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MONOVINYLIDENE AROMATIC POLYMERS WITH IMPROVED
TOUGHNESS AND RIGIDITY AND A PROCESS FOR THEIR PREPARATION

The present invention relates to rubber-reinforced monovinylidene
aromatic polymer compositions of the type commonly referred to as “high impact
polystyrene” or "HIPS". More pn:ticula.rly,.the invention relates to such compositions,
in which the rubber-reinforcing particles are produced from a specific polybutadiene
rubber, have a specific particle size distribution and a process for the production of such
compositions.

Rubber-reinforced polymer compositions of the HIPS type are widely
used in many applications because of their ease of molding, good gloss, and generally
good mechanical properties. It has been known for some time that improved
combinations of gloss and mechanical properties can be achieved in such rubber-
reinforced polymers by providing a so-called "bimodal” distribution in the sizes of the
rubber reinforcing particles, that is the particles show two distinct peaks in their size
distribution. This can be achieved by combining two or more such resins or
components, each having-a group of rubber particles having a different average particle
size. Various monovinylidene aromatic polymer compositions are known having at
least two groups of rubber particles wherein the groups have different average particle
sizes. See for example US-A-4,146,589, US-A-4,214,056 and US-A-4,334,039 and
EP-A-0 096 447, EP-A-0 158 258 and EP-A-0 152 752 which disclose such
compositions.

US-A-4,493,922 also discloses rubber-reinforced polystyrene compositions
having bimodal rubber particle size distributions.  The average rubber particle sizes
disclosed for the groups of particles are 2 to 8 micrometers (especially from 5 to 6
micrometers) for the group of larger particles and 0.2 to 2.0 micrometers for the group
of smaller particles.

As mentioned, & number of methods are proposed for achieving such a
bimodal particle distribution. For example, US-A-4,153,645 discloses a method for the
preparation of a HIPS-type polymer in which two polymer compositions are prepared
using standard production processes, the compositions having different average particle
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sizes. These two polymer compositions are then mixed by a subsequent mechanical
blending process.

An alternative approach to producing HIPS polymers with a bimodal rubber
distribution has been to introduce feed streams of monomer and rubber at two different
points in the polymerization system. This resulis in a polymer product which generally
bas a fairly broad spread of rubber particle sizes. Examples of this are described in EP
00135 752, U.8. 4,334,039 and EP 0 096 447. A disadvantage of such methods is that
the mechanical properties of the resulting product can be somewhat poor and difficult
to control.

Yet a further approach is disclosed in U.S. 4,146,589 and EP 0 048 389. In
this method, two prepolymer compositions are prepared containing rubber pasticles
with different particle sizes. The prepolymer compositions are then mixed and further
polymerized to provide a polymer having a bimodal particle size distribution.

" Other references in this area include EP-418,042 wherein the rubber
comprises a partially coupled radial or star rubber, having a cis content of less than or
equal to 70 percent, JP 02762722 wherein the rubber is a mixture of a high cis
polybutadiene of high molecular weight and a low cis polybutadiene of low molecular
weight, and JP 95005789 wherein the rubber is 2 mixture of a high molecular weight
polybutadiene and a low molecular weight polybutadiens, both having a cis structure of
greater than 80 percent. However, a desirable balance of impact strength and tensile
strength is still not attained for some specific applications.

Therefore, it is still desirable to obtain a rubber modified monovinylidene
aromatic polymer having an improved balance of impact and tensile properties for
select applications.

The present invention is a rubber modified monovinylidene aromatic
polymer comprising:

a) a monovinylidene aromatic polymer matrix,

b) rubber particles dispersed therein, characterized in that the rubber

particles are produced from a dine rubber having I) from 20 to §0

percent, based on the total weight of said rubber particles, of a high

solution viscosity component baving a viscosity value ranging from 110

-2-
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to 500 centipoise and IT) from 80 to 20 percent, based on the total weight
of said rubber particles, of a low solution viscosity component having a
viscosity value ranging from 1 to 100 centipoise, further characterized in
that the ratio of solution viscosity of high solution viscosity component
to the solution viscosity of low solution viscosity ranges from 1.1 to 500,
wherein both components I and IT have a 1,4 cis content of greater than
30 percent, and IIT) the rubber is grafted with monovinylidene aromatic
polymer to the extent that there is at least 30 percent monovinylidene
aromatic polymer present as grafis on the rubber.
In a preferred embodiment the present invention is a rubber modified
monovinylidene aromatic polymer comprising:
a) a monovinylidene aromatic polymer matfix,
b) rubber particles dispersed therein in the form of small and large
particles, wherein the volume average particle diameter of the small
particles is from 0.1 to 2 micrometers and the volume average particle
diameter of the large particles is from 2 to 6 micrometers, characterized
in that the rubber particles are produced from a diene rubber having I)

from 20 to 80 percent, based on the total weight of said rubber particles,

of a high solution viscosity component having a viscosity value ranging
from 110 to 500 centipoise and IT) from 80 to 20 percent, based on the
total weight of said rubber particles, of a low solution viscosity
component having a viscosity value ranging from 1 to 100 centipoise,
further characterized in that the ratio of solution viscosity of high
solution viscosity component to the solution viscosity of low solution
viscosity ranges from 1.1 to 500, wherein both components I and II have
2 1,4 cis content of greater than 30 percent, and III) the rebber is grafted
with monovinylidene aromatic polymer to the extent that there is at least
30 percent monovinylidene aromatic polymer present as grafts on the
rubber, wherein the amount of rubber in the polymer represents 2 to 20
percent based on the total weight of the polymaer.
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Another aspect of the present invention is a process for preparing a rubber-
modified monovinylidene aromatic polymer comprising the steps of: (2) continuously
supplying & reaction mixture comprising monovinylidene aromatic monomer and a
dissolved diene rubber to a reactor means, (b) continuously polymerizing the
monovinylidene aromatic monomer in the presence of the dissolved diene rubber in the
reactor means under conditions whereby phase inversion subsequently occurs, (c)
continuously removing from the reactor means a diene rubber-reinforced
monovinylidene aromatic polymer, which process is characterized in that: (d) the diene
rubber which is dissolved in the reaction mixture has I) from 20 to 80 percent, based on
the total weight of seid diene rubber, of a high solution viscosity component having a
viscosity value ranging from 120 to 500 centipoise and IT) from 80 to 20 percent, based

on the total weight of said diene rubber, of a low solution Viscosity component having a -

viscosity value ranging from 1 to 100 centipoise, further characterized in that the ratio
of solution viscosity of high solution viscosity component to the solution viscosity of
low solution viscosity ranges from 1.2 to 500, wherein both components I and I have a
1,4 cis content of greater than 30,

In a preferred embodiment, the process further comprises (e) wherein the
process conditions prior to phase inversion are adjusted to produce different groups of
diene rubber particles from the high and low molecular weight components of the diene
rubber, each group having a different average rubber particle size.

Monovinylidene aromatic polymers suitable for the present invention are those
produced by polymerizing a vinyl aromatic monomer. Vinyl aromatic monomers
include, but are not limited to those described in US-A-4,666,987, US-A-4,572,819 and
US-A-4,585,825. Preferably, the monomer is of the formula:

R :
!
Ar-C=CH2

wherein R’ is hydrogen or methyl, Ar is an aromatic ring structure having from 1 to 3
aromatic rings with or without alkyl, halo, or baloalkyl substitution, wherein any alkyl
group contains 1 to 6 carbon atoms and haloalkyl refers to a halo substituted alkyl

4
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group. Preferably, Ar is phenyl or alkylphenyl, wherein alkylphenyl refers to an alkyl
substituted phenyl group, with phenyl being most preferred. Typical vinyl aromatic
monomers Which can be used include: styrene, alphﬁ-methylstyrene, all isomers of vinyl
toluene, especially paravinyltoluene, all isomers of ethy! styrene, propyl styrene, vinyl
biphenyl, vinyl naphthalene, and vinyl anthracene, and mixtures thereof. The vinyl
aromatic monomers may aiso be combined with other copolymerizable monomers.
Examples of such monomers include, but are not limited to acrylic monomers such as
acrylonitrile, methacrylonitrile, methacrylic acid, methyl methacrylate, acrylic acid, and
methy] acrylate; maleimide, phenylmaleimide, and maleic anhydride. It is preferred,
however, for the practice of the present invention to use either less than 10 percent by
weight or substantially no other copolymerizable monomer. The specified particle size
distribution is no longer optimal for larger amounts of one or more of these monomers.
In general, the preferred monovinylidene aromatic monomers are styrene, alpha methyl
styrene, one or more of the vinyl toluene isomers, and/or mixtures of two or more of
these, with styrene being the most preferred monovinylidene aromatic compound.

The monovinylidene aromatic polymer typically has a weight average molecular
weight (Mw) of from approximately 120,000 to 500,000.

The rubbers preferably employed in the practice of the present invention are
those polymers and copolymers which exhibit a second order transition temperature
which is not higher than 0°C, preferably not higher than -200°C and more preferably
not higher than -400°C as determined or approximated using conventiopal techniques,
for example, ASTM Test Method D-746-52 T.

Highly preferred rubbers are alkadiene polymers. Suitable alkadienes are
1,3-conjugated dienes such as butadiene, isoprene, chloroprene or piperylene. Most
preferred are homopolymers (excepting any coupling monomers) prepared from 1,3-
conjugated dienes, with such homopolymers of 1,3-butadiene being especially
preferred. Alkadiene copolymer rubbers containing small amounts, for example less
than 15, preferably less than 10 weight percent, of other monomers such as
monovinylidene aromatics can also be employed if the rubbers meet the other
qualifications described herein. The most preferred rubbers are the lineer, radial, star,

5-
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or randomly branched homopolymers of 1,3-butadiene which have a cis content of at
least 30 percent

The rubbers suitable for the present invention can be made by anionic
polymerization or Ziegler- Netta polymerization well known to those skilled in the art.

Regarding the rubber materials suitable for use according to the present
invention, the essential requirement for the rubber material is that it has a relatively
high solution viscosity component and a relatively low solution viscosity component,
wherein both components have a 1,4 cis content of at least 30 percent. Suitable rubbers
for use herein are the linear, partially coupled rubbers, also called radial or star rubbers,
completely coupled rubbers as well as randomly-branched rubbers, other branched
polymers and blends of rubbers, such as a blend of linear and branched polymers,
meeting the requirements for rubber materials to be employed in this invention. The -
molecules of these rubber materials have three or more polymer segments coupled by a
single polyﬂmcnonal element or compound. Radial or star polymers having this
designed branching are conventionally prepared using a polyfunctional coupling agent.
Methods for preparing star or madial polymers having designed branching are well-
known in the art. Methods for preparing a polymer of butadiene of this type using a
coupling agent are illustrated in US-A-4,183,877, US-A-4,340,690, US-A-4.340,691
and US-A-3,668,162 and Japanese Patent 59-24 711.

As used herein, the molecular weights referred to are the weight average
molecular weights or Mw's for the rubber components as determined by the gel
permeation chromatographic techniques described by ASTM Test Method designated
D-3536 (polystyrene standard) and expressed without correction for the differences
between rubber and polystyrene standards.

The diene rubbers most suitable for this invention contain two distinct
components, which are comprised of a relatively high solution viscosity diene rubber
and a relatively low solution viscosity diene rubber. More particularly, the low solution
viscosity component of diene rubber useful for the present invention has solution
viscosity values from 1, generally from 5, preferably from 10 and more preferably from
20, to 100, generally to 95, preferably to 85 and more preferably to 75. The high

solution viscosity component of diene rubber useful for the present invention has

%
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solution viscosity values from 110, generally from 15, preferably from 120 and more
preferably from 150 to 500, generally to 450, preferably to 430 and more preferably to
400, The low and high solution viscosity components of diene rubbers useful for the
present invention are further characterized in that the ratio of solution viscosity of high
solution viscosity component to the solution viscosity of low solution viscosity ranges
from 1.1, generally from 1.26, preferably from 1.53 and more preferably from 1.76, to
500, generally to 90, preferably to 40 and more preferably to 21.5.

In addition, in order to obtain the proper proportions of the small and large
rubber particles, it is preferred if the low solution viscosity component of the rubber
material constitutes from 20 to 80 weight percent of the total rubber content of the
resin, preferably from 30 to 70 weight percent. Most preferably neither component is
more than 80 percent of the total rubber in the composition.

Advantageously, to prepare a rubber-reinforced resin using mass or
mass/suspension polymerization techniques, the solution viscosity of the rubber of the
alkadiene polymer, as measured as a 5 weight percent solution in styrene, will be
greater than 40 and less than 400 centipoise (cps) at 25°C when the viscosity is
measured using a Canon-Fenske capillary viscometer (Capillary No. 400, 1.92 mm
inside diameter).

The Mooney viscosity values of the radiai-type rubbers should be less than
90, preferably less than 70 as measured by DIN 53523. In genersl, to bave a rubber,
which is sufficiently solid to be handled and processed in a normal fashion, the Mooney
viscosity value should be at least 20 and values of at least 30 are preferred. The
preferred range for the Mooney value is between 20 and 90, more preferably between
30 and 85, most preferably between 35 and 80. ]

Although the rubber may contain a small amount of a crosslinking agent,
excessive crosslinking can result in loss of the rubbery characteristics and/or render the
rubber ingoluble in the monomer.

The rubber is advantageously employed in amounts such that the rabber-
reinforced polymer product contains from 2 to 20 percent, preferably from 3 to 17
percent, more preferably 3 to 15 weight percent rubber or rubber equivalent, based on
the total weight of the rubber modified monovinylidene aromatic polymer.

-7-
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The term "rubber” or "rubber equivalent” as used herein to indicate weight
amounts of rubber material is intended to mean, for a rubber homopolymer (such as
polybutadiene), simply the amount of rubber, and for a block copolymer, the amount of
the copolymer made up from monomer(s) which, when homopolymerized form a
rubbery polymer. For example, for calculating the amount of rubber in a composition
where a butadiene-styrene block copolymer rubber has been employed, the "rubber” or
"rubber equivalent” of the composition is calculated based on only the butadiene
component in the block copolymer. Obviously where physical properties or other
aspects of the rubber material are measured, the complete rubber material including any
comonomers is referred to.

The product of the present invention can be viewed as having a generally
broadened rubber particle size distribution. In one embodiment the present invention
has a bimodal rubber particle size distribution with a critical amount of large and small
rubber part‘icles. The present invention having such distributions resuits in a resin
product which, in the form of molded articles, possesses improved combinations of
impact resistance, and tensile strength.

In one embodiment, according to this invention, it has surprisingly been
discovered that products having a rubber particle size distribution of this type bave
better combinations of properties when, based on 100 parts by weight rubber or rubber
equivalent, (a) particles constituting from 20 to 60 parts by weight of the rubber have
diameters of from 0.1 to 2 micrometers, (b) particles constituting from 60 to 20 parts by
weight of the rubber have diameters of from 2 to 8 micrometers.

In terms of a bimodal distribution, it is found that as groups of particles, the
group of smaller particles should have a volume average particle diameter of from 0.2
to 2 micrometers, preferably to 1.8 micrometers and most preferably to 1.5 micrometers
and the group of larger particles should have a volume average particle diameter of
from 2.0, preferably from 2.5 to 5 micrometers. In terms of broad distribution, it is

found that 80 percent of particles are in the range of from 0.2 to 8 micrometers,

As used herein, the said particle size is the diameter of the rubber particles
as measured in the resultant product, including all occlusions of matrix polymer within
rubber particles, which occlusions are generally present in the disperse rubber particles

S
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of a rubber-reinforced polymer prepered using mass polymerization techniques. Rubber
perticle morphologies, sizes and distributions may be determined using conventional
techniques such as (for larger particles) using a Coulter Counter (Coulter Counter is
Trade Mark) or, particularly for smaller particles, transmission electron microscopy.

Regarding morphology of the rubber particles in the different groups, as is
well known, the smaller particles typically have a core-shell (single, major occlusion) or
cellular (multiple, minor occlusions) morphology. The larger particles wouild generally.
have a cellular or similar multiple-occlusion morphology.

The process of the present invention is characterized by the utilization of a
rubber having specific high and low molecular weight components under process
conditions whereby the above-specified rubber particle size distribution can be obtained
with standard polymerization processes and equipment.

In the preparation of the rubber-reinforced polymers, a reaction mixture is
prepared by dissolving the rubber in the monomer(s) and the resulting monomer/rubber
solution, referred to herein as the reaction mixture, is supplied to a reactor means and
subsequently polymerized. The amount of rubber initially dissolved in the reaction
mixture is dependent on the desired concentration of rubber in the final rubber-
reinforced polymer product, the degree of conversion during polymerization and the
viscosity of the reaction mixture solution. Specifically, the viscosity of the reaction
mixture solution is advantageously iess than 3000 centipoise. At higher viscosities, the
reaction mixture solution is difficult to process. Provided the viscosity of the reaction
mixture is not undesirably high, the reaction mixture solution will generally comprise
from 5 to 15, weight percent of the rubber, said weight percent being based on the total
amounts of rubber and monomers employed.

Optionally, the reaction mixture will contain an organic liquid diluent.
Organic liquid diluents snitably employed are normally liquid organic materials which
do not boil at the polymerization conditions employed and which form a solution with
the polymerizable monomer(3) and the polymer prepared therefrom. Representative
organic liquid diluents inciude aromatic (and inertly substituted aromatic) hydrocarbons
such as toluene, benzene, ethylbenzene and xylene; saturated or inertly substituted,
saturated aliphatics having either straight or brenched chains of five or more carbon

9
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atoms such as heptane, hexane and octane; alicyclic or inertly substituted alicyclic
hydrocarbons having five or six carbon atoms such as cyclohexane. Preferred of such
orgenic liquid diluents are the inertly substituted aromatics, with ethylbenzene and
xylene being most preferred. In general, the organic liquid is employed in amounts
sufficient to improve the processability and heat transfer during polymerization, for
example, flow characteristics of the polymerization mixture. Such amounts will vary
depending on the rubber, monomer and diluent employed, the process equipment and
the desired degree of polymerization. In general, if employed, the reaction mixture will
normally contain from 2 to 30 weight percent of the diluent based on the total weight of
the rubber, monomer and diluent.

During the polymerization of the resulting reaction mixture, the
polymerization conditions are maintained such that phase inversion subsequently
occurs. Under such conditions the monomer is polymerized both with the rubber
(grafted) a.'nd separately (free polymer), which dissolved rubber thereby becomes
grafted with a portion of polymerized monomer. The balance of free polymer, basically
incompatible with the rubber, forms a discontinuous smaller volume polymer/monomer
phase dispersed throughout the larger volume continuous phase of the monomer/rubber
(including grafted rubber) solution.

Eventually, at a point after sufficient amounts of free polymer are formed,
the free polymer converts from a discontinuous phase dispersed in the continuous phase
of the unpolymerized monomer(s), through a point where there is no distinct continuous
or discontinuous phases in the polymerization mixture, to a continuous polymer phase
having the rubber dispersed as discrete particles there through. As the
polymer/monomer phase becomes the larger volume phase and hence the continuous
phase, the grafted rubber forms a discontinnous phase. This is the point in the
polymerization when phase inversion occurs and the rubber becomes dispersed in the
form of particles through the continuous polymer phase resulting in a product having
rubber particles dispersed in a matrix of monovinylidene aromatic polymer.

