarbon phase is represented by formula il
(111) % (voly) = % (Wt )/Da/(%(WiayDa + % (Wip)/Dy+ %(Wtg)/Dy)
where: % (wty) is the weight percent diluent present, and

Dy is the density of the diluent present.

For tapered block copolymers, the above numerator is further multiplied by a
correction factor equal to 1-t (where 1 is the degree of taperness) to account for the isolated
monovinylidene aromatic polymer content. The degree of taperness in the block copolymer is
the percentage of total monovinylidene aromatic polymer units that are isolated. Such isolated
monovinylidene aromatic polymer units are those segments of monovinylidene aromatic
polymer surrounded on both sides by conjugated diene polymer units and are easily
determined by the use of nuclear magnetic resonance spectroscopy as disclosed in Mochel,

Rubber Chemistry and Technology, V 40, p. 1200 (1967). Because such isolated polymer units

do not contribute significantly to the phase represented by the monovinylidene aromatic
polymer biock, tapered block copolymers possess an effective monovinylidene aromatic
polymer phase volume that is significantly less than the weight percent monovinylidene
aromatic monomer content.

At lower monovinylidene aromatic monomer effective phase volumes, especially
for polymers wherein the monovinylidene aromatic monomer block molecular weight is '
relatively low, the tensile properties of the resulting films are unacceptably low. At higher
monovinylidene aromatic monomer effective phase volumes, the dispersion does not readily
form films, especially at mild temperatures from 25°C to 90°C. Moreover, films from such
polymers require longer periods of time under annealing conditions and/or higher annealing
temperatures to achieve maximum tensile strength properties. Such films are subject to
polymer degradation resuiting in films possessing poor tensile properties, especially ultimate
tensile strength.

Suitably, the weight average molecular weight (M) of the block copolymers is
from 60,000 to 240,000 Daltons, more particularly, from 65,000 to 200,000 Daltons and, most
preferably, from 70,000 to 200,000 Daltons. inthe embodiment where the block copolymerisa
radial block copolymer, the weight average molecular weight is preferably about 300,000 or
less. In measuring the molecular weights of copolymers herein, the technique employed is that
of gel permeation chromatography (GPC) using polystyrene standards.

Further preferably, the B block of the block copolymers employed herein
comprises a high 1,4-content polymer of a conjugated diene. By this is meant that the 3,4-vinyl
functionality (or 1,2-vinyl functionality in the case of butadiene) of the resulting conjugated
diene polymer block is preferably below about 10 weight percent for blocks not containing
butadiene or, in the case of blocks comprising butadiene, preferably below about 25 weight

percent.
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ftis believed (but not agreeing to be bound by such belief) that when the
monovinylidene aromatic polymer blocks possess the previously stated effective phase volume,
the monovinylidene aromatic polymer blocks coalesce, thereby causing the polymer matrix to
possess a particulated or spherical morphology instead of a cylindrical or lamellar morphology.
Such morphology is desirable for the formation of films from latexes having good strength
properties and film formation rates. Such morphology as well as the concept of polymer block
phase volume, are disclosed in S. L. Aggarwal, Block Polymers, Plenum Press, p. 102-103, (1970).
It is further believed (but not agreeing to be bound by such belief) that the particulated or
spherical morphology which is present in the A block is the discontinuous phase which
facilitates the formation of stable emulsions and strong films.

Block copolymers and techniques for their preparation are well-known in the art.
Such polymers may be prepared by sequential anionic polymerization utilizing alkyllithium
initiators, such as n-butyllithium and sec-butyllithium. They may also be prepared by coupling
of living block copolymers or by using soluble difunctional lithium initiators such as
1,3-phenylene-bis(3-methyl-1-phenyipentylidene)-bis-(lithium), or similar initiator as disclosed
in U.S. Patent 4,196,154. The block copolymers may be tapered or untapered. Thatis, the
junction between the separate blocks may be gradual or abrupt. Untapered block copolymers
may be formed by completely polymerizing each monomer component before adding the next
block forming monomer to the reaction medium containing the living polymer anion. Tapered
block copolymers may be formed by copolymerizing a mixture of the monomers using the
previously mentioned difunctional initiators. Due to the differing reactivities of the
monomers, a relatively pure diene block initially forms, followed by an intermediate portion of
such polymer containing increasing amounts of interspersed monovinylidene aromatic
polymer, and finally a relatively pure monovinylidene aromatic polymer block.

