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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to asphaltic compositions
having viscoelastic properties that are suitable for use as binders in
dense graded and open graded hot mix asphalt pavement. The composi-
tions comprise blends of asphalt or bitumen and synthetic polymers
which are stable in storage between the time of preparation and the
time of use in hot mix pavement. The present invention also relates
to methods of preparing and methods of using the compositions and the
products produced by the process of the present invention. The terms
asphalt and bitumen are used interchangeably herein.

Discussion of Related Art

Asphalt is a bituminous material remaining after, or prepared
from, the distillation of crude oil. Typically, asphalt is derived
from the bottoms of a vacuum distillation tower and has an atmospheric
equivalent boiling point of generally at least 350°C. Because it is
hydrophobic and has good adhesiveness and weatherability, asphalt can
be used as an adhesive or binder component of road paving materials.
When so used, asphalt is normally mixed with aggregate (i.e., rock),
typically in a ratio of about 5 wt.% asphalt to 95 wt.% aggregate.

Asphalt, however, has certain physical properties that vary
widely with changes in temperature. For this reason, polymers often
are added to asphalt to extend the range of its physical properties.
Polymers can reduce the tendency of the asphalt to creep and rut in
warm weather by increasing its high temperature viscoelastic stiff-
ness; typical paving grade asphalts have softening points below 50°C,
while softening points greater than 55°C are desired for resistance to
creep in hot weather; and polymers can minimize cracking and stripping
in cold weather by improving the asphalt’s low temperature viscoelas-
tic properties.
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However, not all asphalts and poiymers form compatible
mixtures having storage stability. "Storage stability" is defined as
the formation of a continuous phase or two continuous phases that do
not separate on standing for a specified period of time, usually 3-5
days, at a specified temperature, usually 160°C. The storage stabili-
ty of polymer modified asphalt 1is greatly affected by the compati-
bility of the asphalt with the particular polymer. Incompatible and
partially compatible mixtures easily undergo phase separation.

Furthermore, some polymer modified asphalts are suitable for
roofing applications but cannot be used in hot mix paving applications
where the blend must be sufficiently fluid at mixing temperature to
adequately coat the aggregate particles. For example, an asphalt
binder for dense graded hot mix paving should have a viscosity at
135°C between 150 and 2000 cP, and a binder for open graded hot mix
should have a viscosity at 135°C between 3000 and 8000 cP.

Various methods have been suggested for making polymer-
modified asphalt compositions that are sufficiently compatible to be
acceptably storage stable and that also have viscosities and softening
points in the range required for a particular type of application.
Some, for example, rely on selection of the appropriate polymer and
other additives and require a specific sequence of blending and
reaction steps to effect the final properties of the asphalt-polymer
mixture (see, for example, U.S. Patent No. 4,600,635 for use of a
bitumen-based adhesive composition comprising bitumen, 0il, and an
ionomeric elastomer (such as sulfonated, carboxylated or phosphonated
EPDM or butyl rubber) in less than 15% weight, preferably 3%-8%, that
is neutralized by metal cations; British Patent No. 1,534,183 dis-
closes inter alia use of a metal alcoholate and the addition of from
5% to 95% wt. of an ethylene/vinyl ester copolymer and bitumen
partially crosslinked by means of -0-M-U-, -0-B-0- or -0-CRR’-0-
bridges; or U.S. 4,882,373 for acid modification of asphalt with
subsequent contact with an oxygen-containing gas, and mixing with a
thermoplastic elastomer, and an unsaturated functiesal monomer.)
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These examples require specific chemicals and/or processing
steps not required by the present invention.

European Patent No. 38,721 (U.S. Patent No. 4,371,641)
teaches that a polymer, preferably an unsaturated elastomer, e.g.,
EPDM or butyl rubber, or a thermoplastic polymer (from 5-25 wt.%) and
an appropriate filler can be added to airblown asphalt to make it
suitable for use as a roofing material by increasing the asphalt’s
stability towards oxidation and decreasing its sensitivity to ultravi-
olet radiation. The thermoplastic or elastomeric polymer must contain
anionic groups such as carboxylate, phosphonate or, preferably,
sulfonate groups which can be neutralized by addition of a salt of a
carboxylic acid, preferably a metal acetate, more preferably zinc
acetil.. Applicants have found that the weight percents of polymer
specified in this disclosure produce blends that are too viscous to
coat the aggregate in hot mix paving materials.