Preferably, at phase inversion, the rubber is sufficiently grafied such that
the disperse rubber pa_:rticles, following initial sizing, are capable of retgining essentially
the same average particle size and morphological properties throughout the remainder

-10-
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of the polymerization process. In a preferred embodiment, the amount of grafted rubber
is at least 30 percent of the total rubber at phase inversion. The degree of grafting of the
diene rubber at the point of phase inversion has a significant impact on the properties of
the resultant rubber modified polymer produced. Generally, the mmber of grafis per
chain contributes to the particle size, the structure and the amount of occluded matrix
polymer within the rubber particles. Higher grafting level results in higher gel content,
a larger amount of grafted rubber and higher graft and occluded matrix polymer content
within the rubber particles. The increased gel content is highly desirable in that it
enables an increased rubber phase volume to be achieved. Increased rubber phase
volume can also be achieved by using a high molecular weight polybutadiene rubber,
however increasing the molecular weight typically increases the solution viscosity as
well, making handling and processing more difficult. In géneral, the higher solution
viscosity rubber will result in larger rubber particles, and low solution viscosity rubber
will result in smaller rubber perticles.

Careful control of back mixing during the polymerization process is critical
in achieving the desired rubber particle size. Accordingly, one essential feature of the
present invention is that prior to phase inversion the polymerization must proceed in a
plug-flow form with a limited or minimum amount of back mixing;. The desired
rubber particle size will not be realized if the polymerization reaction mixture is
allowed to be back mixed extensively or, worse yet, totally. Therefore, it is preferable
that the degree of back mixing be controlled or limited to such an extent that the desired
rubber particle size can be obtained. The degree and type of conrtrol for the amount of
back mixing will depend on, in part, the geometric features of the equipment being
employed in the polymerization process, the achievement of which control is well
within the capability of those who are skilled in the art using conventional process
control techniques without undue experimentation.

‘When preparing bimodal compositions in the practice of the present
invention the polymerization process should be conducted at conditions such that at the
point of phase inversion, the high and low solution viscosity components of the rubber
form separate groups of rubber particles having different average particle sizes.

-11-
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The polymerization process features that are utilized to achieve the requisite
rubber particle distribution include the use of a graft promoting chemical initiator, such
as the peroxide initiators including the peresters, for example, tertiary butyl
peroxybenzoate, tertiary butyl peroxyacetate, dibenzoyl peroxide, and dilauroy!
peroxide, the perketals, for example, 1,1-bis tertiary butyl peroxycyclohexane, 1,1-bis
tertiary butyl peroxy-3,3,5-trimethyl cyclohexane, and di-cumyl peroxide, and the
percarbonates; and photo chemical initiation techniques. Preferred initiators include
tertiary butyl peroxy benzoate, 1,1-bis tertiary butyl peroxy cyclohexane 1,1-bis tertiary
butyl peroxY-3,3,5 trimethyl cyclohexane and tertiary butyl peroxy acetate.

Initiators may be employed in a range of concentrations dependent on a
variety of factors including the specific initiator employed, the desired levels of
polymer grafting and the conditions at which the mass polymerization is conducted.
Specifically, in the preferred mass polymerization process for preparing rubber-
reinforced polymers, from 50 to 2000, preferably from 100 to 1500, weight perts of the
initiator are employed per million weight parts of monomer resulting in a product
having rubber particles dispersed in a matrix of monovinylidene aromatic polymer.

With such an initiator the grafting onto the high molecular weight
component of the rubber is promoted and multiple grafts are formed. This stabilizes
these rubber molecules in the reaction mixture and facilitates the separation of the high
molecular weight rubber molecules from the lower moleculer weight rubber. This
contributes to the formation of the larger rubber particles.

The lower molecular weight component of the rubber, on the other hand,
being less grafted, tends to form the smaller particles somewhat later than the larger
particles are formed. It is also desirable to facilitate the formation of separate, smaller
particles to provide an increased amount of agitation to the reaction mixture during and
well after the point of phase inversion. Phase inversion has usually taken place at a
point in the polymerization process where the reaction mixture contains a solids level
which, in weight percent based on reaction mixture, is 2.5 or 3 times the weight content
of the added rubber material. Therefore, a relatively high agitation level is preferably
maintained until a point in the polymernization process where the reaction mixture

-]12-
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contains a solids level which, in weight percent based on reaction mixture, is at least 3,
prefersbly 4 times the weight content of the added rubber material.

For example, when there is 5 to 10 weight percent rubber added to the
reaction mixture, relatively high agitation is maintained until the reaction mixture
contains 30 percent by weight solids. As used herein, the term solids refers to the
polymeric components of the reaction mixture such as the rubber which was added
initially and the monovinylidene aromatic polymer which has been formed.

Depending upon particular production equipment there may also be other
process features that can be utilized to further facilitate the formation of the specified
Tubber particle size distribution. !

In general, continuous methods are employed for mass polymerizing the
monovinylidene aromatic compound in the reaction mixtufe. In the practice of the
present invention it is generally prefexred to utilize a stratified, linear flow, stirred tower
typereact'or, also referred to as a plug flow type reactor. Such reactors are well known.
See, for example US-A-2,727,884. :

An important aspect of such polymerization processes is that & significant
portion of the polymerization of the monovinylidene aromatic monomer in the reaction
mixture can take place in the presence of the dissolved rubber. Phase inversion and
precipitation and dispersion of the rubber particles does not occur until after sufficient
grafting of moﬁovinylidene aromatic polymer onto the rubber, which primarily takes
place when the rubber is in solution.

This is a major advantege over polymerization in completely mixed, stirred
tank type reactors (non-stratified, non-plug flow) which are operated at a predetermined
level of conversion. Typically, due to the presence of significant levels of the already
polymerized monovinylidene aromatic polymer, the rubber which may be dissolved in
the feed stream to such a reactor, is immediately dispersed as particles before graft
polymerization can occur and, more importantly, before the high and low solution
viscosity components of an appropriate rubber material can separate and form separate
groups of rubber particles.

Moreover, the process according to the present invention can be practiced
advantageously on standard mass polymerization process equipment not otherwise

-13-
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capable of the preparation of monovinylidene aromatic polymers with bimodal rubber
particle distributions without significant equipment modifications. Such standard
equipment typically utilizes a single supply of the unpolymerized reaction mixture
comprising a solution of rubber, monomer, optional diluent and other additives. The
reaction mixture is then polymerized as it proceeds through one or a series of such
reactor vessels. At the end of the reactor vessel (series) the product is removed and
diluent and any residual monomer removed.

The polymerization mixture may also contain other additive materials
and/or polymerization aids such as plasticizers or lubricants such as mineral oil, buty!
stearate or diethyl phthalate; stabilizers including antioxidants (for example, alkylated
phenols such as di-tert-butyl-p-cresol or phosphates such as trisnonyl phenyl
phosphate); chain transfer agent, such as an alkyl mercaptan such as n-dodecyl
mercaptan; or mold release agents, for example, zinc stearate; all of which additives
and/or poiymerizaﬁon aids are added to the reaction mixture where appropriate
including before, during or after polymerization. '

The use of a chain transfer agent is optional and is usually employed only in
the production of a composition or prepolymer containing larger size rubber particles
(for example having an average particle size of at least one micrometer). If employed,
the chain transfer agent is generally employed in an amount of from 0.001 to 0.5 weight
percent based on the total weight of the polymerization mixture to which it is added.

The temperatures at which polymerization is most advantageously
conducted are dependent on the specific components, particularly initiator, employed
but will generally vary from 60 to 190°C.

Crosslinking of the rubber in the resulting product and removal of the
unreacted monomers, as well as any reaction diluent, if employed, and other volatile
materials is advantageously conducted employing conventional techniques.

The rubber modified monovinylidene aromatic polymer of the present
invention has an excellent balance of impact and tensile modulus properties, allowing
for its use in various applications including injection molding applications, extrusion
applications, foam applications including large appliances, consumer electronics, air

conditioners, refrigerators, freezers, small appliances, cassettes, radio, TV, stereo
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cabinets, furniture and furnishings, toys, housewares, building and construction
applications, footwear, medical applications, packaging, disposables such as tumblers,
glasses, dishes, cups, bowls, flatware, cutlery, blowmolded items, foam board, sheet,
and films.

EXAMPLES

The following exampies are given to illustrate the present invention relating to
rubber-modified monovinylidene aromatic polymers, and should not be interpreted as limiting
the invention in any way.

Samples of rubber-modified monovinylidene aromatic polymer compositions
were prepared in a miniplant having a linesr three stirred tube reactor system. Each reactor
had 2.51 internal volume with an L/D ratio of 22, and an agitator with pins attached to the
shaft. Each reactor contained three temperature zones that were electrically heated. The
reactor system was computer controlled within a predefined narmw range to ensure uniformity.
After the third reactor, the partial polymers were devolatilized with a devolatilizing extruder,
stranded, th cut to form pellets. All the testing was done using these pellets. Extruder
temperature controlled the degree of cross-linking of the rubber.” Generally higher
tempe-ratln'es resulted in higher degree of cross-linking. .

A certain amount of the main feed was added into the middle zone of the second
reactor as 2 second addition to further improve the toughness and rigidity balance of the
products. At around 20 percent, second addition level, the properties were usually optimum.
If these experiments were to be repeated without second addition, the values would be
proportionately lower but would have same relative ranking in terms of toughness rigidity
balance.

NDm (n-dodecyl mercaptan) was added to the second reactor as a chain transfer
agent to maintain the melt flow rate of the final products.

In total three sets of rubbers were used. As a control, (that is, a comparative
example) & standard low-cis diene rubber from Bayer AG BUNA 640 was used (example 1). A
high-cis rubber which has a bimodal molecular weight distribution available from UBE
Industries of Japan under the tradename UBE 23H was used for examples 2 and 3. In the
fourth example of the present invention, a bimodal mixiure was prepared by in situ solution
blending of two rubbers commercially available from The Dow Chemical Company. under the
tradename of 1202B (lower molecular weight) and 12027 (higher molecular weight). The

amounts ere given in the examples.
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The measurements of certain physical properties and corresponding test methods

were follows:
Property Method Units Remarks

Izod Impact ASTM D256-93A J/m Injection moulded bars

Charpy Impact ISO 179-2C-82 kJ/m" Injection mounided bars

Tensile Yield ASTM D638M-93 | Mpa Injection monided bars (5
mm/min)

Tensile rupture ASTM D638M-93 Mpa Injection moulded bars (5
mm/min)

Elongation ASTM D638M-93 | percent Injection moulded bars (5
mm/min)

Tensile modulus (E- ASTM D638 N/mm” Injection moulded bars (1

modulus) mm/min)

MFR ASTM D1238-94 °C

Vicat ASTM D1523-91 g Injection moulded bars

Mw and Mn GPC g/mol

Rubber Particle Size (RPS) Coulter 50 micron Hm

tube
Rubber content’ Mass Balance percent
M.O. content Liquid percent
Chromatography
Solids Gravimetric percent

In general, the results of the experiments clearly demonstrate that the examples of

the present invention provide a better balance of toughness and rigidity despite having

somewhat higher melt flow rate than the comparative example.

At similar particle size and rubber composition, the examples of the present
invention provide higher Izod and Charpy impact values as well as higher tensile yield swength

and tensile modulus,



2/

WO 01/94434 PCT/USO01/15001
Veriable Date | 07/24/1999 | 07/22/1999 | 07/28/1999 1 03/26/2000 |
.Ex. | [Examplel | Examole2 | Example3 |
gh | 1000 1000 1000 1080
eco —8h_ 200 200 200 120
percent 20 20 20 10
T Rate o 1200 _1200 1200 1200
Z1-L 111 111 111 110
reactor | Z2-L 1 115 115 115 113
23-L 119 119 119 121
ZA-L 126 126 126 127
Z5-L 135 135 135 133
L 145 145 145 142
Z7-L 155 155 155 148
Z8-1 162 162 162 _155
Z9-L 170 170, 170 160 ,
Agitation / rom | STR1 L 150 225 225 175 }
__STR2 60 60 50 _60
40 40 AQ 40
C | 240 240 240 240
C 230 230 230 1 230 |
c 220 220 220 220
SM12_) _3%Q | 380 1 3RO ) 465 |
SM13 1200 1100 1200 1150 |
Feed 7 7 7 7
Feed 08 0.8 0.8 0.4
Feed 1000 | 1000 1000 1000 |
t 515
percent .13 3.75
percent 2.8
ercent _28
STR1 347 368 358 357
_STR? §0.9 61.8 59,5 59.8
JConversiol  83.1 £2.4 82.9 81.6
0 um mbe) £1) 2.80 1.00 2.70 230
178700 187000 187200 185500
/1 63900 68100 | 69600 £2600
Polydigpersity 271 275 2.69 _2.67
M.ER. / /10 min 4.90 5.80 520 520
harpy Impact / k]/m? 6.9 7.6 1.6 10.7
Izod / j/m 86 107 _102 109
Vicat/C 102.1 101.8 _101.7 1037
Tensile Yield / Mpe 243 23.7 239 25.)
Tensile Rupture / Mps 23.8 23.1 232 21.8
longation / percent 47.2 58.1 574 269
Tengile Modulng { N/ma 1938 2146 | 2183 | 2201
neral oil content / percep 0.9 1.0 1.0 0.5
Rubber content / percent {masg balagce) 6.9 10 _ 69 _69
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The following table has the rubber specific data. They are based on polystyrene
standards and no universal calibration correction is made.

The solution viscosities are measured in styrene monomer at 5 percent by weight
of rubber solution at 23°C. The component data from UBE23H is calculated from overall GPC
plots and are estimates. Also, the solution viscosities for the UBE23H components are
estimates based on known relationships of MW versus solution viscosity. The results are
quoted in centiPoise (cP).

Sample Dow Measurements (PS Standards)] Sol.
ID Viscosity
Mw Mn Mp Mz | PDI | cPoise
1202B #182 BCP 817 lot 81116A 426400| 134700| 224800| 1114200, 32 40.6
1202T#139 BCP 820 lot 50921A 661800| 267400} 539600| 1393600| 2.5 275.1

Diene 55 BUNA 640 485000] 222000 369 22 170!
UBE23H Overall 576300| 151351| 824500] 1430300 3.8 155
UBE23H LOW MW Component 165000 70000] 145000 23 8
UBE23H High MW component 1020000 1100

-18-
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WHAT IS CLAIMED IS:
1. A rubber modified monovinylidene aromatic polymer comprising;

a) a monovinylidene aromatic polymer matrix,

b) rubber particles dispersed therein, characterized in that the rubber
particles are produced from a diene rubber having I) from 20 to 80
percent, based on the total weight of said rubber particles, of a high
solution viscosity component having & viscosity value ranging from 110
to 500 centipoise and II) from 80 to 20 percent, based on the total weight
of said rubber particles, of a low solution viscosity component having a

viscosity value ranging from 1 to 100 centipoise, further characterized in

-

that the retio of solution viscosity of high solution viscosity component
to the solution viscosity of low solution viscosity ranges from 1.1 to 500,
wherein both components ] and II have a 1,4 cis content of greater than
30 percent, and IIT) the rubber is grafted with monovinylidene aromatic
polymer to the extent that there is at least 30 percent monovinylidene
aromatic polymer present as grafts on the rubber.

2. The rubber modified monovinylidene aromatic polymer of Claim 1, wherein the
high solution viscosity component has a viscosity value ranging from 120 to 450
centipoise, the low solution viscosity component has viscosity value ranging
from 5 to 95 centipoise, and the ratio of solution viscosity is from 1.26 to 90.

3. The rubber modified monovinylidene aromatic polymer of Claim 1, wherein the
high solution viscosity component has a viscosity value ranging from 150 to 430
centipoise, the low solution viscosity component has viscosity value ranging
from 20 to 85 centipoise, and the ratio of solution viscosity is from 1.76 to 21.5.

4, The mbber modified monovinylidene aromatic polymer of Claim 1, wherein the
amount of rubber in said polymer is 2 to 20 percent based on the total weight of
said polymer.

5. The rubber modified monovinylidene aromatic polymer of Claim 1, wherein the
rubber particles are dispersed in the form of small and large particles, wherein
the volume average particle diameter of the small particles is from 0.1 to 2

-10-
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10.

micrometers and the volume average particle diameter of the large particles is
from 2 to 6 micrometers.

The rubber modified monovinylidene aromatic polymer of Claim 1 wherein the
monovinylidene aromatic polymer is polystyrene.

The rubber modified monovinylidene aromatic polymer of Claim 1 wherein the
rubber ig polybutadiene.

The rubber modified monovinylidene aromatic polymer of Claim 1, wherein the
diene rubber is branched.

The rubber modified monovinylidene aromatic polymer of Claim ! wherein the
diene rubber has a 1,4 cis content of greater than 30 percent.

A process for preparing a rubber-modified monovinylidene aromatic polymer
comprising the steps of: (a) continuously supplying a reaction mixture
comprising monovinylidene aromatic monomer and a dissolved diene rubber to
a reactor means, (b) continuously polymerizing the monovinylidene aromatic
monomer in the presence of the dissolved diene rubber in the reactor means
under conditions whereby phase inversion subsequently occurs, (¢) continuously
removing from the reactor means a diene rubber-reinforced monovinylidene
aromatic polymer, which process is characterized in that: (d) the diene rubber
which is dissolved in the reaction mixture has I) from 20 to 80 percent, based on
the total weight of said diene rubber, of a high solution viscosity component
having a viscosity value ranging from 120 to 500 centipoise and II) from 80 to
20 percent, based on the total weight of said diene rubber, of a low solution
viscosity component having a viscosity value ranging from 1 to 100 centipoise,
further characterized in that the ratio of solution viscosity of high solution
viscosity component to the solution viscosity of low solution viscosity ranges
from 1.2 to 500, wherein both components I and II have a 1,4 cis content of
greater than 30 and, optionally, (e) the process conditions prior to phase
inversion are adjusted to produce different groups of diene rubber particles from
the high and low solution viscosity components of the diene rubber, each group

having a different average rubber particle size.
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11.  The process of Claim 10 wherein the monovinylidene aromatic polymer is
polystyrene.

12.  The process of Claim 10 wherein the rubber is polybutadiene.

13.  The process of Claim 10, wherein the diene rubber is branched.

14.  The process of Claim 10 wherein the diene rubber has a 1,4 cis content of

greater than 30 percent.
15.  Anarticle produced from the rubber modified polymer of Claim 1.

-21-
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The demand is accompanied by the following elements, in the language referred to in Examining Authority use only
Bax Noa. IV, for the purposes of Intematianal preiminary examination: receivad  not receivad
1. transiaiion of intemational appiication : sheets 0 ]
2. amendmants undar Article 34 : sheets 0 m|
3. copy (or, where required, transiation) of 0 ]
amendments undar Article 19 H sheets
4. copy {or. whene required, transiation) of a a
statement under Article 18 : sheets
latter : sheats 0 0
8. other (specily) : sheets 8] O
The demand is also accompanied by the item(s) marked helow:
1. B tes calculation sheet 5. [J statement explaining lack of aignature
2 [0 original separate power of attomey 8. [J sequenca listing In computer readable form
3. [J original general power of atlomey 7 0O other {specify). -

4. [] copy ol general power of atiomey; : .
meforence mumbar, if any:

| Box No. VI  SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

' DOW GLOBAL TECHNOLOGIES INC.

_ Sapa T Gt

Lynn M. Zettler
For Intemnationa! Preliminary Examining Autharity use only

1. Date of actual receipt of DEMAND:

2. Adusted date of recelpt of dernand due
to CORRECTIONS under Rule 80.1(b):

3. [J The date ol receipt of the demand is AFTER the expiration of 18 morthe {3 The applicant has been
from the priority date and ltem 4 or 5, below, does not apply. informed accordingly.

4. [T The date of recaipt of tha demand is WITHIN the perlod of 19 montha from the priority date as extended by
virtue of Rule B0.5.