After polymerization according to one of the foregoing anionic polymerization
techniques, the living polymer anion is terminated by addition of a terminating agent
containing a reactive hydrogen, or coupled by a coupling agent containing multiple leaving
groups. Suitable terminating agents include water, alcohols and carboxylic acids. Suitable
coupling agents include ethylene dibromide, methyiene chloride, carbon tetrachloride, silicon
tetrachloride, and dichlorodimethylisilane. Additional additives can be added to the reaction
mixture before or after the polymerization is completed for purposes of stabilizing the
polymer, preventing discoloration or for any other suitable purpose. The polymerization is
normally conducted in an organic solvent such as hexane, toluene, cyclohexane, benzene or a
mixture thereof.

Surfactants useful in the invention are those which emulsify the block
copolymer(s) and optional diluent in water. Anionic, cationic and nonionic surfactants may be
used, with the anionic and cationic surfactants being preferred. Even more preferred

surfactants are the C; ;.30 saturated and unsaturated carboxylic acids or salts thereof, sulfated
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alkylphenoxypoly(ethyleneoxy)ethanol alkali or ammonium salts and dialky! esters of alkali
metal sulfosuccinic acid (for example Aerosol™ OT dioctyl ester of sodium sulfosuccinic acid,
available from American Cyanamid). Even more preferred are the C. ;.30 saturated and
unsaturated carboxylic acids or salts thereof. Preferred counterions are the alkali metals and
ammonium ions. Among the most preferred surfactants are stearic acid, linoleic acid, linolenic
acid, lauric acid, oleic acid (for example, Industrene™ 105 oleic acid, available from Humko
Chemical), alkali metal salts of disproportionated rosin (for example, Dresenate™ 214
potassium salt of disproportionated rosin, predominantly abietic acid). Preferably, the
surfactants have an HLB of about 15 or greater and, more preferably, an HLB of about 18 or
greater.

The surfactant is present in a sufficient amount to emulsify the bliock copolymer(s)
and optional diluent. If too much surfactant is used to prepare the aqueous emulsions, fitms
prepared from the agueous emulsions will not demonstrate the desired tensile properties. The
reason is that a significant amount of the surfactant will remain in the film which is formed
from the aqueous emulsion. The maximum amount of surfactant useful is‘related to how much
surfactant is retained in the film. More than this amount may be used if the excess portion is
removed prior to film formation or can be leached from the film prior to annealing. Preferably,
about 0.5 percent by weight or more of surfactant is present and, more preferably, 1 percent by
weight or more is present and, even more preferably, about 2 percent by weight or more is
present. Preferably, about 10 percent by weight or less surfactant is used, more preferably,
about 8 percent by weight is used and, even more preferably, about 6 percent by weight or less
is used. Where a portion of the surfactant is removed prior to film formation, up to about
20 percent by weight may be used, provided no more than about 10 percent by weight is
presentin the final film.

To produce an aqueous dispersion (interchangeably referred to herein as an
emulsion or a latex) the polymer, usually in the form of a solution in an organic solvent, is
dispersed in water using a suitable surfactant and the organic solvent is removed. One suitabie
procedure is previously disclosed in U.S. Patent 3,238,173, Emulsification can take place by any
of the well-known means for this purpose and the specific means utilized does not form an
essential aspect of the present invention. In one embodiment, the block copolymer and
optional diluent are dissolved in an organic solvent. in such embodiment, a portion of the
solvent is removed until the solids levei is preferably about 30 percent by weight or greater
and, more preferably, about 40 percent by weight or greater. Preferably, the solids content is
about 50 percent by weigh‘& or less. Thereafter, the block copolymer and optional diluent are
contacted with water and surfactant with agitation to emulsify the mixture. Thereafter, the
remaining solvent is removed by conventional means, such as rotary evaporation or vacuum
distillation. Preferably, the solids level is about 20 percent by weight or greater and more