Accordingly, none of the foregoing references teaches nor
suggests the asphaltic compositions having the storage stability and
viscoelastic properties over a wide range of temperatures required to
produce a superior binder for dense graded and open graded hot mix
asphalt for road paving applications that is disclosed by the appli-
cants, nor do they teach nor suggest the process of preparing or using
applicants’ composition.

SUMMARY OF THE INVENTION

This invention relates to asphaltic compositions that are
storage stable and have viscoelastic properties over a wide range of
temperatures that make them suitible for use as superior binders for
dense graded and open graded hot mix asphalt for road paving applica-
tions. The compositions comprise neutral mixtures of oxidized asphalt
and acid functionalized polymer, the mixtures having softening points
greater than 55°C and viscosities measured at 135°C in a range from
about 150 to about 2000 cP for dense graded pavement or from about
3000 to 8000 cP for open graded pavement, wherein the polymer is
selected from the group consisting of sulfonated EPDM, sulfonated
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styrene butadiene, and acrylic acid terpolymers, and wherein the
polymer is present in an amount by weight percent of total composi-
tion; that is:

(a) more than zero but less than about 4 wt.%, preferably
from about 2 to about 3 wt.% of total composition for sulfonated EPDM,
or

(b) from about 2 to about 7 wt.% of total composition for
acrylic acid terpolymers or sulfonated styrene butadiene

and wherein tq%pziﬂtral mixture contains cations of the basic neutral-
re

izing agenﬁqhaving X valence from +1 to +3, specifically +1, +2 and

+3. More particularly, the neutralizing agent may be selected from

it the group consisting of amines, ammonia, and bases that contain
asiee cations selected from the group consisting of Groups IA, IIA, IIIA and
e Group B elements and mixtures thereof. The term "EPDM" is used as
e defined in ASTM D-1418; "acrylic acid terpolymers" means terpolymers
ey of ethylene, vinyl acetates or alkyl acrylates and from 1l to 6%

acrylic acid as a co-monomer having a melt index of about 1 to about

5; and "sulfonated styrene-butadiene" means sulfonated styrene-buta-
. diene linear diblock and sulfonated styrene-butadiene-styrene 1inear
. and radial triblock copolymers, which copolymers are not hydrogenated.

This invention also relates to a method for making and using the
: compositions, and includes the products produced by the process
seee’ disclosed herein. More specifically, the asphaltic compositions have
improved phase compatibility between a neutral blend of oxidized
asphalt and acid functionalized polymer and are storage ‘stable.
Oxidation is accomplished by means of airblowing.

DETAILED DESCRIPTION OF THE INVENTION

In order to be suitable as a binder in open graded or dense
graded pavement, a polymer-modified asphalt must have certain charac-
teristics. It must be liquid-Tike on application, but harden on
cooling, be able to resist rutting, cracking and stripping and should
be storage stable as a hot fluid. In order to achieve the necessary

.\%ALLQ%\ liquid-1ike properties, the polymer-modified asphalt must have a lower

D
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range of viscosities and softening points than 1is needed in certain
other applications such as roofing materials. Viscosities in the
range of from about 150 to 2000 cP at 135°C for dense graded, and from
about 3000 to 8000 cP at 135°C for open graded pavement binders are
required in the compositions of the present invention. Softening
points in the range of greater than about 55°C to about 65°C as a
binder for dense graded and from about 60°C to about 75°C as a binder
for open graded pavement are preferred. While addition of polymers
can impart the needed viscoelastic properties to the material, the
type of polymer and the manner in which the asphalt and polymer are
modified also can influence the compatibility and storage stability of
the resulting asphaltic composition. It is economically very desir-
able that the asphaltic composition be storage stable if it is to be
used as a binder in road paving materials.