5. [0 Although the date of recaipt of #ha rlamend is after tha svnirstian Af 18 manihg from the priority date, the deley
In anival is EXCUSED pursua For Intemational Bureau usa only

Demand received from IPEA on:

Comespands b: Form PCTAPEA/4D1 {last sheet) (Jamsary 2002)




ce: Camie Gray, Dow, Midiand

!
PCT CHAPTER Ii

FEE CALCULATION SHEET
Annex to the Demand
For Intemational Praliminary Examining Authority use only
imamational .
application No. PCT/US01/15001
mr Mm Date stzmp of the IPEA
Applicant

DOW GLOBAL TECHNOLOGIES INC.

CALCULATION OF PRESCRIBED FEES

1. Prefiminary examination fee Euro1533 P
|
2 Handing feo Euro147 H .

3. Tolal of preacribed fees

Add the smounts entared at P and H
arl!omsrimellnﬂ'leTOTALbu: Euro 1,680
TOTAL
MODE OF PAYMENT
B authorization to charge deposit O cash
accourt with the IPEA (see balow)
O cheque 0O revenue stamps
O postal money order O coupons
0 bankdraft [0 other (specily):
AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT  IPEN/ : EP

{This mode of payment may not be avaliable at alf IPEASs) .
Deposit Account No.: 28300015
¥ Authorization to charge the intal iees indicated above.

;. . : : Dacamber 20, 2001
2 (mmmmmémmwmﬁmmww Date
accounts of tha £0 parmif) Authorization to charge any . .
deficiency or credit any ovarpayment in the total tees Indicated Name: * Lynn M, Zetlige
above.

Fun gttt

Signature:

Comesponda in: Form PCTAPEAMO1 (Amnex) {January 2002) See Notes 1o the fes calcdation sheat




~ATENT COOPERATION

From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHOR

Teo:
ZETTLER, Lynn M.
The Dow Chemical Company
Intellectual Property
P.0.Box 1967
Midland, Michigan 48641-1967 P

ETATS-UNIS D'AMERIQUE /\ \ S
P2

EATY

a{l 4

OTIFICATION OF TRANSMITTAL OF
INTERNATIONAL PRELIMINARY
EXAMINATION REPORT

3%

THE DOW CHEMICAL COMPANY et al.

{\ {PCT Rule 71.1)
Date of mailing
(dayjmonzh year) 23/04/2002
Applicant’s or sgent’s file reference IMPORTANT NOTI
608584 FICATION
International spplication No. Int=rnational filing date {dey/month/year) Priority date (day/month/year)
PCT/US 01/ 15001 09/05/2001 02/06/2000
Applicant

elected OfTices.

4. REMINDER

sent by the Internationa! Bureau with Form IB/301).

1.  The spplicant is I'ueby notified that this Internatjonal Preliminary Examining Authority wansmits herewith the international
preliminary examination report and its annexes, If any, established on the international application.

2. A copy of the report and its annexes, if any, is being transmitted 1o the International Bureau for communiration to all the

3. Where required by any of the elected Offices, the International Bureau will prepare an English transistion of the report (buc
not of any annexes) and will transmit such trenstation to thase Offices.

The applicant must enter the national phase before sach elected Office by performing certain acts ([ling wans!2tiony and
paying national fees) within 30 months from the priority date (or later in some Offices){Article 19{1))(see also the reminder
/

Where a trangition of the international application must be furnished to an elected Office, that tranciation must contsin a
ransiation of any snnexer to the international preliminary examination repoct. It is the spplicant’s responsibility to prepare
and fumish such transiation directly to each elected Office concerned.

go"lrdfguﬂm detzils on the applicable time limits and requirements of the elected Offices, see Volume 11 of the PCT Applicant’s

RECEIVED

Name and mailing address of the IPEAJ

T N Evropean Patent Office
D-30298 Munich
Tel. {+49-89) 2399-0, Tx: 523656 epmu d
Fax: (+49-89) 2399-42565

Authorized nmell'

PATENT '
XENNEDY B B¢ MAIL RODHE

Tel. (+49-89) 2399 2828

Form PCT/IPEAM16 (July 1992) P20373




.-ATENT COOPERATION TREATY 22
PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Article 36 and Rule 70)

Applicant’s or agent's file reference - . .
Sec Notification of T teal of I al
60858A FOR FURTHER ACTION P::ﬁm?nuy E:nln'nnl:l.:n‘mkllpm (F’gun!"rcrmupwla)
International spplication No. Tnternationel filing date (day/monmhjyear) Priority date { dayjmonhiyear)
PCT/US 01/ 15001 09/05/2001 02/06/2000
Tnternational Patent Clamification (IPC) or national classification and 1PC
CO8F279/02
Applicant

THE DOW CHEMICAL COMPANY et al.

1. This international preliminary examination report has been prepared by this International Preliminary Examining
Autharity and is transmitted to the applicant according to Article 36.

2. This REPORT consists of e total of ___ 2 sheets, including this cover sheet.

EI This report is also sccompanled by ANNEXES, i.e., sheets of the description, claims and/or drawings which have
been amended and are the basis for this report andjor sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 807 of the Administrative Instructions under the PCT).

These annexes consists of & total of sheets.

3.  This report cantains indicaions relating to the following items:
1 [X] Busin of the report
t[] Priority
1l D Non-esusblishment of gpinion with regard to novelty, inventive step and industrial applicability

v [] Lack of unity of invention
v @ Reasoned statement under Article 35(2) with regard to nowelty, inventive step or industrial applicebility;
citations and explanalians supporting such statement
Vi [] Certain documents cited
Vit [_] Certain defects in the international application

VIt | Certsin observations on the international application

Date of submission of the demand Dete of completion of this report
24/12/2001 18/04/2002
Name and mailing address of the IPEA/ Authorized officer
= European Patent Office VAN THIELEN J B
N-80298 Munich
__0)» Tel. (+49-89) 23990, Ta: 523656 cpmu d
L Fax: (+49-89) 2399.4265 Tel. (+49-89) 2399 2828

Form PCT/IPEA/A09 (cover sheet) (July 1998)



2

' INTERNATIONAL PRELIMINARY International application NoPCT/US 01/ 15001
EXAMINATION REPORT

l. Basls of the report

The basis of this international preliminary examination is the application as originally filed.

V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or
Industrial applicability

In light of the documents cited in the international search repor, it is considered

that the invention as defined in at least some of the claims does not appear to meet
the criteria mentioned in Article 33(1) PCT, i.e. does not appear to be novel and/or to
involve an inventive step (see intemational search report, in particular the documents
cited X and/or Y and corresponding claim references).

Form PCT/409NE1 (EPO-03-2002) P20752



Cartificate of Express Malling (37 CFR 1.10)

&L (0&e X33 594 08 May 2001

“Expreas Mai® Malkng Number Date of Depos

I hareby centify thal this application is being dapasited with the United States Poslal Service “Express Mail Past Offics to Addressae”
service under 37 CFR 1.10 on the date indicated above and is addrassed to the Assistant Commissioner for Patants, Washington,
D.C. 20231.

Carla 8. Samuel Qm&m .& ,Xﬂ.n\u.\_o

(Typed o¢ printed name of person mailing application) (Signarture of person mailing apeiication)

PCT INTERNATIONAL APPLICATION COVER LETTER

Regarding the Intemnational Application of:
Docket ar Referance Number: Dow Case No. 60858A

Applicant{s). The Dow Chemical Company

Entitled: MONOVINYLIDENE AROMATIC POLYMERS WITH IMPROVED TOUGHNESS AND RIGIDITY
AND A PROCESS FOR THEIR PREPARAITON

Corresponding to the following application(s):

Serial No. Eiling Date Country
60/208,035 June 2, 2000 United States of America

To the United States Receiving Office (RO/US):

Accompanying this cover letter is the above-identified International Application, including a
completed Request Form PCT/RO/101 and Fee Sheet. Pleasa process the application according
to the pravisions of the Patent Cooperation Treaty.

Respectfully submitied,

| ( b’ ‘gb-"’él?:@
Tal-Sam Choo

Agant for the Applicant(s)
Reg. No. 28,370

Date: 09 May 2001
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PCT For recsiving Offics use only
International Apnlication No.

REQUEST
| _International Filing Data

-

The underaigned requasts that the presant
International appilcation be processsd

according to the Patant Cooperation Treaty. | Name of Rnw' Office and "PCT Intemational Angi:lﬁun'
Applicant's or Agent's fia reference
G0B58A

Box No. | TITLE OF INVENTION
MONOVINYLIDENE AROMATIC POLYMERS WITH IMPROVED TOUGHNESS AND RIGIDITY
AND A PROCESS FOR THEIR PREPARAITON

Box No. I APPLICANT [0 Tria persan Is also Imvendar.
Name and address: Talephona Na,

THE DOW CHEMICAL COMPANY (689) 636-8133

i D:w M?';Iter 48674 iy i

and, Michigan H
United States of America (989) 636-3237
Telsprintar No.
- | Applicant's registration No. with the Office
State fthal is, country) of nationality: Siate (that i3, couniry) of residences:
us ) us

This person is applicant for the (8] sl designared []  ail desiphated Statss axcept . [ the United Statas [ the States indicatsd in
purposes of: States the United States of America of Amarics only the Suppiemental Box
Bex No. I FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTCR{S)
Name and address: This peraon is:

gaEGI\gIEO_IBS. nllegr'?ut O  sppicant only

. Tupelo Drive . .
Midiand, Michigan 48642 E ;:u' m' r:ﬂvmf:::‘” box
United States of America o pA MMM y
Applicant’s registration No. with the Offics

Slats (that is, country) of nationallty: State (that /2, couniry) of residance:

This person is applicantforthe [1 efdesignetsd [ wilcesigneted Statssexcopt [ theUnitsd Smtes [ the Statea indicated in
purposes of; States the Unitad Staias of America of Armnarics only the Supplememal Box

B0 Further applicants and/or (hathar) inventors are indicated on a continuation shest.

Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The parson ilentified befow is heraby/has been appainted to act on behalf

of the applicant(s) befors the competent intemational Authorities as: agent [0 common represantative
Name and address: Telephone No.
CHOO, Tai-Sam (989) 6368133

The Dow Chemical Company

Facsimile No
iactua Croperty ) Seaar
Midland, Michigan 48641-1967 intar N
United States of America Feleprintar No.

Applicant's registration No. with the Offica
28,370

{] Address for correspondence: Mark this chack-box where no agent or common representative i/has baen appointed snd the

space abave is usad Instesd o indicste a special address to which comespondence should be sent.

Form PCT/RO/I01 (first aheet) (March 2001) Sea Notes fo the mquast form



ShaetNo. __ 2 _

Continuation of Box No. i

FURTHER APPLICANT(S) ANDIOR {FURTHER} INVENTOR{S)

i none of the following sub-boxes Is used, this sheet Is not to be Included in the request !

Name and addresa:

MAUGHON, Dianne J. M.
601 West Main Street

Midland, Michigan 48640
United Statas of America

This person is:
0 applicant anly
O applicant and inventor

&1 Invantor anly (If this check-bax
is marked, do not M in balow)

Apoiicant's regist-ation No. with the Office

State (that is, couniry) of nationality:

Stats (that s, country) of esidenca:

This person is applicant forths [

shdesignated [ alidesignetsd Statesexcept [ toUnitedStates ] the Staise indicaed In

purposss of Siates the United Statas of Americs of Amarica only the Supplemenial Box
Name and sddress: B T R This parson ts:
leGO. Jos.a 1M O applicant anly
asstraat .
Helkant, H'ulst 0 appcant and invantor !
Netheriands 6  inventor only (¥ this check-bax
ia marked, do nat il in balow.)
- Appiicant'’s registration No. with the Office
Slats (that /s, country) of nationality: State (that /a, country) of residence:

This person is applicant forthe ]

sl designated [ aitdasipnated States except  [J the United States  [J the States indicated in
Statas

purpases of; the United States of Amesics, - of America anly the Suppiementsl Box
Name and address: This peraon ia:
gfsbéﬂéADEgéEavgl q [0 applicant only
ast or Roa .
Midland, Michigan 48642 O appbcant and inventor
United Statas of America inventor anly (I this check-bax

I marked, do not il In baiow.)

Applicant's registration No. with the Office

Stato (that iz, country) of nationality:

State (that [s, country) of resldence:

This parson is applicant for tha

O atdesigaated [J slidesignated States except (] the Unitad Stme  {T] the States indicated in

purpoasy of: Stales the Unlted States of America ol America only the Supplemenial Box
Name and address: This person Is:
1  applicant only

O]  applicant and inventar

[0 inventoronly (if this chack-box
Is marked, do rat fill in below.)

Agplicants registration No. with the Office

State (that is, country) of nationality:

State (that is, country) of residence:

This person is applicant for the
purposes of:

O aldesignatsd [ allcesigneted Statesexcept  [1 the Unitad States [ the States indicated in

Stetas the United Statas of America of America only the Suppisments! Box

L] Further applicants and/or {further) inventors are indicated on another continuation sheet

Form PCT/RO/MQY (continuation sheety (March 2001)

Ses Notas to ihs request form
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ShestNo, _ 3

Bax Ne. V DEBIGNATION OF STATES

The following designations sre hereby mads under Rule 4.8(z) {mark the eppiicabla chack-boxes; ot feast ane must bs marked):
Reglonal Patent

8 AP ARIPO Patent GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambiqus, SD Sudan, SL. Sierra Leons, 82
Swaziiand, TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and 2ny other Stats which is a Contracting State of the
Harare Pretocol and of tha PCT

{8 EA Eurselan Patent AM Armenia, AZ Azerbajan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Rapublic of
Moldova, RU Russian Federation. TJ Tajlkistan, TM Turkmenistan, and any other State which is a Contracting Stete
of the Eurasian Patent Convention and of the PCT

B8 EP European Patent: AT Austria, BE Belgium, CH and U Switzerlsnd and Liachtenstein, CY Cypns. DE Germany,
DK Denmark, ES Spain, Fl Finland, FR France, GB United Kingdom, GR Grescs, IE Insfand, IT ftady, LU Luxembourg, MC
Monaco, NL Netherands, PT Portugal, SE Sweden, TR Turkay, and any other State which Is a Contracting Stats of the European
Patsnt Convantian and of the PCT

(@ OA OAPI Patent. BF Burkina Faso, BJ Benin, CF Central Afican Republic, CG Congo, ClI Cate d'lvoire, CM Cameroon, GA Gabon,
GN Guinsa, GW Guinsa-Bissau. ML Mal, MR Mauriania, NE Niger, SN Senagel, TD Chad, TG Togo, and
aryy other State which is « member State of CAPI and a Contracting Stete of the PCT (if cther kind of protection or trestment desired,

spacily on iins)
National Patsnt (if other kind of protaction or (reslment desired, specily on fine):
X AE United Arab Emirates W GE Georgla 0 MW Malawi__
(@ AG Antigua & Barbuda B GH Ghana B MX Mexco
X AL Albania X GM Gambia ] MZ Mozambigue ,
B AM Armenia WHR Croatls 0 NO Norway ]
R AT Austria B HU Hungary K] N2 New Zesland )
& AU Austruiis ID Indonesla X PL Polend_
X AZ Azerbafan KL lsrmel__ X PT Porhgal _
(X BA Boania and Herzegovina XIN Indis - ) RO Romania

IS  losiand ® RU Russian Federation ‘

(& BB Barbadca B JP Japan
X BG Bulgaria i B KE Karnya X 8D Sudan
@ BR Braz)___ WXG Kygyostan @ SE Sweden
08 BY Belarus %P Democratic Pecpla's Republic of X 86 Singapore
BZ Belizm Korea ' @ 81 Sovenis
[B CA Canada M KR Republic of Kores, X SX Siovakla___
(0 CH & U Switzartand and Uechtenstein B KZ Xazakhatan @ SL Siara Leone
3 CN China WLC Saint Lucia X TS Tajidaian
[ €O Colombia LK Sr Lanka B TM Turkmenistan
(X CR Costa Rics @LR Liberda B TR Turkey
O cu Cub WLS Lesatho [ TT Trinkad and Tobago
(& €2 Crech Republic RILT Lithuania
& OE Gearmany R LU Luxembourg (R TZ Unitad Republic of Tarzania
[ DK Denmark LV Latvia & UA Ukraine
X DM Dominica XIMA Morocco @ UG Ugands
0 DZ Algeria WMD RepublicofMaldova_______ ] US United States of America
[ EE Estonia
@ ES Spain [ MG Madagascar. [ UZ Uzbekistan
0 FI  Finland [} MK The former Yugoslav Repubfic of O VN Viet Nam
¥ GB Unitad Kingdom Macedanla ¥ YU Yugesiavia
(@ QD Graneda B MN Mongalla ® zA South Africa

0 ZW Zimbabwe

Chack-boxes reserved for designating States which have bacome party to the PCT aflar issuanca of this sheet
a a a
a (] O

Precautionary Designation Statament: in addition {o the designations made above, the applicant also makes under Rule 4.9(%) all other
dasfgnations which would ba permitted under tha PCT axcapt any designation(s) indicated in the Supplementat Bax as being excluded from the scaope of
this staterment.  The applicant declares that thosa additional designations are subject 3 confirnation and that any designation which s not confirmed
before the expiration of 15 months from the priority debe IS to be regarded as withdnswn by tha applicant et the axpiration of that tme imit. (Confirmaetion
{inciuding feas) must reach the receiving Office within the 15-month tirna Bmit.}

Form PCT/ROM01 (second shesyy (March 2001) See Notes (o the request formy
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Sheet No. _,4_ 3 j
Box No. VI  PRIORITY CLAIM

The priarity of the following eadier application(s) is hereby claimed:

Flfing data Number Where sartier anplication bs: .
of earlier application of earlier apgkication | ying) application: regionai application:® intemational appiication:
(day/mantitysar) counkry regional Offics receiving Office :
Rem (l‘ .
2 June 2000
(02.08.00) 60/209.035 us i
lem (2)
Rem (3)
item (4)
| ttem (5)

[ Further priority claims are indicated In the Supplemental Bax. ,

(X The receiving Office is requested 1o prepars and tranamit to tha Intemational Bureau a certified copy of tha sarier application(s) (aniy ¥ the
sarlisr eppiication was fiied with the Office which for tha purposes of the presant intematianel applicetion Is the raceiving Office) Kentified
above as:

X allitems 3 rem (1) [ kem (2) 0O item (3) O item (4) £ #tam (5) O other, see

Supplemantal Box

* mnmmmimmﬂommum“mmbummtmmmumwmwm
Member of the Worid Tracke Oranization for which that eaviiar spplication wes fed (Rule 4. 10(bXE))._

Box No. Vil INTERNATIONAL SEARCHING AUTHORITY

Cholce of Intamational Sesrching Authority (ISA) (¥ iwo ar mars intemetional Searching Autharities are campetent i carry out the ilsmations search,
indicela the Autharity chassn; the iwo-lermr code mey be used) ©

ISAl EP

Request 1o ume resuits of sartier ssarch; reference Lo that saarch (7 sn esrier ssarch has been carried aut by or requested from the intematonad
Sasrching Authorily).