preferably, about 28 percent by weight or greater. Preferably, the solids level is about
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75 percent by weight or less, more preferably, about 65 percent by weight or less. Generally,
the number average size of the resulting latex particles is less than about 5.0 yM, more
preferably from 0.3 to 2.0 pM. Preferably, the |latex particies (the dispersed polymer particlesin
the aqueous medium) are spherical in shape.

To prepare a film from the latex, a suitable form having a surface in the shape of
the desired resulting product (optionally having a surface coating of a suitable substance to
promote film removal and/or latex deposition as previously known in the art) is coated with the
jatex and the water thereafter removed by evaporation. A preferred |atex for use in the
manufacture of dipped goods in the foregoing manner contains from 20 to 70 weight percent
polymer, more preferably from 25 to 60 weight percent. A second or further layer may be
applied in the same manner to achieve thicker films. The film resulting from the foregoing
procedure may be dried and annealed, if desired, by any suitable technique, especially by
heating. Preferable temperatures for drying and annealing are from 25°Cto 130°C, more
preferably, from 30°C to 120°C and, most preferably, from 50°C to 90°C. Suitable times for
drying and annealing are from 1 minute to 10 hours, preferably from 1 minute to 60 minutes.
At higher temperatures, shorter drying and annealing times are required. The drying and
annealing steps of the process may be conducted simultaneously or separately. For example,
multiple film layers may be deposited and dried before the resulting structure is annealed.

The film thickness is determined by the ultimate use. The desired film thickness
for the uses for which the films of the invention may be used are well-known in the art.
Preferably, the films have a thickness of about .13 mm or greater and, more preferably, about
.20 mm or greater. Preferably, the films are about 3.0 mm or less and, most preferably, about
.30 mm or less. The films of this invention preferably exhibit a tensile strength at break of
about 11.0 MPa or greater after annealing at 80°C for about about 30 minutes. More
preferably, the films exhibit a tensile strength of about 16.5 MPa or greater and, most
preferably, about 22 MPa or greater when annealed under such conditions.

Fiims having adhesive properties may be prepared by incorporating a suitable
tackifier, usually a low molecular weight organic polymer such as a polyterpene or similar
compound, in the film. Additional formulants such as oils may also be added to modify the
adhesive properties of the resulting film. The tackifiers and other formulants may be added to
the polymer solution or incorporated into the latex. The resulting modified latex may be
further concentrated and coated onto a substrate such as a masking tape backing. The
substrate/film combination may thereafter be dried and optionally annealed to form the final
product.

Having described the invention, the following examples are provided as further
illustration and are not to be construed as limiting. Unless stated to the contrary, parts and
percentages are expressed on a weight basis. Effective phase volumes were calculated using

the previously disclosed formulae (It and [l1). For such calculations, the densities of the
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1.01.
Example 1  Films of Styrene/lsoprene/Styrene Block Copolymer
An aqueous dispersion was formed from a cyclohexane solution of a
5  styrene/isoprene/styrene triblock copolymer having My, of 136,000 Daltons, and a styrene
content of 14 weight percent and 12 volume percent (effective phase volume). The surfactant
used was Alipal ™ CO-436 sulfated nonylphenoxypoly(ethyleneoxy) ethanol at a 3 percent by
weight level. Molecular weights were determined by gel permeation chromatography using
polystyrene standards and corrected for diene content. The polystyrene endbiocks had weight
10 average molecular weights of 9,500 Daltons. The polyisoprene block M, was 115,000 Daltons.
The solvent was removed and the dispersion concentrated to 54 percent solids by weight.
Two-layer films were prepared by coating glass slides with the latex, drying the films at room
temperature to remove water and repea;cing the process. The films were separated from the
support and cut into test specimens. The fiims were translucent and had a thickness of about
15 0.25mm. Specimens were tested without annealing and after annealing at 80°C for the times
identified in Table IA. Tensile strengths were evaluated according to ASTM-D-412-80. Samples
were die-cut into dumbbell shapes having gauge length of 25 mm and a width of 3 mm.