One embodiment of the present invention, described below, is
processes for making the novel asphaltic compositions. Another
embodiment is the compositions themselves, including the products
produced by the processes described herein.

Thus, the compositions of the present invention exhibit
improved viscoelastic properties and storage stability are produced by
combining an oxidized asphalt, an acid functionalized polymer wherein
the polymer is selected from the group consisting of sulfonated EPDM,
sulfonated styrene butadiene, and acrylic acid terpolymers, and
wherein the polymer is present in an amount by weight percent of total
composition less than or equal to about 7 wt.% that corresponds to an
amount sufficient to result in an asphaltic composition having a
viscosity within the foregoing range, and a basic neutralizing agent,
and wherein if the polymer is sulfonated EPDM the weight percent of
polymer is required to be greater than zero and less than about 4
wt.%, and preferably 2-3 wt.%, and wherein if the polymer is selected
from the group consisting of sulfonated styrene butadiene and acrylic
acid terpolymers the weight percent of polymer is required to be from
about 2 wt.% to about 7 wt.%, preferably from about 3 wt.% to about
5 wt.%. When the polymer is acrylic acid terpolymer, the polymer
contains ethylene and acrylic acid monomers and co-monomers selected
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from the group consisting of winyl acetates, alkyl acrylates and/or
mixtures thereof. In the case of sulfonated polymers, sulfonation
should be accomplished prior to combining with the oxidized asphalt
and should be at a level of less than about 15 mole percent, and may
be performed by any means known to one skilled in the art. For exam-
ple, sulfonation may be accomplished using acetyl sulfate or, more
preferably, sulfuric acid. Thereafter the sulfonated polymers are
neutralized. |

The asphalts used in the present invention may be obtained
from a variety of petroleum residua and may be classified by their
penetration (measured according to Standard Specification ASTM D-5).
Typically, the asphalt will have a nominal atmospheric boiling point
at least 350°C and more typically above 440°C. In the process of the
present invention, the asphalt is oxidized by airblowing in any manner
known to one skilled in the art. Oxidation is carried out at a
temperature ranging from about 180°C to 300°C; more preferably, from
about 200°C to about 250°C for about 3 hours to about 12 hours for
commercial processes. Generally, the procedure followed is to oxidize
the asphalt to a pre-selected softening point, usually greater than
100°C, and a relatively high viscosity, then blend in flux, which may
be the original asphalt or other asphaltic material, to decrease the
viscosity into the target range desired. Selection of the desired
final viscosity is generally based on experience and is within the
skill of a routineer in the art, given the ranges disclosed in the
present invention. The term "oxidized asphalt" in this disclosure and
in the claims of this invention means any blend of oxidized and
unoxidized asphalts so prepared.

In the process of making the novel asphaltic compositions,
the oxidized asphalt and acid functionalized polymer mixture may be
combined using any number of methods known to one skill-4 in the art.
These may include dissolution with stirring in a suitable solvent such
as dichloroethane for the asphalt and toluene for the polymer, or
heating the oxidized asphalt to about 140°C to 170°C and thereafter
adding the polymer in situ in portions with stirring or agitation, the
latter preferably using a high shear mixing device. The method used
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will influence the amount of time needed to combine the oxidized
asphalt and polymer, but in any event should be sufficient to distrib-
ute the polymer throughcut the asphalt. Times may range from 1/2 to
24 hours, according to the method used.