Date (daymonthiyeer) Number Couniry (or mgional Office)

Hox No. Vil DECLARATIONS

The fallowing deciarations are contsined in Baxas Nos. VIII (1) to {v) (merk the Number of
appiicable chech-horas beiow and indicats in the right colurn tha number of Declarations
each type of daciaration);
[0 Box Na. VIII(j) Declaration as ta the identity of the invantor
O Box No. VIli(i) Daclaration as 1o the applicant’s sntidement, as at the internationa filng date. lo
apply for and be granied s patent
O Box No. Viil(ii) Deciaration as 1o the applicant's snfitement. as sl the internalionai fiing date. to
claim the priority of the earlier applicaticn
] Box Na. Viliflv) Declarytion of inventorship (only for the purposes of the designation of the United
States of America)
O Box No. Viii(v) Declaration as to non-prejudicial disciosures or exceptions to tack of novelty

Form PCT/ROMO1 (last sheet) (March 2001) Sea Notes to the reques! form



ShnlNu._E'_

Box No. IX CHECK LIST; LANGUAGE OF FILING

This intermational appilcation contains:
(a) tha following number of
shests In paper form:
request (including
deciaration sheats)
duu'ipthn_(c_::bd‘mg
saquence listing part)
claims
abstract
drawings
Sub-total number of sheets
sequence lsting part
of description {aciusl number
of aheers if fijed in paper
form, whether or nat aiso
fied in computer mydabls
form: see (b) befow)

Total number of shests

(b) sequenca listing part of description filed in
camputer resdabls form

® O oniy (under Section 801(a)()

(under Section 801(a)(¥))

indicated under itemn B{i}, in right colurnn):

27

(i) I in edition to being fied in paper form

Typs snd numnber of carriers (duketts, CD-
ROM, CD-R or other) cn which tha sequence
listing part is contained (ackiitiona! caples fo be

This Intemational application is accompanled by tha following
Htemis) {mark the applicable checik-boxes bolow and Incicate in rght
column the numbar of each itam):

(8 tee calculaton sheet

[ original separate power of attomey

[ original general power of sttomey

X copy of general power of atiorney; refarence number,
if amy:

N~

O statement explaining lack of signature
[ pricrity document(s) identified in Box No. VI as
iam(s):

7. O transiation of international application into
(tanguage):

8. 0 separate indications conceming depositad microorganism
or other blological material

9. [0 sequence lsting In computer madabils form (indicate also type
and number of carmers (diskatte, CO-ROM, CD-R er other))

® [ copy submitted for the pumposes of international search
under Rule 13ier only (and not a3 part of the
Iinternational application)

@ [ (only where check-box (b){i) or (b)(N) is marked in leit
column) sdditional copies induding, where applicable,
the copy for the purposes of intemations! ssarch under
Rule 13ler

(i) CJ togethar with relevant statament as to the identity
of tha copy or coples with the sequenca listing part
mentioned in left celumin

10. [0 other (spacify):
covar istier to USRQ; Return Postcard

Number
of iems

Figure of the drawings which 0
should accompany the absiract:

Language of Filing of the

Iintamational appfication: English

Box No. X SIGNATURE OF APPLICANT, AGENT, OR COMMON REPRESENTATIVE
Next o spch sipnature, indicats ihe name of e TN SipAING and e capatily in which the Serses signe {d mch capacly & nal obvious fom resding e Rquest).

By,

The Dow Chemical Company

(S Bl

Tai-Sam Choo

1. Daie of actual racsipt of the purportec
international application;

2. Drawings:

the purportad inlemational application:

3. Carrected date of actual recaipt due 1o later but
timely received papars or drawings compisting

O raceived:

4. Date of timely recsipt of the required
comections under PCT Articte 11(2):

[ not recaived:

5. Internatonal Searching Authority
{if two or more are competent). (SN

6. D_?un.lminal of search copy
delayed untli search fee is pald,

Date of receipt of the record copy
by the Intsmational Bureau:

Form PCTIROMOY (ast shaet) (March 2001)

See Notes to the request form




This sheet it part of and Joas not count as @ shest of the imernat. . application. ‘d,

PCT

FEE CALCULATION SHEET

Annex to the Request

Applicant's or agent’s
fis refsrence G0B5BA

IDntn stamp of the receiving Offica

Far Receiving affica use only

Applicant
The Dow Chemical Company

CALCULATION OF PRESCRIBED FEES
1. TRANSMITTAL FEE

2. SEARCH FEE

[5 240.00| T

Intemational aesrch to be camied out by ISA/EP

3. INTERNATIONAL FEE
Basic Fee

Whaere ltem (b) of Bax No. IX applies, enter Sub-fotal number of shaety
Whaere itam (b) of Box No. IX does not apply, enter Total number of shests

D] frst 30 ghaets |$

S 846.00| S

27

382.00 | b1

b2 0 xs __ 9.00 - li

0.00| b2

number of sheets fes per shesat
in axcess of 30
Additional component (only if sequence listing part of deacription is
b3| filed in computer readable farm under Sectian 801(a){), of bath in
that form and on paper, undar Saction 801{a)("):

400X § -ls

b3

fea per sheet

Add smounts entared al b3, b2 and b3 and enter tofal 2B ................... |$ 382.00| B

Designation Fees

The international application containa 87

5 x g _ 8200 - s av200(D

number of designations amount of designation fee
payable {maximum &}

Add amounts sntered al B and D and enter total a1 !

s s7400]1

4, FEE FOR PRIORITY DCCUMENT (i applicable)

5. TOTAL FEES PAYABLE

kb 1s00[P

Add amounts entered gt T, S, | and P. and enter total in the TOTAL box

s 1,975.00
TOTAL

(] The designation feas are not paid at this time.

MODE OF PAYMENT
= authorization to charge

AUTHORIZATION TO CHARGE {OR CREDIT) DEPOSIT ACCOUNT
This mode of paymant may nat be available st afl receiving Offices)

& Authorization to charge the totai fees indicated above.

B (Tis check-bax may be marked only if the conditions for depoait accounts
of the receiving Offfce so parmit) Authorization to charge any deficisncy
or credit any overpayment in the iotal fees indicated above.

& Authortzation to charge the fee for priarty document

deposit account (see balow) O postal money arder O cash O coupona
3 cneque 1 bank draft O _revenue stamps 0] other (specity):

Recaiving Office: RO/US
Deposit Account Ne.: 04-1512

Date: 09 May 2001

Nam:'l‘ai-Sam Choo

pa—""

Signature: Ca", %

Farm PCT/RO/101 (Annex) (March 2001)

See Nolss io tha fee Ceiculstion sheet
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GENERAL POWER OF ATTORNEY - PATENT COOPERJTI T

General Appointment of Agent i
The undersigned applicant, THE DOW CHEMICAL COMPANY, a corporation ofganized and exisli tate

of Dalaware, United Sthtes of America, and whose afficial address is 2030 Dow Center, Midland, Michigan 48874, United States
of America, hereby appoints as individual agents:

USFTO USFTO USPTO
Attormey/Agent Name Reg. No. | Attorney/Agent Name F:‘eg Attomey/Agent Name Reg. No.
- Q,
"BLACK, Edward W. 36454 | JOZWIAK, Elisabeth T. 41,101 | SCHULTZ, Dale H. 36,267
"CAVENDER, Carol J. 27,819 | KANUCH, Bruce M. 24,623 | SHEPHERD, Philip D. 28,905
CHOO, Tai-Sam 28,370 | KARADZIC, Dragan J. 28,024 | SIMS, Norman L. 30,885
CHRISTY, M. Robert 42,414 | KIMBLE, Karen L. 26,995 | SPENCER, Lee 43.353
DAMOCLES, Nemia C. 28,388 | KORFHAGE, Glena H. 27.204 | STORER, Shelley D. 45,135
DELINE, Douglas N. 29,148 | KRUPP, Stephen F. 34,386 | TREANGEN, John B. 38,343
DICKERSON, James H., Jr. | 29,297 | LELKES. Robeart S. 33,730 | ULMER, Duane C. 34,041
" ORAKE, James J. 34,584 | MAURER, Charles J., (I 33,065 | WAKEFIELD, Charles P, | 37.749
FARRELL, Danlel R. 28,509 | MCKINNEY, Osborne K. 40,084 | WARRICK, Noreen D. 34,583
FIFIELD, David H. 26,728 | MILLER, William B. 32922 | WILLIS, Reid S. 35,420
[ GLENN, Michasl L. 28,849 | MORSE, Jonathan W. 30,200 | ZERULL, Susan M. 38,367
HALLDORSON, Burke M. 24,642 | NILSEN, Kevin 41510 | ZETILER, Lynn M. 35.797 |
[ HANSBRO, Kevin R. 38,485 [ PELTON, James M. 24,551
HAYHURST, Paul D. 30,180 § PRIETO, Joe R. 30,887
"HOPPE, James T. < | 35899 [ RUHR, Paula Sanders 32,585
HOWARD, Dan R. 30,070 | SCOTT, Mark S. 43,101

all of THE DOW CHEMICAL COMPANY or its affiliated companies for which The Dow Chemical Company has control, to act on
behalf of THE DOW CHEMICAL COMPANY bafore the competent International Authorities in cannection with any and all
international applications filed by THE DOW CHEMICAL COMPANY and of which THE DOW CHEMICAL COMPANY is an
applicant.

The appiicant also hereby appoints as agents: Beatrice E. Goldener, Dorathee Von Cunow and Niek H.M. da Jong, all of
affiliated companies for which The Dow Chemical Company has control and ail registered to practica before the European Patant
Office to act on behalf of THE DOW CHEMICAL COMPANY before the European Patent Office as international Searching
Autharity and intemational Preliminary Examining Authority in connection with any and all international applications filed by THE
DOW CHEMICAL COMPANY and of which THE DOW CHEMICAL COMPANY is an applicant.

Signed at: Midland, Michigan 48674, United States of Amenca this Ll dayof _ J adth . . 2001,
THE DOW CHEMICAL COMPANY

CORP.
SEAL Byiﬁiél/ﬁ 7?’-—
HAM E. TAYLDR

Associate General Counsel, Inteilectual Property

NOTARIAL CERTIFICATE (Corporation)

UNITED STATES OF AMERICA ) - l
STATE OF Michigan ) §8 ﬁ 53 114 ;
County/Parish of Midland ) 4.5 4 E‘ !
onthis 2b day of WM&L‘-/ 200/ , personally appea re me !

GRAHAM E. TAYLOR, Asaoclate General Counsel, Intstlectual Property, THE DOW CHEM o
knawn or identified 1o me to be the individual described in and who executed the foregoing document and acknawledged the
same as a free act and deed for uses and purposes therein expressed by authority of the said Corporation incorporated under the
laws of the State of Delaware, United States of America.
| further certify that said authority, dated September 7, 1999, is based on a Resolution of the Board of Directors of the sald
Comoration which | have seen, appointing the said individual Attorney-in-fact with full power to sign the foregoing document
on behalf of the said corperation and that the purposes for which said document is granted are within the scope of the objects or

aclivities of said corparation. Z! ( “ . :

SEAL Notary Pubiic

ANN HERITIER
NOTARY PUBLIC, BAY COUNTY, MICHIGAN

<ACHNGAAIQLALS oty npiucs
MY COMMISSION EXPIRES DECEMBER 3, 2002
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Tha Dow Chemicai C
CERTIFIED RESOLUTION Meiang, Michigan 28672

Graham E. Tavlor Granted Authority to Sign Patent Documents

RESOLVED, that Graham E. Taylor, the Company’s Assistant General Counsel ~ Intellectual
Property, be and is hiereby authorized, empowered and made Attomey-in-Fact, to sign on behalf
of The Dow Chemical Company such formal papers as must bear 8 Company signature for use in
the Patent Office of any nation (a) to accompany or to complete applications for patent, design, or
utility model, or reissues, extensions or renewals thereof: (b) to make statutory disclaimers of the
remaining term of patents; (c) to initiate at any administrative level on behalf of this Company
oppositions, nullity actions or cancellation proceedings with respect to the patents, or applications
for patents of others; (d) to endorse patents as available for license; and (e) 10 constitute the

acceptance by this Company of an assignment from inventors, or the certification that such
assignment exists; and

FURTHER RESOLVED, that the signature of Graham E. Taylor on behalf of The Dow Chemical
Company on such patent papers shall have the same force and effect as that of any duly qualified
officer of The Dow Chemical Company, and the signature of Graham E. Taylor on any of the
. above-specified papers that may require the corporate seal of The Dow Chemical Company may
be attested and the seal affixed by the Secretary or an Assistant Secretary of this Company; and

FURTHER RESOLVED, that this resolution and the power herein granted shall remain in force
until revoked by action of this Board of Directors; and

FURTHER RESOLVED, that this resolution and the power herein granted is effective September
15, 1999, upon which date the resolution adopted by this Board of Directors on July 14, 1994,
which granted a power similar to that herein granted and the power therein granted shall be
revoked and superseded by this resolution and the power herein granted; and

FURTHER RESOLVED, that the Secretary or an Assistant Secretary of this Company may
certify copies of this resolution and power, as may be required from time to time, for use in
various nations in respect to matters occurring while the power is in force.

Certification

I, Tina S. Van Dam, Assistant Secretary of The Dow Chemical Company (the “Company”), do
hereby certify that the foregoing is a full, true and corrett copy of a resolution adopted at a
meeting of the Executive Committee of the Board of Directors of the Company, held st the
offices of the Company in Midland, Michigan, on the 7* day of September, 1999, at which
meeting a quorum of the Board of Directors was preseat, and that, as of the date below, such

resolution has not been revoked, annulled or modified in any manner whatsoever, and is in full
foree and effect.

IN WITNESS WHEREOF, I have hereunto set my hand and affixed the corporate seal of the
Company this 7* day of September, 1999.

Tina S. Van Dam, Assutmt Secretary
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From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY
Ta:
ZETTLER, Lynn M.
The Dow Chemical Company INVITATION TO CORRECT
Intellectual Property DEFECTS IN THE DEMAND
P.0.Box 1967 g ; . \LL.. .
Midland, Michigan 48641-1967 PR 'ﬂ \-““ TR
ETATS-UNIS D'AMERIQUE { \./ (PCT Rule 60.1)
N>
R F e |
Lo ' Date of mailing .
(dayfmonth|year) r’ 1 m 62
Applicant’s or agent’s file reference REPL E within ONE MONTH frem
608584 lshe: I.II:;ve h:o"\:d mailing.
(nternational application No. national filing date {day/month/year) ,
PCT/US 01/ 15001 0s/05,200RECEIVED |
Applicant )
JAN 17 2002

DOW GLOBAL TECHNOLOGIES INC. et al.

The applicant is hereby invited within the lime limit indicated above to correct the following lHul:I wEiIE this [nternational

Preliminary Examining Authority has found in the demand for international preliminary examination:
[[] 1t doen not contain the election of st least one Contractng State bound by Chapter IT (Rules 53.2(a)iv) and 53.7).
[] 1¢ does not permit identification of the international application to which it retates (Rule 60.1(b)).
D it does not contain the required petition (Rules 53.2(a)(i) and 533).
[:I it does not contain the required indications concerning the agent as specified in the Annex (Rules 33.2({2)(ii) and 53.5).
[] It does not contain the required indications concerning the international application az specified in the Annex
(Rules 53.2(a)(iii) and 53.6).
[[] teis not submisted in the required language which is: (Rule 35.1).
7. [C] n is not made on the printed form (rule 53.1(a)).

3. D :al:hp‘sg‘;(lrj? as a computer print-out the particulurs of which do not comply with the Administrative [nstructions

9. [ 1t does not contain the required indications coneerning the applicant as specified in the Annex {Rules 53.2{a)(i) and 53.4).
10. D It does not contain the required signature as specified in the Annex (Rules 53.2(b) and 53.3).

bop W oN -

Efects of the date of receipt of the corrections on the date of receipt of the demand:

(i) If the defects noted under items 1 and 2 are corrected within the tme limit indicazed above, the demand shall be considered as
if it had bren received on the date when the corrections are received (Rule 60.1(b)). [f that date is later than the expiration
of 19 months from the priority date, entry into the nazional phase before the elected Offices will NOT be postponed until

the expiration of 10 months from the priority date.

(ii) If the defects noted under jtems 3 to 10 are corrected within the time limit indicatm above, the demand shall be considered as
if it had been received on its actual filing date (Rule 60,1(b))-

Effects of failure to correet the defects within the time limit indicoted above:
(i) In the ease of defects noted under items 1 to 8, this Authority will declare that the demand is considered as if it had not been
submitted

() In the cage of defects noted under items 9 and 10, this Authority will declare thar the election(s) of the State(s) concerned is [are)
considered as if it (they) had not been made.

A copy of thit invitation has been =ent to the International Sureau.

Name and mailing address of the IPEA/ Authorized officer
T = European Pazent Office

D-80298 Munich
Q Tel. (+49-89) 2399.0, Tx: 523656 cpmu d KENNEDY M B
_ =7 Fax: (+49-89) 23994465 e (445,89 239 2976
Form PCT;IPEA/04 (July 1998) P20458 7200 _
- & ’
r



ANNEX TO
FORM PCT/IPEA/404

International agplication No.

PCT/US 01/ 15001 v

Continuation of item 4: As to indications concerning the agent (Rule 4.4), the demand:

a D does not properly indicate the agent’s name (1pecify’);

b. D docs not indicate the sgent’s address,
c. D does not properly indicate the agent's address { specify):

For

[] the international fiting date.
[J the international application number.

Continuation of item 5 As Lo indications concerning the international application, the demand does not indicate:

D the name of the receiving OfFice, where the international application number, was not known to the applicant at

the time the demand was filed.
[[] the titie of the invention.

L

b.

[- 8

f.

[] does not indicate all the applicants for the elected States.
El_ does not properly indicate the applicant’s name {spedfy):

0;“-3- G‘ L‘L“_-L (‘a-l.Lv\-L'a,. ) \'.;" 3-}" -

Ei doex not indicate the applicent's address.
D does not properly indicate the applicant’s address (speeify):

[] does not indicase the applicant’s nationalicy.
[] does not indicae the applicant’s residence.

Continuation of item 9: As to indications concerning tiwe applicant (Rules 4.4 and 4.5), the demand:

~ ' . ?
L.-‘ *-—*h—t-r-ok ci'--rb--\.-.. .

Recas

g

a

b.

[=%
H

D is not signed.
|:| iz not signed by all the applicants for the elected States.

Continuation of item 10: As to indications concerning signature (Rules 4.15 and 90.4), the demand:

[] is not accompanied by the statement referred 10 in the check list in Bax No. VI of the demand explaining the lack
of the signature of an applicant for the election of the United Siaes of America.

[:I is tigned by what appears to be an agent/common representative but

D the demand iz not accompanied by a power of atlarney spipointing him.
D the power of attorney accompanying the demard is not signed by all the applicants for the elected Statex.

Form PCT/IPEA /408 [Annex) {July 1998)



PATENT COOPERATION TREATY t/ b

From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT

To:
ZETTLER, Lynn M.
The Dow Chemical Company

NOTIFICATION OF RECEIPT

Intellectual Property OF DEMAND BY COMPETENT INTERNATIONAL
P.0.Bax 1967 PRELIMINARY EXAMINING AUTHORITY
Midland, Michigan 48641-1967 ]

and Administrative Instructions, Section 601(a))

iy monher) 116102
Applicant’s or sgent’s file reference IMPORTANT NOTIFICATION
60858A
[nternational spplication No. (nternational filing date (day/mondhjyear) Priority date (day/monthjysar) H
PCT/US 01/ 15001 09/05/2001 02/06,/2000 ’
Applicant

DOW GLOBAL TECHNOLOGIES INC. et al.

1

4.

The ?Iiunt iy hereby notifted that this International Preliminary Examining Authority considers the following date ax the
date of receipt of the demand for international preliminary examination of the international application:

2441272001

This date of receipt is:

§€] the wctual date of receipt of the demand by this Autherity (Rule §1.1(b)).
{7] the sctual date of receipt of the demand on behalf of this Authority (Rule 59.3{e)).