Cross-head speed was 50 cm per minute. Results are contained in Table IA.

20 Table 1A
Strength as a Function of Annealing Time
minutes 0 2 8 16
Tensile Strength at Break 0.9 16.9 20.2 203
(MPa)
25

Additional film samples were annealed at reduced temperatures. Results are

contained in Table IB.
Table IB

Strength as a Function of Annealing Temperature-Time

30
Temp. (°C) 40 40 50 50 60 60 70 70
Time (min.) 4 16 4 16 4 16 4 16
Tensile Strength at 1.9 3.7 4.1 9.9 7.8 18.1 | 17.2 188
Break (MPa)
35

As may be seen by reference to the results of Tables IA and 1B, films having good
tensile strength properties, as indicated by tensile strength at break values, can be formed
according to the present invention without the use of additives such as additional copolymer

latices or aliphatic solvents even at relatively low annealing temperatures from 40°C to 80°C.
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Comparative A Films of Block Copolymer Having Relativeiy Long Polystyrene Endbiock
Length

A dispersion was made from a styrenejisoprene/ styrene block copolymer having
M,, of 205,000 Daltons and having a styrene content of 15 weight percent and 13 volume
percent. The polystyrene endblocks had molecular weights of 15,300 Daitons. The
polyisoprene centerblock molecular weight was 174,000 Daltons. The dispersion used in
making the films had a solids content of 54 weight percent. The films were annealed at 80°C
for the times identified in Table Il. Film formation and testing were according to the

techniques of Example 1. Results are contained in Table |l

Table !l

Strength as a Function of Annealing Time

minutes 0 16 60 120 240

Tensile Strength at Break 0.2 1.6 5.4 8.5 9.4
(MPa)

Compared to the resuits of Table |, it may be seen that block copolymers having
longer endblock vinyl aromatic polymer length require longer annealing times and/or higher
annealing temperatures to achieve maximum tensile strengths.

Comparative B Films of Biock Copolymer Having Relatively Short Endblock Length

A dispersion of a styrene-isoprene-styrene block copolymer was prepared asin
Example 1. The triblock copolymer had a M,, of 85,000 Daltons and had a styrene content of 16
weight percent and 15 volume percent. The polystyrene endblock molecular weight was 6800
Daltons. The polyisoprene block moiecular weight was 71,000 Daltons. Film samples were
prepared by deposition onto glass and annealed at 80°C, asin Example 1. Results are contained

in Table 11l
Table lll

Strength as a Function of Annealing Time

minutes 0 4 16 120

Tensile Strength at Break 1.4 5.0 6.7 7.5
(MPa) :
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By comparison with the results of Table |, it may be seen that relatively short
endblock vinyl aromatic polymer length gives block copolymers having rapid anneaiing times,
but tensiie strength properties may be reduced. By controlling the length of the
monovinylidene aromatic block, it is possible to maximize the tensile strength of the block

copolymer and minimize the annealing time and temperature requirements.

Example 2  Films of Radial Block Copolymer

A dispersion of a four-armed styrene-isoprene block copolymer coupied with
silicon tetrachloride was prepared as in Example 1. The polymer had an apparent molecular
weight by gel permeation chromatography (GPC) of 227,000 Daltons. The styrene content was
15 weight percent, 13.2 volume percent. The polystyrene endblock weight average molecular

weight was 11,300 Daltons. The polyisoprene radial block apparent weight average molecular

. weight was 182,000 Daltons. Film samples were prepared by deposition onto glass and

annealed and tested asin Example 1. Results are combined in Table IV.