The basic neutralizing agent contains cations having a
valence from +1 to +3 specifically +1, +2 and +3, and may be selected
from the group consisting of ammonia, amines, bases that contain
cations selected from the group consisting of Groups IA, IIA, IIIA,
and Group B of the Periodic Table and mixtures thereof. The preferred
basic neutralizing agent is one that contains one or more monovalent
or divalent cations, preferably divalent cations. These may prefera-

bly be Zn+2, Cat2, Bat2, Mg+2 and mixtures thereof, or more preferably

Znt2 and Cat2. Suitable compounds containing such cations are, for
example, zinc acetate, zinc oxide or calcium oxide, more preferably
calcium oxide. The basic neutralizing agent may be contained in a
suitable solvent, such as water/methanol before adding to the oxidized
asphalt-polymer mixture, or may be added in situ, for example, in
powdered or other undissolved form. The order of neutralization is
not important. Thus, for example, the polymer may be neutralized and
then combined with the oxidized asphalt or the oxidized asphalt and
acid functionalized polymer may be combined and then neutralized.
Preferred for acrylic acid terpolymers is the addition of basic
neutralizing agent in situ directly to the heated oxidized asphalt or
to oxidized asphalt-acid functionalized polymer mixture. It s
necessary that sufficient neutralizing agent be added to neutralize
the oxidized asphalt and acid groups on the polymer. Generally this
will require a stoichiometric amount or, preferably a slight excess of
neutralizing agent.

It is possible to adjust the softening point and viscosity of
the asphaltic composition by varying the amount of oxidized asphalt
and polymer in the composition. However, it is a requirement of the
present invention that the resulting asphalt-polymer compositions have
a viscosity in the range from about 150 to about 2000 cP for binders
for dense graded pavement and from about 3000 to about 8000 cP for
binders for open graded asphalt pavement, measured at 135°C.  Hence,
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the weight percent of polymer in comparison to the weight percent of
the total composition must be adjusted accordingly. At all times the
amount of polymer will be less than 7 wt.%. However, in the case of
sulfonated EPDM the weight percent of po]ymér in the composition is
required to be greater than zero to less than about 4 wt.%, preferably
from about 2 to about 3 wt.%; in the case of sulfonated styrene buta-
diena and acrylic acid terpolymers the weight percent is required to
be from about 2 to about 7 wt.%, preferably from about 3 wt.% to about
5wt.%. It 1is at these amounts that the asphaltic compositions
possess the necessary viscoelastic character to enable their use as a
binder in open graded and dense graded road paving materials, while
showing the stokage staBi]ity characteristic of the materials of this
invention. |

It has been found that, compared with untreated aspha]t or
functionalized airblown asphalt alone, the compositions of the present
invention form compatible blends which remain storage stable after
holding for 4 days at 160°C, have improved viscoelastic properties and
softening points and have viscosities that are within the targets
required for the particular binders.

In the present invention, softening point was used as a
measure of compatibility and storage stability. If the top third and
bottom third of each sample stored at 160°C for 4 days showed soften-
ing points within about a 4°C variation, the asphalt and polymer were
judged compatible. However, in order to supplement the softening
point data optical micrographs were taken of the top and bottom
segments of the asphaltic compositions to verify phase compatibility.

The invention is illustrated by reference to the following
examples, which are not intended to Tlimit the scope of the invention.

Example 1

Oxidation was accomplished by heating the asphalt (asphalt is
a Billings asphalt of penetration grade 120/150) to 200°C with



10

15

20

30

9

stirring for 2 hours and by passing air through the asphalt with an inlet at the
bottom of the flask. The effect of airblowing on softening points and viscosities
is shown in the table below (Samples (B) through (G). After the 2 hour oxidation
period, the asphalt (360.2g) was cooled to 150-160°C, and 7.2g of polymer (an
ethylene methyl acrylate-acrylic acid terpolymer, containing 1% acrylic acid and
23% methyl acrylate, melt index equal to 5) was added with stirring and the
stiring continued for about 1 hour. The neutralizing agent (3.85g of zinc oxide)
was added and the mixture stirred an additional hour. The data below indicate
that the polymer-asphalt blends’ softening points and viscosities are improved
over the starting asphalt, and that storage stability is achieved for the oxidized
asphalt-terpolymer blend only when neutralizing agents are added.

In microscopic examination of the top one third (“T") and bottom one third
(“B”) portion of each sample, it was found that Samples D and E contained
similar amounts of polymer. Samples C and F had significantly more polymer in
the top phase than in the bottom. Sample (G) showed slightly more polymer in
top than in the bottom sample but still remained within the range ot compatible
blends.