D the date on which this Authority has, in response Lo the invitation to correct defects in the demnand
{Form PCT/[PEA/a04), received the required carrections.

I:I ATTENTION: That date of receipt is AFTER the expiration of 19 months fram the priority daze, Consequently, the
electicn(s) made in the demand does (do) not have the effect of posipening the entry into the neonal phese until 30
months from the priority date (or Iazer in some Offices) (Article 39({1)). Therefore, the acts for entry into the national
phase must be performed within 20 months from the priority date (or lazer in some OiTices) {Article 22). For details, see
the PCT Applicant’s Gulds,V olume [1.

D (If applicable) This notification confirms the information given by telephone, facsimile transmission ar in person
on:

Only where paragraph 3 applies, a copy of this notificalion has been sent W the [nternational Bureau.

|

Name and mailing address of the [PEA/ Authorized officer

T = European Patent Office
_0)» D-30198 Munich KENNEDY M B

Tel. (+49-89) 2399-0, Tx: 523656 epmu d
Fax: (+49-39) 2399-4265

Tet. (+49-39) 2399-2975

Form PCT/IPEA/a02 (July 1998) P20452 {08/01/2002)




PATENT COOPERATION TREA

From the

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

Tox
ZETTLER, Lynn M.
The Dow Chemical Company
Intellactual Property

P.0.Box 1967 e

| 1.7
CT: ¥

WRITTEN OPINION

Midland, Michigan 48641-~1967 4’ \ (PCT Rule €6)
ETATS-UNIS D'AMERIQUE _ ,.'\ D%
Date of mailing
(day/monthfyear) 07/702/2002
Applicant’s or agent’s file reference REPLY D snin 1/ 00
60858A from the sbove date of mailing ’_
International spplication No. International filing date ( }year) Priority date (diry/month/ysar) .
1
PCT/US 01/ 15001 0970572001 02/06/2000 )

CO8F279/02

International Patent Classification {IPC) or both national classification and [PC

Applicant
THE DOW CHEMICAL COMPANY et al.

2. This opinion contains indications relating to the following jtems:
t [X]
n[]

ur [X]

v []
v[X

vi []
vt []
vin []

3. The applicant iz hereby invited to reply to thir opinion.

Basis of the opinion
Priority

Lack of unity of invention

Reasoned statement under Rule 66.2(a)(ii

citations and explmnations supporting i

Certain documents cited

Certain defects in the international application

to grant an extension, see Rule 66.2(d).

For the examiner’s o

4, The final date by which the international preliminary
examination report must be established according to Rule 69.2 in:

I. This written opinion is the first drawn up by this International Preliminary Examining Authority.

Non-establishment of opinion with regerd to novelty, inventive step and industrial applicability

with regard 1o novelty, inventive step or industrial applicability;
aternent

Certain cbservationt on the international application

When? See the time limit indicated above. The spplicant may, before the expiration of that time limit, request this Authority

How? By submitting & written reply, accompanied, where appropriate, by amendments, according to Rule 663.
For the form and the language of the amendments, sec Rules 663 and 66.9.
Also For an additional ortunity to submit amendments, see Rule 66.4.

ation to consider amendments and/or arguments, see Rule 66.4bir.
For an informal communication with the examiner, sce Rule 66.6.

If no reply is filed, the international prefliminary examination report will be esablished on the basis of ﬂuFEBul. 5 2002

RECEIVED

Name and mailing address of the IPEA/
N European Patent Office

Authorized officer
Examiner

D-20298 Munich
Tel. {+49-89) 2399-0, Tx: 523656 epmu d

" Fax: (+49-39) 2399-28465

Formalities officer
(incl. extension of tirme limits)
Tel (+49-39) 2399 2828

Form PCT/IPEA/408 (cover sheet) (July 1998)
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WRITTEN OPINION Intemation application No. PCT/US 01/ 15001

. Basis of the opinion

1.  The basis of this written opinion is the application as originally filed.

. Non-establishment of opinion with regard to novelty, inventive step and industrial
applicabllity

2. The question of whether the claimed invention appears to be novel, to involve an
inventive step, or to be industrially applicable has not been and will not be the subject
of the international preliminary examination (Article 34 (4) (a) (i) (ii) PCT; see also
intemational search report) in respect of:

2.1 Applications having an unnecessary plurality of independent claims (generally not more
than 1 independent claim in the same categoary is necessary; Article 6 PCT);

2.2 unsearched subject-matter (Article 17 (2) (a), Rule 66.1 (e) PCT), e.g.
2.2.1 claimed subject-matter under Rule 39.1 PCT,

2.2.2 applications where the description, the claims, or the drawings fail to comply with the
prescribed requirements to such an extent that no meaningful search could have been
carried out;

2.3 claimed subject-matter under Rule 67.1 PCT.

V. Reasoned statement under Rule 66.2(a)(ll) with regard to novelty, Inventive step or
Industrial applicabliity

3. Tothe extant that the international preliminary examination has been carried out {see item
il above), the following is pointed out:

In light of the documents cited in the international search report, it is considered that the
invention as claimed in at least one of the independant claims does not appear to meet the
criteria mentioned in Article 33 (1) PCT, i.e. does not appear to be novel and/or to involve
an inventive step.

4. If amendments are filed, the Applicant must comply with the requirements of Rule 66.8
PCT and indicate the basis in the originally filed application of the amendments made
(Article 34 {2) (b) PCT) otherwise these amendments will not be taken into consideration
for the establishment of international preliminary axamination.

The attention of the applicant is drawn to the fact that if the application contains
an unjustified plurality of independent claims no examination of any of the claims will be
carried out.

Form PCT/408AE1 (EPO-March 2001)



POLIMEROS AROMATICOS DE MONOVINILIDENO CON DUREZA Y

RIGIDEZ MEJORADAS Y UN PROCESQO PARA SU PREPARACION

La presente invencién se refiere a composiciones

de polimercos aromdticos de monovinilideno reforzadas

con hule del tipo aludido comGnmente como
*poliestireno de alto impacto® o “HIPS”". Mis
particularmente, la invencién se refiere a tales
composiciones en las cuales las particulas

reforzadoras de hule se producen a partir de un hule
de polibutadieno especifico, tienen una distribucién
especifica de tamafilo de particulas y un proceso para

la produccién de tales composiciones.

Las composiciones poliméricas reforzadas con hule
del tipo HIPS se usan ampliamente en muchas
aplicaciones debido a su facilidad de moldeo, buen
brillo y generalmente buenas propiedades mecédnicas.
Se sabe desde alglin tiempo gque las combinaciones
mejoradas de brillo y propiedades mecénicas pueden
ser logradas en talee polimeros reforzados con hule
mediante la provisién de una distribucién asi llamada
*bimodal” en los tamafios de las particulas
reforzadoras de hule, es decir las particulas
muestran dos picos distintos en su distribucién de
tamafio. Esto se puede lograr combinando dos o mas de
tales resinas o componentes, teniendo cada uno un
grupo de particulas de hule gque tienen un tamafio
diferente de particula promedio. Se conocen varias
composiciones de polimeros aromdticos de
monovinilideno que tienen por lo menos doe grupos de

particulas de hule en donde los grupos tienen tamafios

V9



diferentes de partiIcula promedio. Ver por ejemplo
lag US-A-4,146,589, US-A-4,214,056 y US-A-4,334,039 y
EP-A-0 096 447, EP-A- 0 158 258 y EP-A- 0 152 752 que

describen tales composBiciones.

La US-A-4,493,922, describe también composiciones
de poliestireno reforzadas con hule gque tienen
distribuciones de tamafio de particula de hule
bimodales. Los tamafios promedio de particulas de
hule descritos para los grupos de particulas son de 2
a 8 micrbémetros (especialmente de 5 a 6 micrémetros)
para el grupo de particulas m&s grandes y 0.2 a 2.0
micrémetros para el grupo de particulas mids peguefias.

Como 8e dijo, B8e proponen un niimero de métodos
para lograr tal distribucién bimodal de particulas.
Por ejemplo, 1la US-A-4,153,645 describe un método
para la preparaciétn de un polimero tipo HIPS en el
cual se preparan dos composiciones poliméricas usando
procescs normalea de precduccién, las composgsiciones
que tienen diferentes tamafios promedio de particulas.
Estas dos composiciones poliméricas Be mezclan
entonces mediante un proceso de mezclado mecénico

eubsecuente.

Un enfoque alterno para producir polimeros de
HIPS con una distribucién bimocdal de hule ha sido
introducir corrientes de alimentacién de monémero y
hule en does puntos diferentes en el sistema de
polimerizacién. Esto resulta en un producto
polimérico que tiene generalmente un buen despliegue
amplio de tamafios de particula de hule. Ejemplos de
esto se describen en EP 0 015 752, US 4,334,039 y EP
0 096 447. Una desventaja de tales métodos eB que

las propiedades mecdnicas del producto resultante
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pueden ser algo pobres y dificiles de controlar.

Un enfoque adicional todavia se describe en US
4,146,589 y EP 0 048 389. En este método, se
preparan dos composiciones de pre-polimero que
contienen particulas de hule con diferentes tamafios
de particulas. Las composiciones de pre-polimero se
mezclan entonces Y polimerizan después para
propeorcionar un polimero que tiene una distribucién

bimodal de tamaifio de particula.

Otras referencias en esta &rea incluye la EP-
418,042 en donde el hule comprende un hule radial o
de estrella parcialmente acoplado, que tiene un
contenido de cise de menos de o igual a 70 por ciento,
JP 02762722 en donde el hule es una mezcla de un
polibutadieno elevado en cis de alto peso molecular y
un polibutadieno de bajo cis de bajo peso molecular,
y JP 95005789 en donde el hule es una mezcla de un
polibutadieno de alto peso molecular Y un
polibutadieno de bajo peso molecular, ambos teniendo
una estructura de cis de m&s de 80 por ciento. Sin
embargo, adn no se obtiene un balance deseable de
repiptencia al impacto y resistencia a 1la tensién

para algunas aplicaciones especificas.

Por lo tanto, es deseable alin obtener un polimero
aromitico de monobinilideno wmodificado con hule que
tenga un balance mejorado de propiedades de impacto y

tensidn para aplicaciones selectas.

La presente invencién es un polimero aromético de

monovinilideno modificado con hule gque comprende:



a)una matriz de polimero aromdatico de
monovinilideno,

b) particulas de hule dispersas en esa,
caracterizada porque las particulas de hule se
producen a partir de un hule dino que tiene I)
de 20 a 80 por ciento, c¢on base en el peso
total de dichas particulas de hule, de un
componente de alta viscosidad en solucifém gque
tiene un valor de viscosidad que fluctGa desade
110 hasta 500 centipoise y II) de 80 a 20 por
ciento, con base en el peso total de dichas
partfculas de hule, de un componente de baja

viscosidad en solucién gue tiene wun valor de

viscosidad gue fluctda desde 1 a 100
centipoise, caracterizada ademés porque la
relacién de viscosidad en solucién del

componente de alta viscosidad en solucién a la
viscosidad en solucién del componente de baja
viscosidad en solucién flﬁctﬁa desde 1.1 hasta
500, en donde ambos componentes I y II tienen
un contenido de 1,4 cise de mAs de 30 por
ciento, y 1III) el hule estd injertado con
polimero aromético de monovinilideno hasta el
punto en gque hay por lo menos 30 por ciento de
pelimero aromdtico de monovinilideno presente
como injerto en el hule.

c)

En una modalidad preferida la presente invencién
es un polimero aromdtico de monovinilideno modificado
con hule que comprende:

a) una matriz de polimero aromético de

monovinilideno,

b) particulas de hule dispersas en esa en la forma

de particulas pequefias y grandesg, en donde el



didmetro de volumen de particula promedio de
las particulas pequefias es de 0.1 a 2
micrémetros Yy el didmetro de volumen de
particula promedio de las particulas grandes es
de 2 a 6 micr6metros, caracterizada porque las
particulas de hule se producen a partir de un
hule de dieno que tiene I) de 20 a 80 por
ciento, con base en el peso total de dichas
particulas de hule, de un componente de alta
viscosidad en solucién que tiene un wvalor de
viscosidad gque fluctGGa desde 110 hasta 500
centipoise y II) de 80 a 20 por ciento, con
base en el peso total de dichas particulas de
hule, de un componente de baja viscosidad en
solucién que tiene un valor de viscosidad gque
fluctia desde 1 a 100 centipoise, caracterizada
ademds porgue 1la relacién de viscosidad en
solucién del componente de alta viscosidad en
solucién a la viscosidad en solucidén del
componente de baja viscosidad en solucién
fluctGa desde 1.1 hasta 500, en donde ambos
componentes I y II tienen un contenido de 1,4
cis de mds de 30 por ciento, y III) el hule
esté injertado con polimero aromdtico de
monovinilideno hasta el punto en gque hay por 1lo
menoe 30 por ciento de polimero aromético de
monovinilideno presente c¢omo injerto en el
hule, en donde 1la cantidad de hule en el
polimero representa de 2 a 20 por ciento con

base en el peso total del polimero.

Otro aspecto de 1la presente invencidédn es un
proceso para preparar un polimero aromédtico de

monovinilideno modificado con hule que comprende los



pasos de: (a) suministrar continuamente una mezcla de
reaccién que comprende un monémerc aromAtico de
monovinilideno y un hule dieno disuelto a un medio de
reactor, (b) polimerizar continuamente el monémero
aromdtico de monovinilideno en la presencia del hule
dieno disuelto en el medio de reactor bajo

condiciones por 1las gque ocurre subsecuentemente 1la

inversién de fase, (c} remover continuamente del
medio de reactor un pelimero aromiatico de
monovinilideno reforzado con hule dieno, dicho
proceso estd caracterizado porque: (d) el hule dieno

que estd disuelto en la mezcla de reaccidédn tiene I}
de 20 a 80 por ciento, con base en el peso total de
dicho hule dieno, de un componente de alta viecosidad
en s8olucién que tiene un valor de viscosidad que
fluctGa desde 120 hasta 500 centipoise y II) de 80 a
20 por ciento, con base en el peso total de dicho
hule dieno, de un componente de baja wviscosidad en
Bolucién que tiene un valor de viscosidad que fluctda
desde 1 a 100 centipoise, caracterizado ademés porque
la relacién de viscosidad en solucibén del componente
de alta viscoesidad en solucién a la viscosidad en
Bolucién del componente de baja viscoeidad en
solucién fluctGa desde 1.2 hasta 500, en donde.ambos
componentes I y II tienen un contenido de 1,4 cis de

mi&s de 30.

En una modalidad preferida, el proceso comprende
ademd@s (e) en donde las condiciones del proceso antes
de la inversién de fase se ajustan para producir
diferentes grupos de particulas de hule dieno a
partir de 1los componentes de alto y bajo pesos

moleculares del hule dieno, cada grupo teniendo un



tamafic promedio diferente de particula de hule.

Los polimeros aromédticos de monovinilideno
adecuados para la presente invencién 8son agquellos
producidos mediante polimerizacién de un monémero
aromdtico de wvinilo. Los monémeros aromdticos de
vinilo incluyen, pero no estén limitados a aquellos

descritos en US-A-4,666,587, US-A-4,572,819 y US-A-

4,585,825, De preferencia, el monébmero es de la
férmula:

Ar—C=CH;
en donde R’ es hidrégeno o metilo, Ar es una

estructura de anillos aroméiticos que tiene de 1 a 3
anillos aromidticos con o sin substitucién con
alquilo, halo o haloalquilo, en donde cualguier grupo
alguilo contiene de 1 a 6 &tomos de carbono vy
halocalquilo se refiere a un grupo alquilo substituido
con halo. De preferencia, Ar es fenilo o]
alquilfenilo, en donde alquilfenilo se refiere a un
grupo fenilo substituido c¢on alquilo, siendo el
fenilo el més preferido. Los monémeros aromdticos de
vinilo tipicos que se pueden usar incluyen: estireno,
alfa-metilestireno, todos los isbmeros de vinil
tolueno, especialmente paraviniltolueno, todos los
is6bmeros de etil estireno, propil estireno, wvinil

bifenilo, wvinil naftaleno, y vinil antraceno y sus

mezclas. Los monémeros aromiticos de vinilo @ee
pueden combinar también con otros monémeros
copolimerizables. Ejemplos de tales mondémeros
incluyen, pero no estdn limitados a monbémeros

acrilicos tales como acrilonitrilo, metacrilonitrilo,

dcido metacrilico, metacrilato de metilo, dcido
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acrilico, Y acrilato de metilo; maleimida,
fenilmaleimida y anhfidrido maleico. Se prefiere, s8sin
embargo, para la préactica de la presente invencién
usar ya sea menos de 10 por ciento en peso o
substancialmente ningin otro monémero
copolimerizable. La distribucién especifica de
tamafio de particula ya no es 6ptima para grandes
cantidades de uno o m&s de estos monSmeros. En
general, los monémeros aromdticos de monovinilideno
preferidos son estireno, alfa metil estireno, undé o
mis de los isbémeros de vinil tolueno, y/o mezclas de
dos o mads de estos, siendo el estireno el c¢ompuesto

aromdtico de monovinilideno méds preferido.

El polimero aromético de monovinilideno tiene
tipicamente un peso molecular (Mw) en promedio de

peso desde aproximadamente 120,000 hasta 500,000.

Los hules empleados de preferencia en la préctica
de la presente invencién 8son aquelloe polimeros vy
copolimerce que exhiben una temperatura de transicién
de sequndo orden la cual no es mayor de 0¢ C, de
preferencia no mayor de -200° C y mads preferiblemente
no mayor de -400° o segiin determinacién o
aproximaci6n usando técnicas convencionales, por
ejemplo, Método de Prueba ASTM D-746-52 T.

Los hules altamente preferidos son polimeros de
alcadieno. Los alcadienos adecuados son dienos
conjugados en 1,3 tales como butadienoc, isopreno,
cloropreno o piperileno. Loa mé&s preferidos son
homopolimercs (exceptuando cualesquier monémeros de
acoplamiento) preparados a partir de dienos
conjugados en 1,3, con tales homopolimeros de 1,3-

butadieno siendo especialmente preferidos. Los hules
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de copolimero de alcadieno gue contienen cantidades
pequeflas, por ejemploc menos de 15, de preferencia
menos de 10% en peso, de otros monémeros talea como
aromiticos de monovinilideno pueden emplearse también
8i los hules cumplen las otras calificaciones
descritas en la presente. Los hules m&s preferidos
son homopolimeros lineales, radiales, de estrella o
ramificados aleatoriamente del 1,3-butadieno gue

tienen un contenido de cis de por lo menos 30%.

Los huleas adecuados para la presente invencién
pueden hacerse mediante polimerizacién anidnica o
polimerizacién de Ziegler-Natta bien conocidas por

aquellos expertos en la técnica.

Con respecto a los materiales de hule adecuados
para uso de acuerdo con 1la presente invencién, el
requerimiento esencial para el material de hule es
que tenga un componente de relativamente alta
viscosidad en solucidn Y un componente de
relativamente baja viscosidad en solucién, en donde
ambos componentes tengan un contenido de cis 1,4 de
por lo menos 30 por c¢iento. Los hules adecuados para
usoc en la presente son hules lineales, parcialmente
acoplados, llamados también hules radialea o de
estrella, hules acoplados completamente asi como
hules ramificados aleatoriamente, otros polimeros
ramificados y mezclas de hules, tal como una mezcla
de polimeros lineales y ramificados, que retinen 1los
requisitos para los materiales de hule a ser
empleados en esta invencién. Las moléculas de estos
materiales de hule tienen tres o mas segmentos de
pclimero acoplados mediante un elemento o compuesto

polifuncional sencillo. Los polimeros radiales o de



estrella que tienen este ramificado designado se
preparan convencionalmente usando un agente
polifuncional de acoplamiento. Los métodos para
preparar polimeros radiales o de estrella que tienen
ramificado disefiadoc son bien conocidos en la técnica.
Métodos para preparar un polimero de butadieno de
este tipo usando un agente de acoplamiento Bse
ilustran en US-A-4,183,877, US-A-4,340,690, UsS-A-
4,340,691 y US-A-3,668,162 y la Patente Japoneea 59-

24 711.