TablelV
Strength as a Function of Annealing Time

minutes 0 4 16 60
Tensile Strength at Break 1.4 14.9 19.1 21.0
(MPa)

Example3  Films of a Tapered Block Copolymer

Films of a symmetrically tapered styrene-isoprene-styrene block copolymer
containing 26 weight percent styrene, an overall molecular weight (M,,) of 228,000 Daltons, a
measured isolated styrene is 52 percent and effective phase volume styrene content of
approximately 11 percent were prepared as in Example 1. The polystyrene endblock molecular
weight was measured by degradation analysis and GPC to be 9700 Daltons. Filmswere cast on
giass slides, dried at room temperature and annealed as in Example 1. Strength properties
were tested according to ASTM-D-412 after annealing at 80°C and at various temperatures.

Results are contained in Tables VA and VB.
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Table VA

Strength as a Function of Annealing Time

minutes 0 4 16 30
Tensile Strength at Break 0.5 48 11.8 13.1
(MPa)
Table VB
Strength as a Function of Annealing Temperature-Time
Temp. (°C) 60 60 70 70 80 80 90 90
Time (min.) 4 30 4 30 4 30 4 30
Tensile Strength at Break 1.1 29 2.0 5.3 48 13.1 10.6 18.1
(MPa)

Comparative C Films of a Triblock Copolymer Having Too Large Polystyrene Content
Dispersions were prepared from a toluene solution of a
styrene/butadiene/styrene triblock copolymer. The polymer weight average molecular weight
was approximately 100,000 Daltons. The polystyrene content was 30 weight percent, 29
volume percent. The polystyrene endblock molecular weight was 15,000 Daltons. The
polybutadiene block molecular weight was 70,000 Daitons. When cast onto a clean glass plate
according to Example 1, severe cracking of the film occurred. No coherent fiim could be

formed at room temperature.

Comparative D
A dispersion was prepared from a cyclohexane solution of Kraton™ 1111

styrene-isoprene-styrene block copolymer containing nominally 22.7 percent styrene having a
molecular weight of 147,000 and styrene endblock length of 16,700. The film was annealed at

80°C for various times, the results are compiled in Tabie VI.

Tabie Vi

Time at 80°C (min.) 0 4 16 60

TS at Break (MPa) 0.35 190 496 11.6
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Example 4
To a cyclohexane solution of the block copolymer described in Comparative A was

added 44 percent by weight based on the block copolymer of an aliphatic mineral oil. This
blend was dispersed in water as described in Example 1 and the cyclohexane was removed by
distillation. The styrene phase volume in the hydrocarbon phase was calculated to be

19 percent based on the assumption that all of the minerai oil is contained in the butadiene
phase. The dispersion was cast on a clean glass plate which, upon drying, left a coherent film.
The film was annealed in a forced-air oven at 80°C. Samples were tested for tensile strength

after varied annealing times. The results are compiled in Table VII.

Table Vil

Time at 80°C 4 16 30 60
(min.)

Tensile Strength 1.7 10.1 11.6 11.7
(MPa)

Example 5
A dispersion was made from a cyclohexane solution containing 35 percent by

weight of a styrene-isoprene-styrene block copolymer containing 18 percent by weight
polystyrene (15.9 volume percent) with the structure polystyrene-polyisoprene-polystyrene
being 10,000-110,000-10,000. This solution was dispersed into water using Alipal™ CO-436
surfactant at a level of 3.0 percent by weight based on polymer solids. After the dispersion was
formed, the solvent was removed under vacuum to give a dispersion that was 59 percent by
weight solids. Filmswere cast onto glass platesin two layers and dried 2-16 hours at room
temperature to provide a dried film thickness of approximately 25 mm. These films were cut
into samples, annealed at 80°C for various times and tested according to ASTM-D-412. The

results are compiled in Table VilIl.

Table Vi
Annealing Time 0 2 8 16
at 80°C (min.)

TS at break .57 3.23 11.5 13.5
(MPa) '

Example 6
A dispersion of styrene-isoprene-styrene block copoiymers was prepared as in

Example 1. Polymer A was 14 percent styrene (12.4 volume percent styrene) with a structure
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polystyrene-polyisoprene-polystyrene of 9500-109,000-9500. Polymer B was 15 percent styrene
(13.2 volume percent styrene) with a structure polystyrene-polyisoprene-polystyrene of
15,300-154,400-15,300. Film samples were prepared on glass and annealed as described in

Example 1. The results are compiled in Table IXA.