JABLE

Initial
Softening Softening
Polymer Neutralizing Point (1) Viscosity (2) Point (1) °F (°C)
Sample (wi%)  Agent E(LC) P 135°C Top Bottom

(A) 0 None 107 (42) 257 * *
(B) 0 None 117 (47) 450 * *
(C) 2 None 125 (52) 654 132 (56) 126 (52)
(D) 2 Zn0 127 (53) 673 130 (54) 129 (54)
(E) 2 ca0 128 (53) 720 132 (56) 132 (56)
(F) 4 None 131 (55) 1060 137 (58) 131 (55)
(G) 4 Ca0 135 (57) 1262 138 (59) 135 (57)
Legend '

The viscosity for the asphalt-polymer compositions of the present
invention must fall within the target range of from about 150 cP to 2000 cP and
from about 3000 cP to about 8000 cP at 135°C. Samples (D), (E), and (G)
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formed compatible blends, based on softening point data and optical

microscopy. Blends (C) and {F) were shown to be phase-separated by optical

microscopy.

(A)  Starting asphalt uncxidized

(B)  through (G) Oxidized Sample (A)

(1) ASTM D36 standard test method for softening point of asphalt ring-and-
ball apparatus.

(2) ASTM D4402 standard test method for viscosity of unfilled asphalts using

the Brookfield thermosel apparatus.

Not measured.

*

Example 2

An unoxidized asphalt (Baytown AC-10) was blended with a
commercially prepared airblown coating grade of asphalt (“coating grade” as
used herein means highly oxidized asphalt having a softening point ~f at least
205°F (96°C)). Coating grade was prepared from Tia Juana Medium res Juum.
In this example, Zn-sulfonated EPDM was used to compare an air oxidized
asphalt prepared as in Example 1, with an asphalt prepared by tlending an
unoxidized asphalt (Sample A) with an airblown coating grade. In this example,
20 wt.% »f the coating grade material was blended at 160°C with 80 wt.% of
unoxidized asphalt.

TABLE

Initial
Snftening Softening
Polymer Neutralizing Paint Viscosity Point °F (°C)

Sample (w%)  Agent F Q) ¢P.135°C  Top Bottom

(A) 0 None 107 (42) 278 * ¥
(B) 0 None 122 (50) 514 * ¥
(C) 1 Ca0 129 (54) 918 127 (63) 128 (53)
(D) 0 None 116 (47) 421 * *
(E) 1 Ca0 123 (51) 1034 128 (53) 133 (56;
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Legend
The target range of viscosity is from about 150 to 2000 cP and from about
3000 to about 8000 cP (for dense graded and open graded binder,
respectively) for asphaltic compositions of the present inventions. Samples (C)
5 and (E) formed compatible blends, as confirmed by optical microscopy.
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* Not measured

(A) Starting asphalt

(B) Oxidized Sample (A)

(C) Oxidized Sampie (A)

(D) 80% Sample (A) + 20% coating grade asphalt
(E) 80% Sample (A) + 20% coating grade asphalt

Softening points and viscosities were measured as in Example 1.

Example 3

A In-sulfonated EPDM (the polymer was separately neutralized)
was mixed with a coating grade asphalt at 160°C (320°F). Proper ties
of this blend (Sample C) are shown in the table below and are seen to
be too high in softening point and viscosity to be useful in asphalt
binder applications. Coating grade was prepared from Tia Juana Medium
residuum. Unoxidized asphalt (Baytown AC-5) was blended back to the
coating grade-polymer blend to adjust the properties into the target
range. Data in the table below indicate that this is effective. All
blending was done at.16Q°C (320°F) although temperatures below that
can be used 1in providing the blends are low enough in viscosity to
allow good mixing. :

TABLE
Initial
Polymer Softening Pt Viscosity
Sample (wt%) °F (°C) cP, 135°C
(R) 0 102 (39) 260 (approx.)
(R} 0 205 (96) 14000
(C) 4 263 (128) 24425
(D) 3.2(a) 232 (111) 4250 (at 350°F; 177°C)
(E) 2(a) 169 (76) 5125
(F) 1.5(a) 154 (68) 3260
Legend

Tra target range of viscosities for asphaltic compositions of the
riresent inventior is from about 150 to 2000 cP and from about 3000 to
about 8000 cP for dense graded and open graded binder, respectively,
measured at 135°C. Samples D, E, & F were all storage stable.