Como Be uga en la presente, los pesos moleculares
aludidos son 1los pesos moleculares en promedio de
pesc o Mw’s para los componentes de hule segin
determinacién mediante las técnicas cromatograficas
de permeacién en gel descritas por el Método de
Prueba ASTM designado D-3536 (poliestireno esténdar)
y expresado sin correccién para las diferencias entre

hule y poliestireno est&andares.

Los hules dieno m&s adecuados para esta invencién
contienen dos componentes distintos, los cuales estén
constituidos por un hule dieno de relativamente alta
viscosidad en solucién Y un hule dieno de
relativamente baja wviscosidad en s8solucién. Méis
particularmente, el componente de baja viscosidad en
solucién de hule dieno dtil para la presente
invencién tiene valores de viscosidad en solucién
desede 1, generalmente desde 5, de preferencia desde
10 y mids preferiblemente desde 20, hasta 100,
generalmente hasta 95, de preferencia hasta 85 y 1lo
mds preferible hasta 75. El componente de 1lata
visecosidad en 8olucién de hule dieno Gtil para 1la

presente invencién tiene valoreas de viscosidad en

2B
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Bolucién desde 110, generalmente desgde 115, de
preferencia desde 120 y mAs preferiblemente desde
150, hasta 500, generalmente hasta 450, de
preferencia hasta 430 y lo mds preferible hasta 400.
Los componentes de baja y alta viscosidad en solucién
de hules dieno fitiles para la presente invencién
estdn caracterizados adem&s porque la relacidén de
viscosidad en solucién del componente de alta
vigcosidad en solucién a la viscosidad en solucién de
baja viscosidad en solucién fluctfia desde 1.1,
generalmente desde 1.26, de preferencia desde 1.53 y
més preferiblemente desgde 1.76, hasta 500,
generalmente hasta 90, de preferencia hasta 40 y més

preferiblemente hasta 21.5.

Adem&s, con el fin de obtener las proporciones
apropiadas de las particulas de hule pequefias vy
grandes, se prefiere 8i el componente de baja
viscosidad en solucién del material de hule
constituye de 20 a 80 por ciento en peso del
contenido total de hule de la resina, de preferencia
de 30 a 70 por ciento en peso. Lo més preferible
ningin componente es mis de 80 por ciento del hule

total en la composicién.

Ventajosamente, para preparar una resina
reforzada con hule usando té&cnicas de polimerizacién
en masa o masa/suspensién, la viecosidad en solucién
del hule del polimero de alcadieno, seglin medicién
como una solucién al 5 por ciento en peso en
estireno, serd mayor de 40 y menor de 400 centipoise
(cps) a 25° C cuando la viscosidad se mide usando un
viscosimetro capilar Canon-Fenske (capilar No. 400,

1.92 mm de di&metro interno).



Los valores de la viscosidad Mooney de los hules
tipo radial deben ser menores de 90, de preferencia
menores de 70 seglin medicié4n mediante DIN 53523. En
general, para tener un hule, gque sea suficientemente
B8lido para ser manejado y procesado de una manera
normal, el valor de viscosidad Mooney debe ser por lo
menos 20 y 8e prefieren los valores de por lo menos
30. El rango preferido para el valor Mooney esté
entre 20 y 90, mids preferiblemente entre 30 y 85, lo

mids preferible entre 35 y 80.

Aunque el hule puede contener una pequefia
cantidad de un agente de entrelazamiento, el
entrelazamiento excesivo puede resultar en pérdida de
lag caracteristicas ahuladas y/o volver al hule

insoluble en el mondémero.

El hule Be emplea ventajosamente en cantidades
tales que el producto de polimero reforzado con hule
contiene de 2 a 20 por ciento, de preferencia de 3 a
17 por ciento, mis preferible de 3 a 15 por ciento en
peso de hule o equivalente de hule, c¢on base en el
peso total del polimero aromdtico de monovinilideno

modificado con hule.

El término *hule” o “equivalente de hule” como se
usa en la presente para indicar cantidades en pesao de
material de hule pretende significar, para un
homopolimero de Thule (tal como polibutadieno),
simplemente la cantidad de hule, y para un copolimero
de bloque, la cantidad del copolimero hecho a partir
de monSmero(s) los cuales, cuando se homopolimerizan

forman un polimero ahulado. Por ejemplo, para



calcular la cantidad de hule en una composicién donde
se ha empleado un hule de copolimero de blogue
butadieno-estireno, el "hule” o “equivalente de hule”
de la composiciébn se calcula con base en solamente el
componente de butadieno en el copolimero de blogque.
Obviamente cuando se miden propiedades fisicas u
otros aspectos del material de hule, se refiere al
material de hule completo incluyendo cualesquier

comondmeros.

El producto de la presente invencién puede verse
como teniendo una distribucién de tamaifio de particula
de hule generalmente ampliada. En una modalidad 1la
presente invencién tiene una distribucién bimodal de
tamaﬂo'ée particula de hule con una cantidad critica
de particulas de hule grandes y pequeilas. La
presente invencién gque tiene tales distribuciones
resulta en un producto de resina el cual, en la forma
de articulcos moldeados, tiene combinaciones mejoradas
de resistencia al impacto y resistencia a la tensidn.

En una modalidad, ée acuerdo con esta invencién,
se ha descubierto de manera sorprendente gque los
productos que tienen una distribucidén de tamafio de
particulas de hule de este tipo tienen mejores
combinaciones de propiedades cuandeo, con base en 100
partes en peso de hule ©o equivalente de hule, (a)
particulas gue constituyen de 20 a 60 partes en peso
del hule tienen di&metros de 0.1 a 2 micré6metros, (b)
particulas gque constituyen de 60 a 20 partes en peso
del hule tienen didmetros desde 2 hasta 8

micrémetros.

En términos de una distribucién bimodal, Be

encuentra que como grupos de particulas, el grupo de

A



particulas mis pequefias debe tener un didmetro de
particula promedio volumen desde 0.2 hasta 2
micrSmetros, de preferencia hasta 1.8 micrémetros vy
lo m&s preferido hasta 1.5 micrémetros y el grupo de
particulas mds grandes debe tener un didmetro de
particula en promedioc de volumen desde 2.0, de
preferencia desde 2.5 hasta 5 micr6metros. En
términos de distribucién amplia, se encuentra que 80
por ciento de particulas estén en el rango desde 0.2

hasta 8 micrémetros.

Como sSe usa en 1la presgente, dicho tamafie de
particula es el didmetro de 1la particula de hule
seglin medicién en el producto resultante, incluyendo
todas las oclusiones del polimero de matriz con
particulas de hule, dichas oclusiones estdn presentes
generalmente en las particulas de hule dispersas de
un polimero reforzado con hule preparado usando
técnicas de polimerizacién en masa. Las morfologfas
tamafioe y distribuciones de particulas de hule, se
pueden determinar usando técnicas convencionales
tales como (para particulas méAs grandes) usando un
Coulter Counter (Coulter Counter es una marca
registrada) o, particularmente para particulas més

pegquefias microscopia de transmisién de electrén.

Con relacién a la morfologia de las particulas de
hule en los diferentes grupos, como es bien conocido,
las particulas més pequefias tienen tipicamente una
morfologia de cubierta de nGcleo (mencilla, oclusién
mayor ) o celular (mGltiple, oclusiones menores).
Las particulas mds grandes tendrian generalmente una

morfologfa celular o de oclusién miltiple similar.

4



El proceso de la presente invencién esta
caracterizado por la utilizacién de un hule gue tiene
componentes especificos de alto Y bajo pesos
moleculares bajo condiciones de proceso por las gue
la distribucién de tamafio de particula de hule antes
esapecificada se puede obtener con procesoe Yy equipo

de polimerizaciébmn esténdares.

En la preparacién de los peolimeros reforzados con
hule, sBe prepara una mezcla de reaccidén disolviendo
el hule en el (los) monémero(s) y la solucién de
monémero/hule resultante, aludida en la presente como
la mezcla de reaccién, se suministra a un medio de
reactor vy Be polimeriza subsecuentemente. La
cantidad de hule disuelta inicialmente en la mezcla
de reaccién depende de la concentracién deseada de
hule en el producto final de polimeroc reforzado con
hule, el grado de conversidén durante la
pelimerizacién y la viscosidad de 1la solucidn de
mezcla de reaccién. Egpecificamente, la viscosidad

de la golucién de la mezcla de reaccién es

ventajosamente menor de 3,000 centipoise. A
viscosidades m&s altas, la 8solucidén de mezcla de
reaccién es dificil de procesar. Siempre que la
viscosidad de la mezcla de reaccién no sea

indeseablemente alta, la s8solucién de mezcla de
reaccién comprenderd generalmente de 5 a 15, por
ciento en peso del hule, dicho por ciento en peso
siendo con base en las cantidades totales de hule y

monémeros empleados.

Opcionalmente, la mezcla de reaccién contendrd un
diluyente liquido orgénico. Los diluyentes liquidos

orginicos adecuadamente empleados son materiales



orglnicos normalmente liquidos gque no hierven en las
condiciones de polimerizacién empleadas y gque forman

una solucién con el monémero (3) polimerizable y el

polimero preparado a partir de los mismos. Los
diluyentes liquidos orgénicos representativos
incluyen hidrocarburos aromédticos (y aromidticos

substituidos de manera inerte) tales como tolueno,
benceno, etil benceno y xileno; alifdticos saturados,
saturados o substituidos de manera inerte, que tienen
cadenas ya 8ea rectas o ramificadas de 5 o més &tomos
de carbono tales como heptano, hexano y octano;
hidrocarburos aliciclicos © aliciclicos substituidos
de manera inerte que tienen 5 o 6 4tomos de carbono
tal como ciclohexano. Preferidos de tales diluyentes
liguidos orgédnicos son los aromAticos substituidos de
manera inerte, siendo los m&s preferidos etil benceno
Y xileno. En general, el liquido orgénico sBe emplea
en cantidades suficientes para mejorar la
procesabilidad y transferencia de calor durante la
polimerizacién, por ejemplo, caracteristicas de flujo
de la mezcla de polimerizacién. Tales cantidades
variarédn dependiendo del hule, monémero y diluyente
empleados, el equipo de proceso y el grado de
polimerizacién deseado. En general, si se emplea, la
mezcla de reacciédn contendrd normalmente de dos a 30
por ciento en peso del diluyente con base en el peso

total del hule, monémero y diluyente.

Durante la polimerizacién de la mezcla de
reaccidén reaultante, las condiciones de
pPolimerizacién se mantienen de tal manera gque ocurre
Bubsecuentemente la inversién de fase. Bajo tales
condiciones el monSmero Be polimeriza tanto con el

hule (injertado) y separadamente (polimero 1libre),



dicho hule disuelto se convierte con esto injertado
con una porcién de monémero polimerizado. E]l resto
del polimero libre, bé&sicamente incompatible con el
hule, forma una fase de polimero/monémeroc de volumen
mis pequefio discontinua dispersa en toda 1la fase
continua del volumen més grande de 1la s8olucién de

monémero/hule (incluyendo el hule injertado).

Eventualmente, en un punto después gque se han
formado cantidades suficientes de polimero libre, el
polimero libre Be convierte de una fase discontinua
digpersa en la fase continua del (de los) monémero(s)
ein polimerizar, a través de un punto en donde no hay
fases continua o discontinua distintas en la mezcla
de polimerizacién, hasta una fase continua de
polimero que tiene el hule disperso como particulas
discretas a través de la misma. Conforme la fase de
polimero/monSémero se convierte en la fase de volumen
més grande y por ende en la fase continua, el hule
injertado forma una fase discontinua. Este es el
punto en la polimerizacidédn cuando ocurre la inversién
de fase y el hule se vuelve disperso en la forma de
particulas a través de la fase continua de polimero
que resulta en un producto gque tiene particulas de
hule dispersas en una matriz de polimero aromltico de

monovinilideno.

De preferencia, en la inversién de fase, el hule

eati esuficientemente injertado de manera que las

particulas de hule dispersas, siguiendo el
dimensionado inieial, son capaces de retener
esencialmente los mismos tamafios de particula

promedio y propiedades morfolégicas en todo el resto

del proceso de polimerizacién. En una modalidad
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preferida, la cantidad de hule injertado es por 1lo
menos 30 por ciento del hule total en la inversién de
fasge. El grado de injertado del hule de dieno en el
punto de inversidén de fase tiene un impacto
significativo en las propiedades del polimero
modificado con hule resultante producido.
Generalmente, el nimero de injertos por cadena
contribuye al tamafio de particula, la estructura y la
cantidad de polimero de matriz ocluida dentro de las
particulas de hule. Niveles mayores de injertado
resultan en mayor contenido de gel, una cantidad més
grande de hule injertado y contenido de polimero
injertado mayor y de matriz ocluida dentro de las
particulas de hule. El contenido de gel incrementado
es altamente deseable porque permite gque sBe alcance
un volumen incrementado de fase de hule. El volumen
incrementado de fase de hule 8e puede alcanzar
también usando un hule de polibutadieno de alto peso
molecular, 8in embargo, incrementando el peso
molecular incrementa tipicamente la viscosidad de 1la
solucidédn también, haciendo el manejo y procesamiento
mids dificiles. En general, el hule de mayor
vigcosidad en solucibén resultarid en particulas de
hule més grandes y el hule de baja viscosidad en
solucién resultardn en particulas de hule méas

pequefias.

El control cuidadoso de retro-mezclado durante el
proceso de polimerizacién es critico para alcanzar el
tamafio deseado de particula de hule. En
congecuencia, un aspecto esencial de 1la presente
invencién es que antes de la inversi6n de fase 1la
polimerizacién debe proceder en una forma de tapén-

flujo con una cantidad limitada o minima de retro-
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mezclado. El tamafio deseado de particula de hule no
peré obtenido si la mezcla de reaccién de
polimerizacién se permite gque Be retro-mezcle
extensivamente o, pero aun, totalmente. Por 1lo
tanto, es preferible gque se controle o limite el
grado de retro-mezclado hasta un grado en que sge
pueda obtener el tamafio deseado de particula de hule.
El grado y tipo de control para la cantidad de retro-
mezclado dependera, en parte, de los aspectos
geométricos del equipo que sBe emplee en el proceso de
polimerizacién, el logxo de tal control eatd
completamente dentro de la capacidad de aguellos que
son expertos en la técnica usando técnicas
convencionales de control de proceso 8in
experimentacién indebida.

Al preparar composiciones bimodales en la
préctica de la presente invencién el proceso de
polimerizacién se debe conducir en condiciones tales
que en el punto de inversidén de fase, los componentes
de alta y baja viscoasidad en soluciédn del hule forman
grupos separados de particulas de hule gque tienen

diferentes tamafioe promedio de particulas.

Los aspectos del proceso de polimerizacidén que se
utilizan para alcanzar la distribucién de particula
de hule requerida incluye el uso de un iniciader
quimico promotor de injerto, tales como los

iniciadores de peréxido incluyendo los perésteres,

por ejemplo, perdxibenzoato de butilo terciario,
perSxiacetato de butilo terciario, perbéxido de
dibenzoilo, Y peréxido de dilauroilo, los

peracetales, por ejemplo, 1,1-bis peroxiciclohexano
de butilo terciario, l1,1-bis peroxi-3,3,5-

trimetilciclohexano de butilo terciario, y peroxido



de di-cumilo, y 1los percarbonatos; Yy técnicas de
iniciacién fotoquimica. Loe iniciadores preferidos
incluyen peroxibenzoato de butilo terciario, 1,1-bis
peroxiciclohexano de butilo terciario 1,1-bis peroxi-
3,3,5-trimetil ciclohexano de butilo terciario vy

peroxiacetato de butilo terciario.

Los iniciadores pueden ser empleados en un rango
de concentraciones dependiendo de una variedad de
factores que incluyen el iniciador especifico
empleado, los niveles deseados de injerto de polimerc
Y las condiciones en las cuales 8e conduce 1la
polimerizacién en masa. Especificamente, en el
proceso de polimerizacién en masa preferido para
preparar polimeros reforzados con hule, se emplea de
50 a 2000, de preferencia de 100 a 1500 partes en
peso del iniciador por millén de partes en peso de
monémero lo gue resulta en un producto gque tiene
particulas de hule dispersas en una matriz de

polimero aromldtico de monovinilideno.

Con tal iniciador el injertado en el componente
de alto peso molecular del hule es promovido y Be
forman injertos midltiples. Esto estabiliza estas
moléculas de hule en las 'mezclas de reaccibén vy
facilita la separacién de las moléculas de hule de
alto peso molecular del hule de menor peso molecular.
Esto contribuye a la formacifn de las particulas de

hule mas grandes.

El componente de menor peso molecular del hule,
por otra parte, que es el menos injertado, tiende a
formar las particulas mis pequefias algo mas tarde de

lo que se forman las particulas m&s grandes. También
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es deseable facilitar la formacién de particulas més
pequefias, 8eparadas para proporcionar una cantidad
incrementada de agitacién a la mezcla de reaccién
durante y bastante después del punto de la inversién
de fase. La inversién de fase tiene lugar usualmente
en un punto en el proceso de polimerizaciém donde la
mezcla de reaccién contiene un nivel de s86lidos el
cual, con base en por ciento en peso en la mezcla de
reaccién, es de 2.5 a 3 veces el contenido en peso
del material de hule agregado. Por lo tanto, de
preferencia e mantiene un nivel de agitacién
relativamente alto hasta un punto en el proceso de
polimerizacién donde la mezcla de reaccifédn contiene
un nivel de gbdlidos el cual, con base en por ciento
en peso en la mezcla de reaccién, es por lo menos 3,
de preferencia 4 veces el contenido en peso del

material de hule agregado.

Por ejemplo, cuando se agrega de 5 a 10 por
ciento en peso de hule a la mezcla de reaccién, se
mantiene agitacién relativamente alta hasta que 1la
mezcla de reaccidén contiene 30 por ciento en peso de
sélidos. Como Bse usa en la presente, el término
86lidos se refiere a los componentes poliméricos de
la mezcla de reacciém tal como el hule gue Be agregb
inicialmente Y el pelimero aromdtico de

monovinilideno gque se ha formado.

Dependiendo del equipo de produccién en
particular puede haber también otros aspectos del
proceso que se pueden utilizar para facilitar més la
formaci6én de la distribucién especifica de tamafio de

particula de hule.
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En general, se emplean métodos continuos para
polimerizar en masa el compuesto aromadtico de
monovinilideno en la mezcla de reaccién. En 1la
préactica de la presente invencién se prefiere
generalmente utilizar un reactor de tipo torre con
agitacién, de flujo 1lineal, estratificado, aludido
también como reactor de tipo tapén flujo. Tales
reactores son bien conocidos. Ver, por ejemplo 1la

Patente de E. U., No. 2,727,884,

Un aspecto importante de tales procesdsosn de
polimerizacifén es que una porcién significativa de 1la
polimerizacién del monémero aromdtico de
monovinilideno en la mezcla de reaccidén puede tener
lugar en la presencia del hule disuelto. La
inversién de fase y precipitacién y dispersibén de las
particulase de hule no ocurren hasta después de
suficiente injertado de pelimero aromético de
menovinilideno en el hule, lo c¢cual tiene lugar

principalmente cuando el hule estd en solucién.