Table IXA

Annealing Time
at 80°C (min.)

Sample A .90 16.9 20.2 20.3

10 Sample B .21 -- .81 1.55

Sample A was annealed at temperatures below 70°C. Strength after 4 and 16

minutes was noted. The results are compiled in Table IXB

15 Table IXB

Temperature 70 60 55 50 40

Strength 4 min. " 17.2 7.8 6.9 4.1 1.86

Strength 16 min. 18.8 18.1 19.9 9.9 3.7
20

Example 7
A dispersion was prepared from a cyclohexane solution of a

styrene-butadiene-styrene tribiock copoiymer containing 17 weight percent styrene having a
- molecular weight of 145,000. This corresponds to 16.5 volume percent styrene. The molecular

weight of the polystyrene endblocks was 12,300. After drying at room temperature, samples of

the film were annealed in a forced-air oven at 80°C for various times. The results are compiled

in Table X.

Table X

Time at 80°C 4 16 60 300
30 (min.)

Strength (MPa) 3.4 11.7 12.0 21.2

Example 8
35 Dispersions were prepared from both toluene and cyclohexane solutions of a

styrene-isoprene-styrene triblock copolymer containing 15 weight percent styrene. This

corresponds to 13.2 volume percent styrene. After drying at room temperature, samples were

-15-



WO 94/15997 PCT/US94/00229

10

15

20

25

30

35

annealed in a forced-air oven at 80°C for various times. This shows that either aliphatic or
aromatic solvents may be used to prepare dispersions which anneal to high strengths. The

results are compiled in Table XI.

Table X|
Time at 80°C 2 8 30 60
Toluene 129 183 205 211
Cyclohexane 8.0 13.2 179 199
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Claims: ,
1. An aqueous dispersion which is capable of forming a coherent, elastomeric,

solid film which, after drying and annealing at 80°C for 30 minutes, demonstrates a tensile
strength of 11.0 MPa or greater wherein the dispersion comprises:
(a) oneormore block copolymer(s) corresponding to the formula:
5 A-B-Xm-(B-A)_
wherein each A is a polymer block consisting essentially of a
monovinylidene aromatic monomer and, optionally, a conjugated diene,
each B is a polymer block consisting essentially of a conjugated diene, X is
the remnant of a multifunctional coupling agent, misOor 1,and nisan
10 integer from 1to 5, each monovinylidene aromatic monomer biock having
a weight average molecular weight from 8,000 to 15,000 Daitons, each
conjugated diene block having a weight average molecular weight from
50,000 to 300,000 Daltons.

(b) water,
15 (¢) optionally, adiluent for the block copolymer which is compatible with the
B block,

(d) asurfactantinsufficient amount to emulsify A and Cin water and such that
a film formed from the emulsion exhibits the required properties;
wherein the average A content of the hydrocarbon phase is from 5 to 25 percent by weight and
20 theAblockis from 5 to 25 weight percent of the hydrocarbon phase and the effective phase
volume of the A block in the hydrocarbon phase is from 10 to 18.5 percent wherein the amount
of the optional diluent present is sufficient to achieve the desired effective phase volume of the
A block and the required film properties.
2. Adispersion according to Claim 1 which comprises:
25 ()  oneor more block copolymers,
(b) water,
{¢)  adiluent comprising a naphthenic or hydrocarbon oil or a polymer
compatible with the B block of the copolymer, and
(d) asurfactant.
30 3. Adispersion according to Claim 2 wherein the surfactantis presentin an
amount of from 0.5 to 10 percent by weight.
4. Adispersion according to Claim 3 wherein the monovinylidene aromatic
monomer is styrene and the conjugated diene is 1,3-butadiene or isoprene.
5. Adispersion according to Claim 4 wherein the effective phase volume of the
35 monovinylidene aromatic polymer blocks is from 12 to 18 percent.
6. Adispersion according to Claim 5 wherein the weight average molecular

weight of the one or more block copolymers is from 60,000 to 240,000 Daitons.
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7. Adispersion according to Claim 6 wherein the surfactantisa C , , carboxylic
acid or salt thereof having an HLB of 15 or greater.