(A) Starting asphalt
(B) Coating grade asphalt
(C) Coating grade asphalt + polymer
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(D) 20% starting asphalt + 80% coating grade asphalt-polymer blend
. produced in (C)
(E) 50% starting asphalt + 50% coating grade asphalt-polymer blend

produced in (C)
(F)  63% starting asphalt + 37% coating grade-polymer blend produced in

(C)

Softening points and viscosities were measured as in Example 1.

(a) Calculated
Example 4

A feedstock was prepared by blending 20 wt.% of an airblown coating
grade asphalt (softening point 195°F (91°C); viscosity 12,580 cP at 275°F
(135°C). with 80% of an unoxidized asphalt (AC-3) (softening point 61°F (16°C);
viscosity 70 cP at 275°F (135°C). Coating grade was prepared from Tia Juana
Medium residuum. Unoxidized asphalt was prepard from a blend of naphthenic
crude oil residua. The resulting 80/20 blend had a softening point of 117°F
(47°C) and a viscosity of 388 cP at 275°F (135°). To 376.8g of this 80/20 blend,
heated at 320°F (160°C), 11.3g of a sulfonated zinc neutralized styrene-
butadiene-styrene triblock radial copolymer was added, and the mixture was
stirred for 2 hours. The resulting polymer-asphait blend had a softening point of
153°F (67°C) and a viscosity of 1042 cP at 275°F (135°). It was storage stable
after 4 days at 160°C, having a bottom and top softening point of 164°F (73°C)
and 165°F (74°C), respectively. The storage stability was also confirmed by
optical microscopy. In another vessel, 338g of the 80/20 blend was heated to
320°F (160°C) and 10.15g of a sulfonated zinc neutralized styrene-butadiene
diblock copolymer was added, and the mixture stirred for 2 hours. The resulting
polymer modified asphalt had a softening point of 135°F {57°C) and a viscosity
of 1074 cP at 275°F (135°C). It was storage stable after 4 days at 160°C (both
top and bottom samples had softening points of 140°F (60°C), and the storage
stability was confirmed by optical microscopy. Other blends were made with the
same 80/20 asphalt feed and the same amounts of unsulfonated polymers.
These blends were not storage stable, having bottom and top softening points
of 130°F (54°C) and 212°F (100°C), respectively, for the SBS blend and 141°F
(61°C) and 129°F (54°C), respectively, for the SB blend.
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Similar experiments were carried out using an air oxidized Baytown AC-
10 asphalt prepared as described in Exarnple 1. Data are shown in the table
below. Softening points and viscosities were measured as in Example 1.

TABLE
Softening Viscosity Softening Point °F (°C)
Sample Polymer  Point°F (°C) 135°C  Top Bottom
(AC-10) Bitumen None 107 (42) 278 - -
Air Oxidized None 127 (53) 638 - -
Air Oxidized 2% Zn 128 (53) 832 126 (52) 127 (563)
Sulfo-SBS |
Air Oxidized 2% Zn 144 (62) 1806 142 (61) 142 (61)
Sulfo-SB
Air Oxidized 4% Zn 153 (67) 3610 154 (68) 154 (68)
Sulfo-SB

Example 5

Another blend of 20% coating grade and 80% of unoxidized Tia Juana
Medium asphalt was prepared. Coating grade was prepared from Tia Juana
Medium residuum. It had softening point and viscosity as shown in the table
below. 3 wt.% of a zinc neutralized sulfonated SBS radial triblock copolymer
was added to this blend. In another blend 3 wt.% of the unsulfonated SBS was
added. Data below indicate the necessity of having a sulfonated SBS radial
triblock copnlymer. Softening points and viscosities were measured as in