Esta es una ventaja principal en la
polimerizacién en reactores de tipo de tanque con
agitacién, completamente mezclados {no

‘estratificados, no de tapén flujo) que eBson operados

en un nivel predeterminado de conversién.
Tipicamente, debido a la presencia de niveles
significativos del polimero aromdtico de

monovinilideno ya polimerizado, el hule que puede ser
disuelto en 1la corriente de alimentacién a tal
reactor, es inmediatamente dispersado como particulas
antea de gque pueda ocurrir la polimerizacidn de

injerto y, de manera més importante, antes de que Bse



puedan separar los componentes de alta y de baja
viscosidad en Bsolucién de un material de hule
apropiado y formar grupos separados de particulas de

hule.

Adem&s, el proceso de acuerdo con la presente
invencién se puede practicar ventajosamente en equipo
estdndar de proceso de polimerizacién en masa no
capaces de otra manera de la preparacién de polimeros
aromiticos de monovinilideno con distribuciones
bimodales de particulas de hule 8in modificaciones
significativas del equipo. Tal equipo esténdar
utiliza tipicamente un suministro sencillo de 1la
mezcla de reaccién sin polimerizar gque comprende una
golucién de hule, monémero, diluyente opcional vy
otros aditivos. La mezcla de reaccidén se polimeriza
después conforme es procedente a través de uno o una
serie de tales recipientee de reactor. Al final del
recipiente de reactor (serie) el producto se remueve
y 8se remueve el diluyente y cualgquier monémero

residual.

La mezcla de polimerizaciédn puede contener
también otros materiales aditivos y/o auxiliares de
polimerizacién tales como plastificantes o

lubricantes tales como aceite mineral, estearato de

butilo o ftalato de dietilo; estabilizadores
incluyendo antioxidantes (por ejemplo, fenoles
alquilados tales como di-ter-butil-p-cresol o

fosfatos tal como foefato de trisnonil fenilo};
agente de transferencia de cadena, tal como un
mercaptano de alquilo tal como n-dodecil mercaptano;
o agentes de liberacién de molde, por ejemplo,

estearato de zinc; todos 1los dichos aditivoe vy/o



auxiliares de polimerizacién se agregan a la mezcla
de reaccién cuando es apropiado incluyendo antes,

durante o después la polimerizaciébn.

El uso de un agente de transferencia de cadena es
opcional y B8e emplea usualmente solamente en la
produccién de una composicién o prepolimero que
contiene particulas de hule de tamafio m&s grande (por
ejemplo que tienen un tamafio de particula promedio de
por lo menos un micrémetro). 8i se emplea, el agente
de tranasferencia de cadena se emplea generalmente en
una cantidad desde 0.001 hasta 0.5 por ciento en peso
con Dbase en el peso total de la mezcla de

polimerizacién a la cual se agrega.

Las temperaturas a las cuales s8e conduce de
manera mise ventajosa la polimerizaciémn dependen de
los componentes especificos, particularmente el
iniciador, empleados, pero variarin generalmente de

60 a 190° C.

El entrelazamiento del hule en el producto
resultante y 1la remocién de los monSmeros ain
reaccionar, asi como cualquier diluyente de reaccién,
8i Be emplea, y otros materiales voldtiles se conduce

ventajosamente empleando técnicas convencionales.

El polimero aromitico de monovinilideno
modificado con hule de la presente invencién tiene un
equilibrio excelente de propiedades de impacto vy
médulo de tensidn, que permite s8u uso en varias
aplicaciones incluyendo aplicaciones de moldeo por
inyeccitn, aplicaciones de extrusidén, aplicaciones de

espuma incluyendo articulos grandes, electrénicos de



conpumo, acondicionadores de aire, refrigeradores,
congeladores, electrodomésticos pegquefios, casetes,
gabinetes de radio, televisi6n, estéreo, muebles ¥y
amueblamientos, juguetes, articulos domésticos,
aplicaciones en edificios y construccibén, calzado,
aplicaciones médicas, embalaje, desechables tales
como tambores giratorios, vasos, platos, tasas,
tazones, cuberteria, cuchilleria, artficulos moldeados

por soplo, paneles, l&minas y peliculas de espuma.

EJEMPLOS
Los siguientes ejemplos se dan para ilustrar la
presente invencidén con relacién a los polimeros
aromdticos de monovinilideno modificados con hule, y
no deben interpretarse como limitativos de la

invencién en cualquier manera.

Se prepararon muestras de composiciones de
polimero aromiético de monovinilideno modificado con
hule en una mini planta que tiene un sistema de tres
' reactores de tubo con agitacién lineal. Cada reactor
tenfa un volumen interno de 2.5 L con una relacién de
L/D de 22, y un agitador con chavetas unido a la
flecha. Cada reactor contenia tres zonas de
temperatura que estaban calentadas eléctricamente.
El sistema de reactor estaba controlado por
computadora dentro de un rango angosto predefinido
para asegurar la uniformidad. Después del tercer
reactor, los polimeros parcialee se desvolatilizaron
con una extrusora para deasvolatilizar, formados en
hilos, cortados después para formar gré&nulos. Toda
la prueba se hizo wusando estos gré&nulos. La

temperatura de la extrusora controlé el grado de
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entrelazamiento del hule. Generalmente temperaturas

mayores resultaron en mayor grado de entrelazamiento.

Se agregé una cierta cantidad de la alimentacién
principal a la zona media del segundo reactor como

una segunda adicién para mejorar mds el balance de

dureza y rigidez de los productos. En alrededor del
20 por —ciento, segundo' nivel de adicién, las
propiedades fueron usualmente O6ptimas. Si estos

experimentos fueran a Bser repetidos sin segunda
adicién, los valores serian proporcionalmente
menores, pero tendrian la misma clasificacién

relativa en términos de balance de dureza y rigidez.

Se agregd NDm (n-dodecil mercaptano) al segundo
reactor como un agente de transferencia de cadena
para mantener el régimen de flujo de fundido de los

productos finales.

En total se usaron tres conjuntoe de hules. Como
un control, (es decir, un ejemplo comparativo) se usd
un hule dieno est&nd;r de bajo cis de Bayer AG BUNA
640 (ejemplo 1). Un hule de alto cis gQue tiene una
diptribucién bimodal de peso molecular disponible de
UBE Industries de Jap6n bajo la marca registrada UBE
23H e upd para los ejemplos 2 y 3. En el cuarto
ejemplo de 1la presente invencifn, 8se prepar5 una
mezcla bimodal mediante mezclado de Bsolucibén in situ
de dos hules disponibles comercialmente de The Dow
Chemical Company, bajo la marca registrada de 1202B
(peso molecular menor) y 12023 (peso molecular mé&s

alto). Lae cantidades se dan en los ejemplos.
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Las mediciones de ciertas propiedades fisicas y

métodos de prueba correspondientes fueron los
siguientes:
Propiedad Método Unidades Observaciones
Impacto Izod ASTM D256-93A J/m Barras moldeadas por
inyeccién
Impacto Charpy IS0 179-2C-82 kJ/m? Barras moldeadas por
inyeccidn
Deformacién por ASTM D63BM-93 Mpa Barras moldeadas por
tensién inyececién (5 mm/min)
Ruptura por TenslSn | ASTM D638M-93 Mpa Barras moldeadas por
inyeccién (5 mm/min)
Elongacién ASTM D638M-93 Por Barras moldeadas por
clento inyeccidn (5 mm/min)
M&dulo de Tensidn ASTM D638 N/mm? Barras moldeadas porx
{mSdulo-E) inyeccién {1 mm/min)
MFR ASTM D1238-954 *C
Vicat ASTM D1525-91 g Barras moldeadas por
inyeccién
Mw y Mn apcC g/mol
Tamafioc de particula Tubo Coulter pm
de hule (RPS) de 50
micrones
Contenido de Hule Balance de Por
Masa cliento
Contenido de M.O. Cromatografia Por
liquida clento
861idos Gravimétrico Por

clento

”~
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En general, los resultados de los experimentos
demuestran claramente que los ejemplos de la presente
invencién proporcionan un mejor balance de dureza Yy
rigidez a pesar de tener un régimen de flujo de

fundido algo mayor que el ejemplo comparativo.

A un tamafio de particula y composicién de hule
similares, los ejemplos de 1la presente invencién
proporcionan valores de impacto Charpy e Izod més
altos asi como resistencia a la deformacién por

tensibén y mébdulo de tensidén mayores.

variable 07/24/1999 | 07/22/1999 | 07/28/1999 | 05/26/2000
Fecha
¢ Ei. comp. 1| Ejemplo 1 Ejemplo 2 | Ejemplo 3
Régimen Alimentacién Lineal 1000 1000 1000 1080
g/h
Segunda Adicién 200 200 200 120
g/h
Por clento sequnda adicién 20 20 20 10
L
Régimen Alimentacién Total 1200 1200 1200 1200
g/h
Reactor Z1-L 111 111 111 110
Lineal
22-L 115 115 115 113
Z3-L i1s 119 119 131
Z4-L 136 126 126 127
Z5-L 135 135 135 133
Z6-L 145 145 145 142
Z7-L 155 155 155 148
Z8-L 162 162 162 155
Z9-L 170 170 170 160
Agitacién/rpm STR1 150 225 225 175
BTR2 €0 60 60 60
8TR3 40 40 40 40

Ve



Condiciones Desvolatillzacién
Barril Medio/Tornillo C 240 240 240 240
T . c 230 230 230 230
Segunda Cfmara Vacio c 220 220 220 220
Barril Fin;llTomillo
Adicicnes
Iniciador DP275/ppm gM12 380 380 380 465
nDM a segqundo 8M13 1200. 1200 1a00 1150
reactor/ppm
EB/por ciento Alim. 7 7 7 7
M.0./por ciento Alim. 0.8 0.8 0.8 0.4
Irganox 1076/ Pppm Alim. 1000 1000 1000 1000
Hule HX-528/AX-640 A ¥ 5.75
Ubepol Br 21 HB L 5.75 5.75
1202B L -
12020 ¥ -
Parfmetros de Control de Proceso
B6lidos/por ciento STR1 34.7 36.8 35.8 35.7
STR2 60.9 61.8 59.5 59.8
Cemiv. 83.1 82.4 82.9 8l.6
Propledades de Producto Final
R.P.8. media/pm {Coulter) (tubo 2.80 3.00 2.70 2.30
50 pm} (1)
Hw/g/ml 1787080 187000 187300 185500
Mn/g/mol 65900 68100 69600 69600
Polidispersidad 2.71 2.75 2.69 2.67
H.F.R./g&ﬂ min 4.90 5.80 5.20 5.20
Impacto Charpy/kJ/m’ 6.9 7.6 7.6 10.7
Izod/{/m 86 107 102 109
Vicat/C 102.1 101.8 101.7 103.7
Deformacién Tensién/Mpa 24 .3 23.7 23.9 25.1
Ruptura Tenaldén/Mpa 23.8 23.1 23.2 21.8
Elongaciﬁnlpor clento 47.2 58.1 57.4 26.9
MSdulo Tensidn/N/mm’ 1938 2146 2103 2201
Contenido Aceite Mineral/por 0.9 1.0 1.0 0.5
clento
Contenlido Hule/por clento 6.9 7.0 6.9 6.9
(balance masa)
La siguiente Tabla tiene la informacién
especifica de hule. Estd basada en estindares de

_poliestireno y no se hace correccitn de calibracién

universal.
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Las viecosidades en solucién se miden en mondémero

de estireno al 5 por ciento en peso de Bsolucibén de
hule a 23° (. La informacién del componente de
UBE23H se calcula a partir de grdaficas globales de
GPC y es estimada. También, las viscosidades en

soluciédn para los componentes de UBE23H son estimadas
con base en relaciones conocidas de MW ve viscosidad
de la Bolucién. Los resultados est&n expresados en

centiPoise {(cP).

ID Mediclones Dow (estfndares P8) Viscosidad
muestra de sol.
Mw Mn Mp Mz PDI cPoise
1202B#182 BCP 817 lote | 426400 | 134700 | 224800 | 1114200 3.2 40.6
81116A
1202J#139 BCP B20 lote | 661800 | 267400 | 539600 | 1393600 2.5 275.1
90921A
Dieno 55 BUNA 640 485000 | 222000 369 2.2 170
UBE23H global 576300 | 1513151 | 824500 | 1430300 3.8 158
Componente bajo MW 165000 | 70000 | 145000 2.3 8
UBE23H
Componente alto MW 1020000 1100
UBE23H




REIVINDICACIONES
1. Un polimero aromdtico de monovinilideno

modificado con hule que comprende:

a)una matriz de polimero aromédtico de
monovinilideno,

b) particulas de hule dispersas en esa,
caracterizada porque las particulas de hule se
producen a partir de un hule dieno que tiene I)
de 20 a 80 por ciento, con base en el peso
total de dichas particulas de hule, de un
componente de alta viscosidad en solucién que
tiene un valor de visecosidad que fluctida desde
110 hasta 500 centipoise y II) de 80 a 20 por
ciento, con base en el peso total de dichas
particulase de hule, de un componente de baja

viscosidad en solucidén gque tiene un valor de

viscosidad que fluctda desde 1 a 100
centipoise, caracterizada ademds porgque la
relacién de viscosidad de solucién del

componente de alta viscosidad en solucién a la
viecosidad de psoluciém de baja viscoeidad en
solucién fluctida desde 1.1 hasta 500, en donde
ambos componentes I y II tienen un contenido de
1,4 cis de mds de 30 por ciento, y III) el hule
estéd injertado con polimero aromdtico de
monovinilideno hasta el punto en que hay por 1lo
mencs 30 por ciento de polimero aromdtico de
monovinilideno presente como injerto en el

hule.

2. El polimero aromdtico de monovinilideno



modificado con hule de la reivindicaciém 1, en donde
el componente de alta viscosidad en solucién tiene un
valor de visecosidad que fluctla desde 120 hasta 450
centipoise, el componente de baja viscosidad en
solucién tiene un valor de viscosidad gque fluctdia
desde 5 a 95 centipoise, y la relacidn de viscosidad

en Bolucién es desde 1.26 hasta 90.

3. El polimero aromdtico de monovinilideno
modificado con hule de la reivindicacién 1, en dende
el componente de alta viscosidad en solucién tiene un
valor de viscosidad que fluctiia desede 150 hasta 430
centipoise, el componente de baja viscosidad en

solucién tiene un valor de viscosidad que fluctda

desde 20 a 85 centipoise, y la relaciédn de viscosidad’

en solucién es deede 1.76 hasta 21.5.

4. El polimero aromético de meonovinilideno
modificado con hule de la reivindicacién 1, en donde
la cantidad de hule en dicho polimero es de 2 a 20
por ciento con base en el peso total de dicho

polimero.

5. El polimero aromdtico de monovinilideno
modificado con hule de la reivindicaciém 1, en donde
las particulés estdn dispersas en la forma de
particulas pequeiflas y grandee, en donde el diametro
promedio de volumen de particula de las particulas
Pequelias es desde 0.1 a 2 micrémetros y el didmetro
promedio de volumen de particula de las particulas

grandes es desde 2 a 6 micrémetros.



6. El polimero aromdtico de monovinilideno
modificado con hule de la reivindicacién 1, en donde
el polimero aromltico de monovinilideno es

poliestireno.

7. El polimero aromético de monovinilideno
modificado con hule de la reivindicacién 1, en donde

el hule es polibutadieno.

8. El polimero arom&tico de monovinilideno
modificado con hule de la reivindicacién 1, en donde

el hule dieno es ramificado.

9. El polimero aromdtico de monovinilideno
modificado con hule de la reivindicacién 1, en donde
el hule dieno tiene un contenido de 1,4 cie de mas de

30 por ciento.

10. Un proceso para preparar un polimero
aromfltico de monovinilideno modificado con hule que
comprende los pasos de: (a) suministrar continuamente
una mezcla de reaccién que comprende un monémero
aromético de monovinilideno y un hule dieno disuelto
a un medio de reactor, (b) polimerizar continuamente
el monémero aromdtico de monovinilideno en la
presencia del hule dienco disuelto en el medio de
reactor bajo condiciones por las que ocurre
subsecuentemente la inversién de fase, (c) remover
continuamente del medio de reactor un polimero
aromdtico de monovinilideno reforzado con hule dieno,
dicho proceso estd caracterizado porque: (d) el hule

dienc que estd disuelto en la mezcla de reaccién



tiene I) de 20 a 80 por ciento, con base en el peso
total de dicho hule dieno, de un componente de alta
visecosidad en soluciém gque tiene un valor de
viscosidad que fluctiGa desde 120 hasta 500 centipoise
y II) de 80 a 20 por ciento, con base en el peso
total de dicho hule dieno, de un componente de baja
vigcosidad en soluciébn que tieme un valor de
viscosidad que fluctfia desde 1 a 100 centipoise,
caracterizado ademl&s porque la relacién de viscosidad
de s8solucibn del componente de alta visecosidad en
solucién a la visecosidad de solucién de Dbaja
viscosidad en solucién fluctGa desde 1.2 hasta 500,
en donde ambos componentes I y II tienen un contenido
de 1,4 cis de mé&s de mds 30 y, opcionalmente, (e) las
condiciones de proceso antes de la inversibén de fase
se ajustan para producir diferentes grupos de
particulas de hule dieno a partir de los componentes
de alta y baja viscosidades en Bolucidén del hule
dieno, cada grupo teniendo un tamafio promedio

diferente de particula de hule.

11. El proceso de la reivindicacién 1, en donde
el polimero aromitico de monovinilideno es
poliestireno.

12. El1 proceso de la reivindicacién 10, en donde

el hule es polibutadieno.

13. El proceso de la reivindicacién 10, en donde

el hule dieno es ramificado.

14. El proceso de la reivindicacién 10, en donde



1,

el hule dieno tiene un contenido de 1,4 cis de més de

30 por ciento.

15. Un articulo producido a partir del polimero .

modificado con hule de la reivindicacién 1.
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Se describen polimeros aromiticos de

RESUMEN

monovinilideno modificados <c¢on hule con dureza vy

rigidez modificadas asi como también un proceso para

la preparacién de 1los mismos. El polimero gque
comprende:
a)una matriz de polimero aromdtico de

monovinilideno,

b} particulas de hule dispersas en esa,
caracterizada porque las particulas de hule se
producen a partir de un hule dieno gque tiene I) de 20
a 80 por ciento, con base en el peso total de dichas
particulas de  hule, de un componente -‘de alta
vigcosidad en solucién que tiene un +valor de
viscosidad que fluctila desde 110 hasta 500 centipoise
y II) de 80 a 20 por ciento, con base en el peso
total de dichas particulas de hule, de un componente
de baja viscosidad en solucién que tiene un valor de
viscosidad que fluctGa desde 1 a 100 centipoise,
caracterizada ademds porque la relacidédn de visecosidad
de 8olucién del componente de alta visecosidad en
solucién a 1la viscosidad de Bsolucién de Dbaja
viscosidad en solucién flucta desde 1.1 hasta 500,
en donde ambos componentes I y II tienen un contenido
de 1,4 cis de m&s de 30 por ciento, y III) el hule
esté injertado con poelimero aromdtico de
monovinilideno hasta el punto en que hay por lo menos
30 por ciento de polimero aromitico de monovinilideno

presente como injertos en el hule.
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authentication and Apostille for patents, utility models,
industrial designs, trademarks, commercial names, trade
emblems, domain names, slogans, licenses.