8. Adispersion according to Claim 1 which comprises two or more block
copolymers, water and a surfactant wherein the average A block content of the two or more
block copolymers is from 5 to 25 percent by weight and wherein the monovinylidene aromatic
monomer block of each of the two or more block copolymers has a weight average molecular
weight of from 8,000 to 15,000 Daltons.

9. Adispersion according to Claim 1 wherein the surfactantis presentin an
amount of from 0.5 to 10 percent by weight.

10. A dispersion according to Claim 9 wherein the monovinylidene aromatic
monomer is styrene and the conjugated diene is 1,3-butadiene or isoprene.

11. Adispersion according to Ciaim 12 wherein the effective phase voiume of the
monovinylidene aromatic polymer blocks is from 12 to 18 percent.

12. A dispersion according to any one of Claim 11 wherein the weight average
molecular weight of the one or more biock copolymers is from 60,000 to 240,000 Daltons.

13. Adispersion according to Claim 12 wherein the surfactantisa C , . carboxylic
acid or salt thereof having an HLB of 15 or greater.

14. A process for preparing a film which comprises:

(1) forming an aqueous dispersion according to Claim 1,

(2) depositing a coating of the aqueous dispersion on a surface and drying the
coating to form a film, and

(3) annealing the film under conditions such as that the film exhibits on tensile
strength at break of 11.0 MPa or greater.

15. A process according to Claim 14 wherein the film is annealed at 30 to 120°C
for 1 to 60 minutes.

16. A process according to Claim 15 wherein the surfactant is presentin an
amount of from 0.5 to 10 percent by weight.

17. A film prepared according to the process of Claim 12 wherein the film exhibits
a tensile strength at break of 11.0 MPa or greater when annealed at 80°C for 30 minutes.

18. A coherent, elastomeric, solid film comprising:

(a)  oneor more block copolymer(s) corresponding to the formula:

_ A-B-Xm-(B-A)
wherein each A is a polymer block consisting essentially of a
monovinylidene aromatic monomer and, optionally, a conjugated diene,
each B is a polymer block consisting essentially of a conjugated diene, X is
the remnant of a multifunctional coupling agent, misQor 1, and nisan
integer from 1to 5, each monovinylidene aromatic monomer block having

a weight average molecular weight from 8,000 to 15,000 Daltons, each
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conjugated diene block having a weight average molecular weight from
50,000 to 300,000 Daltons.
(b)  optionally, a diluent which is compatible with the B block, and
()  theresidue of asurfactant capable of emulsifying components Aand B in
5 water;
wherein the A block comprises 5 to 25 percent by weight of the hydrocarbon phase and
exhibits an effective phase volume in the hydrocarbon phase from 10 to 18.5 percent and the
amount of diluent present is sufficient to achieve the desired effective phase volume of the A
block, wherein the film demonstrates a tensile strength of 11.0 MPa or greater when annealed
10 at80°Cfor 30 minutes.

19. A film according to Claim 17 which comprises:

{a)  oneor more biock copolymers,

(b)  adiluent comprising a naphthenic or hydrocarbon oil or a polymer

compatible with the B Block of the copolymer, and
15 ()  asurfactant.

20. A film according to Claim 17 which comprises two or more block copolymers
and a residue of the surfactant wherein the average A block content of the two or more block
copolymers is from 5 to 25 percent by weight and wherein the monovinylidene aromatic
monomer block of each of the two or more block copolymers has a weight average molecular

20 weight of from 8,000 to 15,000 Daltons.
21. Afilm according to Claim 17 wherein the surfactant is present in an amount

of from 0.5 to 10 percent by weight.

25

30

35
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