Example 1.
TABLE
Initial Softening  Viscosity  Softening Point °F (°C)
Polymer Point °F (°C) 135°C Top Bottom
None 115 (46) 408 - -
3% SBS 140 (60) 2465 135 (57) 210 (99)

3% Zn Sulfo SBS 158 (70) 3355 163 (73) 165 (74)
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An asphaltic composition having improved storage stability, which
comprises & storage stable mixture of an oxidized asphalt, a sulfonated polymer
selected from the group consisting of sulfonatedm EPDM, sulfonated styrene-
butadiene linear diblock, sulfonated styrene-butadiene-styrene linear triblock
and sulfonated styrene-butadiene-styrene radial triblock copolymers and acrylic
acid terpolymers, and a basic neutralizing agent, wherein the polymer is
present in an amount that is sufficient to result in a storage stable composition
having a softening point greater than about 55°C and a viscosity in the range of
from 150 cPs to 2000 cFs or from 3000 cPs to 8000 cPs measured at 135°C.

2. The composition of claim 1 wherein the polymer is sulfonated EPDM and
wherein the polymer is present in an amount less than 4 wt.% total composition.

3. The composition of claim 1 wherein the polymer is sulfonated EPDM in
an amount from 2 wt.% to 3 wt.% total composition.

es22, 4, The composition of claim 1 wherein the polymer is selected from the
Sl group consisting of sulfonated styrene-butadiene linear diblock, styrene-
butadiene-styrene linear and styrene-butadiene-styrene radial triblock
Y copolymers in an amount from 2 wt.% to 7 wt.% total composition.

Telee 5. The concosition of claim 1 wherein the polymer is selected from the

group consisting of sulfonated styrene-butadiene linear diblock, styrene-
butadiene-styrene linear and styrene-butadiene-styrene radial copolymers in
an amount from 3 wt.% to 5 wt.% toial composition.

6. The composition of claim 1 wherein the basic neutralizing agent contains
cations having a valence of from +1 to +3.




15

7. The composition of claim 1 wherein the basic neutralizing agent contains
cations selected from the group consisting of Ca+2, Zn+2, Ba+2, Mg+2, and
mixtures thereof.

8. The method of preparing the composition of claim 1 wherein the oxidized
asphalt, acid functionalized polymer and basic neutralizing agent are combined
in situ at a temperature from above 140°C to 250°C.

9. The method of preparing the composition of claim 1 wherein the acid
functionalized polymer is first neutralized, and then combined with the oxidized
asphalt at a temperature from above 140°C to 250°C.

10. The composition of claim 1 wherein the polymer is acrylic acid
terpolymers in an amount of from 2 wt.% to 7 wt.% total composition.

DATED this 6th day of December, 1994.

EXXON RESEARCH ENGINEERIN MPANY

WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD

HAWTHORN VICTORIA 3122

AUSTRALIA

DOC 40 AU3394893.WPC DBM:KP
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ABSTRACT

NEW POLYMER-MODIFIED, OXIDIZED ASPHALT
COMPOSITIONS AND METHODS OF PREPARATION

Disclosed in this invention are novel asphaltic compositions
having improved viscoelastic properties and storage stability. They
contain neutralized mixtures of oxidized asphalt and an acid function-
alized po]ymer, which polymer is selected from the group consisting of
sulfonated EPDM, sulfonated styrene-butadiene, and acrylic acid
terpolymeré, in an amount that is sufficient to result in an asphaltic
composition having a softening point greater about 55°C and a viscosi-
ty in the range from about 150 cP to 2000 cP or from about 3000 cP to
about 8000 cP at 135°C. The basic neutralizing agent used in these
compositions contain cations having a valence of from +1 to +3,
preferably +2. The invention also relates to the products produced by
the process and method of making the compositions. The compositions
can be used as a binder in paving applications, particularly as a
binder in dense graded and in open graded hot mix pavements.
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