REPRESENTACION Y PODER REPRESENTATION AND POWER-OF-ATTORNEY

Yo (nosotros), abajo firmade (s)1 (we), the undersigned

DOW GLOBAL TECHNOLOGIES INC.

domiciliado (3) enfof 1790 Building, Washington Street
_Midlapd, Michigan 48676, U.S.A,

por ¢l presente nombramos a EMILIO FERRERO, tpa. 31929;
GONZALO PERDOMO, 1pa 831; LUZ CLEMENCIA DE PAEZ, tpa
nsa GERMAN CAVELIER, tpa. 332, domiciliados en [a Carera 4a
Ne¢ 71-35, Bogatl, Colombia, en obedecimiento u lo dispuesto en el
pardgrafo lo del Articulo 543 del Cadigo de Comercio, €l primero como
principal y los demnds como suplentes, en su orden, como mis (nuestras)
representantes en todos los asuntos de propiedad industrial con facultad
para recibir notificaciones y nombrar spoderados judiciales o
extrejudiciales. El primer representante suplente reemplazard al principal
en caso de ausencia o impedimento temporal o definitivo de aquél. La
misma regla se aplicard cusndo el segundo representante suplente hays
de reemplazar al primero, o el tercero al segundo. En tules casos, el
representante principal, o el primero, o sefundo suplente, en su ¢at0, 0
ambos, declarardn su intencidn de no ejercer Ia representacion mediante
declaracidn autenticada por Notatio Publico en Colombia, o por Notario
u otro Funcionario Piiblico, ¢ Consul de Colombia, en el extranjero; y si
se atare de impedimento, con el certificado respectivo. Si alguno de los
nombrados faltare definitivamente, ¢l siguiente tornard su lugar. Cuando
cesare la ausencia o impedimento del representante principal, o de su
pri o segundo suplentes, en” su caso, podrin ejercer lu
re ntacidn, en su orden, uno u otros segin el caso, asumiéndala por
el solo hecho de cjercerla, cesando en ese momento el ejercicio de la
representacion por el primero, segundo o tercer suplente en su csso.

Ademis, confiero (conferimos) poder a los abogados arriba nombmdos,
para obtener la proteceién de mi (nuestra) propiedad industrial y conra
la compelencia desleal, a cuyo efecro sutorizo (amos) a los dichos
apoderados para que me (nos) representen ante cualesquicera entidades o
personas, ¢jerzan ¢ no jurisdiccidn, especialmente ante [as del orden
administrmtivo, contencioso- administrativo y judicial, asl como los
tribunales de arbitramento, en todo lo concerniente 2 los siguientes
asuntos: a) Obtencién de parentes de invencién, modelos de utilidad y
diseflos industrisles; el registro de marcas de flbrica, colectivas,
defensivas, de servicio, lemas comerciales, nombres comerciales,
enseflas, nombres de dominio, variedades vegetales y denominaciones de
origen; su renovacién, traspaso, cambio de nombre o domicilio,
cancelacién voluntaria; y el registro de licencies dg uso de esos derechos;
b) Las acciones de competencia desles!, proteccidn del consumidor,
opasiciones u cbserwaciones, cancelacién edministrativa y judicial,
nulidad, medidas cautelares, concesién de licencias, la tutela, la
proteccidn de secretos industrinles, y en general los juicios civiles,
penales, administrativos o contencioso administrativos relacionados con

CAVELIER ABOGADOS
WPPODED1-181 (MINUTA N'12.1.1.2.6 USA)

in due compliance with the terms of paragraph ist. of article 543 of the
Commerciat Code, do hereby appoint EMILIO FERRERO, tpa. 31929;
GONZALO PERDOMO, tpa. 831; LUZ CLEMENCIA DE PAEZ, tpa
23555 and GERMAN CAVELIER, tpa. 832, domiciled at Carrera 4a N*
72 35, Bogotl, Colombia, the first as principal and the others as
alternates, in the order of their appointment, as our representatives for all
industrial property maners with faculty to receive notifications and to
appoint attormeys in and out of Court. The first alternaze shall replace the
principal in case of his absence or of temporal or definitive impediment.
The same rule will apply when the second altemnate representative is to
replace the first one, or when the third is to replace the first or sexond
alvernates in theic wum, or both of them, second. In such cases, the
principal representative, or the first or second alternates in their wm, or
both of them, shall state their intention not to act as representtives
through a declaration given before a Notary Public in Colombia, or before
a Notary or another Public Official or a Colombian Consul abroad; and in
case of impedimenl, the appropriate certificate shall suffice. If any of the
appointees were to be definitely absent, the following alternate shall take
his place. When the sbsence or impediment of the principal
representative, or of the first or second slternate in their fum ceases, the
representation csn be tken again in their sequence, by the principal, the
first or second alternate depending on case, and the mere fact or its
exercise will suffice. The exercise of the representation by the first,

second or third alternates iSTRETTRT SEN CASAS i :
we grant 8 Power of 3 I c
aromeys at law so that i

{we) authorize the said §

authorities or persons, With¥ors
administrative, administrative?cani
Arbitration  Court, in &l | . eril] :
Obtainiment of paients, utifity models snd industria) designs; the
registration of trademarks, collective, defensive and service marks,
slogans, commercial names, trede emblems, domain names, vegenl
varicties and denominations of origin; its renewal, assignment, change of
name or domicile, voluntary cancellation; and the registration of licenses
of use of the sbave rights; b) Actions of unfair competition, protection to
the consumer, oppositions or observations. sdministrative or Court
cancellation, nullity, infringerment, granting of licenses, the action for writ
mandamus, the protection of trade secrets, and in general the civil, penal,
and administrative suits relating to those rights; ections and suits

e o SO




cstos derechos; acciones y procesos que promovagios o.48e nos instituted by me (us) or against me (us). And that in 8
promuevan, Y para que en todos los asuntos arriba determinados, puedan they rmay substitute this Power of Attorney, compromise, :
sugtituir este mandato, transigir, conciliar, admitic los hechos del the facts of the case, desist, cancel, receive, resign, and razify acts don- -

proceso, desistic, cancefar, recibir, renunciar, y ratificsr los actos de representatives without a power of antorney.
sgentes oficiosos.
Dado y firmado hoy/Given and signed this
en/in Midland, Michigan 48674, U.S.A.
por/by_GRAHAM E. TAYLOR

Vice President
mf/ Signattre

D CAVELIER ABOGADOS
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DEPARTMENT OF STATE

APOSTILLE
(Convention de La Haye du 5 Octobre 1961)

1. Country: UNITED STATES OF AMERICA

This public document

2. has been signed by: Ann Heritier
3. acting in the capacity of:  Michigan Notary Public

4. bears the seal of: Ann Heritier
Bay County, Michigan
CERTIFIED:
E &“&."Sﬂ“m%"é'&&?.‘%ﬁ“ﬂ
5. at Lansing, Michigan . 6. the 18th of June, 2002 §. gt

7. by Secretary of State, State of Michigan S
8. NO. 15229F-02
9. Seal/Stamp: 10. Signature:

oo A %'zé.,

Theis cemifionion srss euly m the ashemiciy o te sigmecre of du ofick] who
sigoed the affized decumynt, the capacity ia w AL, thae official acved, and where
sppropriaia, der idewtiy of the sanl or smp which the docomens besrs. This
coriificarion s not inbended 1o imply thax e cossnts of the: docueent are vanece,
now et chyy bave the spproval af ihe Sior af Michi g,




#IFICADO NOTARIAL (INDIVIDUO)

NOTARIAL CERTIFICATE (INDIVIDUAL) {2 7

A Ios dias del mes de On this day of

de 200 amee mi, Notario Publico o Funcionario Autorizade 200___ before me, a Notary Public or Antesting Official of

de

comparecidé{eron) personalmente personally appeared

8 quien(es) doy fe de conocer y me consta que es(son) la(s) to me known, and known to me to be the person(s) who

persona(s) firmante(s) del documento que precede, y quien(es) executed that foregoing document, and who has(have) legal
capacity to execute it.

tiene(n) capacidad legal para otorgarlo

Notario Publico o Funcionario Autorizado ~Notary Public or Attesting Oficial

CERTIFICADO NOTARIAL (SOCIEDAD)
Hoy de ) de 200
Comparecié{eron) ante mi

NOTARIAL CERTIFICATE (CORPORATION)

On this day of 200

appeared before me

VO\QVL@%\’
quien(es) conozco personalmente y que firma(n)} este

documento en representacion de Iz Sociedad/compailia -
denominada DOW GLOBAL TECHNOLOGIES INC.

GEARAM E. TAYIOR
who(m) I know personaily and who(m) signed this documnent as
representative(s) of the Corporation/Company named DOW
GLOBAL TECHNOLOGIES INC.

'.iﬁco:
1.  Que he visto los siguientes documentos:*

« padiuNs doConditocidn (CL\M-'-IAOS AL:l6

Q] -
E l-ll:o & Publ\ tbf\dﬂ A\c(l-o CO“MA

< \ q\a p&pm Db,

2. Quedichos Elocum:ntos prueban lo s:gulcnte-

2.1. Que_DOW GLORAL TECHNOLOGIES INC,

I certify:

l.  ThatI have seen the following documents:*
Articles of Incorporation dated April 6, 1993

Authorization Policy of said Corporation
dated February 11, 2002

2.  That the above documents duly prove the following:
2.1. Thet DOW GLOBAL TECHNOLOGIES INC,

y c:usu:nte

€s una Socnedad!Compaﬂn legalmente consti
de acuerdo con las E g &

is a Corporation/Company legally constituted and in existence
in accordance with the laws The State of Delaware, U.S.A.

2.3. Que ¢l objeto u objetos para los cuales se otorga el presente
poder estin comprendidos dentro del objeto social de la

2.2. That the domicile -F-;;?f:.}"- -
.1790 Building®réia
Mdiland, Mic :

R Tz
‘ hov 2003 Tt
2.3. That the purpose BUEnOs g wv;rhlchthc preggﬂtt wer
of Attorney is granted} Mm tion
: tele ‘.;;

L

mencionada Sociedad/Compaiia. purposes set forth 8 ik
Corporation/Company.
2.4. Que el(los) Se(Stes) S<oann [ 'Tn! be 2.4, That Mr.(Messrs.) GRAHAM E. TAYLOR
esti(n) autorizado(s) para otorgar el presente Poder. is{are) authorized to grant the present Power of Attorney.
Ciudad _pA:d lamd CitY _pes 41.ama
Estado uitu QN State Michigaen
Hoy 1 '\u.u-u.- de200) | This_ ‘] day of 200 32—

Notario Piblico o Funcionario Autorizado - Notary Public or Attesting Oﬁcle/l"w H@ﬁ,«fwt

* Los docurnentos deben identificarse con fecha y origen

CAVELIER ABOGADOS
WPPODEOI-181 (MINUTA N*12.1.1.2.6 USA)

ANN HERITIER
NOTARY PUBLIC, BAY COUNTY, MICHIGAN

* Documents must be idmtiﬁWm"m- MICHIGAN
MISSION EXPIRES DECEMBER 3, 2002




Wil R T ———— s et ke e e
APOSTILLE
(Convention de La Haye du 5 octobre 1961)
1. Country: .oumerensee. soerssasesenssassa et e eb e e
-This public document

2. hasbeensigned by ........ccooeiiimiiiiiiinircrr .
3.  acting inthe capacity of .......occirieemiiiiciiinineniiicc e,
4,  bearstheseal/stampof.........ccceiiiiiiiiiiiccc i

) Certified
5. R, 6.the ....coeoniiiiiriiriicinn
S - P
T - N OO
9.  Seal/stamp 10. Signature

-rt 'q'_* ‘—.‘-ll"l!ﬁul'l"ﬂ'-

cono nwam S8t pav cincipay
T oe mun.n :
Rrorocopia coul = t -.nmuli ;
3 e QU HE T!Nm

CAVELIER ABOGADOS
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TRADUCCION OFICIAL No. 29.10/02b realizada por Diego Vargas, Traductor
Oficial, Resolucién No. 0001 de 1999 del Ministerio de Justicia y

1
registrado ante el Ministerio de Relaciones Exteriores de Colombia.

A continuacién se traducen los sellos y legalizaciones que de
un documento de Representacidén y Poder escrito en inglés y espaifiol
por medioc del cual';. DOW GLOBAL TECENOLOGIES INC., domiciliado en el
1790 Building, Washington Street, Midland, Michigan 48674, Estados
Unidos de América otorga derechos de representacién y poder a los
Doctores EMILIO FERRERO, tpa. 31929; GONZALO PERDOMO, tpa. 831; LUZ

CLEMENCIA DE PAEZ, tpa. 23555 y GERMAN CAVELIER, tpa. 832.

Dado y firmado hoy

en Midland, Michigan 48674, Estados Unidos de América

por GRAHAM E. TAYLOR

Vicepresidente

Firma Firma Ilegibe

i
CERTIFICADO NOTARIAL (SOCIEDAD) del 7 de junio de 2002 donde se
certifica la firma anterior del Seflor Graham E. Taylor en
representacién de DOW GLOBAL TECHNOLOGIES INC. Adicionalmente se
certifica que la anterior sociedad fue constituida y es actualmente
existente de acuerdo con las 1e¥es del Estado de Delaware, que su
domicilio es el 1790 Building, Washington Street, Midland, Michigan
48674, Estados Unidos de América y que el Seflor Graham E. Taylor

esti autorizado para otorgar el presente poder. D I-E%’DEE_ /%'A Bc;sf_._,i o

TRADUCTOR E INTERPRETE OFt:liAL

ESPANOL - INGLES — INGLES - ESPANOL

RES. 0001 DE ENERO 4 DE 1999
MINISTERIO DE JUSTIC!A




e

Dado y firmado en Midland, Estado de Michigan el 7 de Junio de 2002.

Notario Piblico o Funcionario Autorizado Firma Ilegible

ANN HERITIER

NOTARIO PUBLICO, CONDADO DE BAY, MICHIGAN
ACTUANDO EN EL CONDADO DE MIDLAND, MICHIGAN
Mf comrsIéN VENCE EL 3 DE DICIEMBRE DE 2002

{RESPALDO}
Formato de Apostille sin dillgenciar

ESTADO DE MICHIGAN

ESCUDO DE ARMAS

DEPARTAMENTO DE ESTADO

APOSTILLA

(Convention de La Haye du 5 Octubre 1961)

1. Pais: Estados Unidos de AmérJ

Este documento piiblico

Juan uAuu=,o
NOTAR)

TERO MEDIMA-

2. ha sido firmado por Ann Heritier
3. actuando en capacidad de: Notarioc Piblico de Michigan
4. lleva el sello/estampilla de: Ann Heritier

Condado de Bay, Michigan

CERTIFICADO:

5. en Lansing, Michigan €. el 18 de Junio de 2001

7. poi:' el Secretario de Estado, Estado de Michigan

-_——>’ rJo r V s
DIEGD F. VARGA . 7,
TRADUCTOR E INTERPRETE OFICIAL
ESPANOL - |NG|..ES — INGLES - ESPANOL
RES. 0001 DE ENERO 4 DE 1999 2
MINISTERIO DE JUSTICIA

e s — = o or o




8. NO. 152239F-02

Sello/estampilla:

9. 10. Firma:
~
| $
v E.TA
00‘ ooo !
> ¢ :
o *
™ ]
= X
< S
@ Firma ilegible
&y *I
O¢cexrt

Candice 8. Miiler

Bota certificacids selo testifica la antsmtielded del oficial qus Cirmd a)l dacumsste
sdjunta, 1s ealided en la cusl al funcionarie actds, y en donde sea uieeusds, la
ldentidad del sallo o estampilla que porta sl documsato. Ryta Csititlicacién no tisee

sl prupfsico de dar a sntsader qus al contmmido de) dooumerto oW correcte © gum tiess
1a sprebacidn dal estasis ds Michigan.

Aparece un gello dorado autoadhesivo en la esquina superior izquierda uniendo las
cuatro hojas que componen este documento con la leyenda:

EL GRAN SELLO DEL ESTADO DE MICHIGAN

Es traduccidén fiel y completa de la cual se deja copia en esta

oficina para su confrontacién.

DVZ/ID-3 936/WP,CL002G/COLO 13518-841-001-7
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RECIBO OFICIAL DE CAJR : 02 -

X 7
Industria y Comercio
SUPERINTENDENGIA

I
- - mml\m“‘ :nmm Foliuss 3t
Radiciciod

NIT : B00175089-2

75,600

FECHA t MOVIEMBRE 13 DE 2002

3t CONGSIGRACION i

@

DEPOSITANTE TIPD PABO BANCD CUENTA No. PAB)  FECHA PBD Vr. PREC

CAVELIER ABCSADOS CONSIGNACION  BANCO POPULAR  050-00110-5 3138955 13/11/2002  15,849,560.00
1#I5 C O NCEPTO st

CANT. RENTISTICD COKCEPTO TOTAL CONCEPTD

1 50005-01-01 GOLICITUDES 1 TRAMITES DE SOL. DE PATENTE IE IX 378,000.00

TOTAL & ' 378,000,00

S0M:  TRESCIENTOS SETENTA Y OCHO NIL PESOS

REGPONSABLE &

Qe

. 7

RECIBO DE CAJA APLICADD AL EXPEDIENTE Mo.

Carrera 13 No. 27-00 Pisos 5, 7y 10
Conmutador 382 0840
Fax 350 5220
E-mail: info@sic.gov.co

A3ABD BV —ooh-Y- WWW.sIC.gov.co

Bogot4, D.C., Colombia



SUPERTMDUSTRIA ¥ COMERCIO l
Radicacion » 02108710 O0DDON00D Folfes: 91
Fecha (AR 2008-11-29 17924201

Tramte @ 011 PCT-PATENT 379 FRSE KACI 411 PRESENTAC
Dependenciar 2020 DIVISION D WUEWS CREACIONES

REQUISITOS NECESARIOS PARA PRESENTACION Y AGILIZACION DEL

TRAMITE
USUARIO  RADICADOR
PATENTE DE INVENCION / MODELO DE UTILIDAD ( ' . (4/
- Indicaclén de que sa solicita la cancesién de una patente. {} ta/
- Datos de Identificacién del soficitante o de la persona que se presenta lasolicitud. ( )
- Descripcisn de la invencién. () :7
- Dibujos de ser estos pertinentes. ()
-  Comprobante de Pago de las tasas establecidas. _
COMPLETA . () - . - . CINCOMPLETA () {1,
OISERO INDUSTRIAL ( ) . |
" - Indicacién de que se solicita el nglm de Disefo Industiial - ) { )
- * Datos de identificacién del solicitante o de la persona que pmcntl ( ) (.)
. lasolichtud.
- Raprasentaddn gillca Y I'otogrtllca del Disefto lndust.-lal 0 muestra del
= = — ~—--Material que incorpora-et-disefio. ettt o CUR S SR
Conprobanto de pago de las tasas utablecldn C ' ( ) ()
COMPLETA () ) INCOPLETA " () (')

ESQUEMADETRAZADO ( )

. indicacién de que soficita ef registro de un Esquemade trazade. () ()
- Datos de identificacién del soicitante o de la persona que presenta

- Lasolicitud. () ()
S - AT T 1 'I---t'----lnl-.-ln ’a“ a-.l mm d'm—u-—-m LE RN 0 . .;r-—(.-'.) ' -e-:.-g-_-:(.-: :)al".\?-. Ly % T TRT L= KA
Coumhmhdumdohmsuﬁhddn. () ) ‘

"Fecha:



