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PERFORMANCE GRADED SULFUR MODIFIED ASPHALT CONIPOSITIONS
FOR SUPER PAVE COMPLIANT PAVEMENTS

| FIELD OF THE INVENTION

[0001]  Disclosed herein are an asphalt concrete mixture, an asphalt binder. composition,

and methods of preparing the asphalt concrete mixture.

BACKGROUND OF THE INVENTION

[0002] As modern commerce depends on reliable and cost-effective methods for
delivering products from suppliers to users, the availability of durable and reliable highways,
roads and other support surfaces for vehicles is vital for sustaining a modern economy. To
provide better support surfaces, highways, roads, and sidewalks are commonly paved with an
asphalt concrete that is laid over the surface of the sub-base. Asphalt concrete cem'ent_ is
preferred over Portland Cement Concrete to pave roads because it is less expensive and very
durable. Asphalt hot mix can also be constructed at night, which allows major roads to be
shut down at the least busy of times for maintenance. Relative to road noise, asphalt is also

quieter than Portland Cement Concrete, making it the better choice for roads.

[0003] Asphalts are essentially mixtures of bitumen, as binder, with aggregate, in
particular coarse and fine aggregate and mineral fillers. There are many different types of
asphalts available and their characteristics can lvary quite significantly. The design of
asphalts for bituminous paving application is a complex process of selecting and
‘proportioning materials to obtain the desired properties in the finished construction while

minimize undesirable characteristics.



WO 2012/061577 : PCT/US2011/059108

[0004] In evaluating the development of proper mix designs, the aggregate gradation,
binder content, and compaction effect are critical in obtaining a hot mix asphalt that performs
according to the requirements. The final goal of mix design is to achieve a balance among all
of the desired properties. Both unmodified and polymer modified asphalt binders have been
investigated for to 'help achieve the desired performance properties in the hot mix asphalt,
. such as resistant to permanent deformation, resistance to low temperature thenﬁal cracking

and resistance to fatigue cracking.

[0005] Unsaturated thermoplastic elastomers like styrene-butadiene-styrene (SBS) block
copolymers are polymers used for asphalt modification. They enhance the elastic recovery
capacities of asphalt and, therefore, its resistance to permanent deformations. However,
- unsaturated elastomeric polymers are quite expensive and are subjected to degradation when
exposed to atmdspheric agents and mechanical stress. This can result in a significant cost
increase for the product. While SBS is recognized for performance benefits, research has

focused on most cost effective modifiers in exchange for sacrificing superior performance.

[0006] Oleﬁnic polymers have been investigated for use as modifiers. They are available
in large quantities with different rheological properties and at low cost. Polyethylene (PE)
and polypropylene (PP) are plastomers. They bring a high rigidity (i.e., lack of elasticity,
resistance to bending) to the product and signiﬁéantly reduce deformations under traffic load.
Due to their chemical and structural make-up, PE and PP suffer from the drawback that they

are almost completely immiscible with asphalt, and are thus limited in use.

[0007] Unmodified asphalts will flow at high temperature and are limited with respect to
certain road applications, The characteristics of road asphalts can be improved by
incorporating of elastomeric-type polymers. There exists a wide variety of polymers that can
be mixed with asphalt. Of these, SBS is a commonly used polymer in asphalt modification.
The modified asphalts thus obtained commonly are referred to variously as bitumen/polymer
binders or asphalt/polymer mixes. There is a need for a modification to hot mix asphalt
concrete mixes that would increase the resistance to permanent deformation at high
temperatures while improving the modulus of the mix at intermediate temperatures without

affecting the binder properties significantly to improve the fatigue properties.

[0008] The bituminous binders,_even of the bitumen/polymer type, which are employed at

the present time in road applications often, do not have the optimum characteristics at low

-
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enough polymer concentrations to consistently meet the increasing structural and workability
requirements imposed on roadway structures and their construction. In order to achieve a
given level of modified asphalt performance, various polymets are added at some prescribed
concentration. It is common practice to use a cross-linking agent, such as sulfur, to
compatibilize polymer in the asphalt and help improve the properties. The sulfur in these
cases is added in a range of about 3 — 5 wt. % based on the polymer. When sulfur is added at

a loading greater than several weight percentage, then it is considered a modifier.

[0009] When added to bitumen at 140°C, sulfur is finely dispersed in bitumen as
uniformly small particles; coagulation and settlement of sulfur particles become noticeable
after a few hours, Therefore, the sulfur extended asphalt (SEA) mixtures can be produced
directly in the mixing plant just before the laying of the asphalt mixture. One major concern
in handling sulfur—asphalt mix is the fear of the evolution of hydrogen sulfide (H,S) during
production and laying. This problem can be ameliorated by adding carbon or ash to sulfur.
HsS evolution starts at temperatures higher than 150°C, so that the application at temperatureé
up to 150°C avoids pollution ahd safety problems. However, H»S evolution starts well below
-150°C, i.e. about 130°C. Also, higher loadings of sulfur cannot be used in conjunction with
unsaturated polymers, such as SBS, SB and SBR because of the formation of gel and gross

incompatibility.

[0010] Besides concerns related to emiésioﬁs, sulfur modified asphalt compositions have
not able to be super pave performance graded (PG). The unreacted sulfur in the past tended
to cause embrittlement upon aging. Earlier reported sulfur asphalt binders did not report on
improving the -grading of the asphalt over an unmodified control at both the high temperature

and low temperature regions.

[0011] A need exists for asphalt compositions that can be performance grade. It would be
- advantageous if the compositions could include materials, such as sulfur, that enhance

performance of the compositions, while being relatively inexpensive.

SUMMARY OF THE INVENTION

- [0012] 1In view of the foregoing, asphalt concrete compositions, asphalt binder
compositions, and methods of preparing the compositions are provided as embodiments of

the present invention. The compositions of the present invention are capable of being
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performance graded. The asphalt binder compositions generally include a polyphosphoric
acid, a macromolecular polymer having a saturated backbone with macromolecular
modifications, and sulfur. In an aspect, the sulfur can be elemental sulfur or any form
whether in powder form, slurry, or crystallized in the orthorhombic form. The binder can be

added to asphalt concrete to produce the asphalt concrete compositions.

[0013] ©  An asphalt concrete composition having high sulfur load with improved properties
relative to high temperature rotational viscosity without a reduction in dynamic shear
properties is provided as an embodiment of the present invention. In this embodiment, the
asphalt concrete composition includes a polyphosphoric acid, a macromolecular polymer
.having a saturated backbone with macromolecular modifications, sulfur, and an asphalt
concrete. Polyphosphoric acid can have the erhpirioal formula P¢H,O; in which g, r, and s are
positive numbers such that q is greater or.equal to 2 and preferably ranges from 3 to 20. Any
linear oompound of the empirical formula PyHyi2034+1 or polyphosphoric acids that can be
polycondensation products formed from heating of metaphosphoric acid can be used in
embodiments of the present invention. In an aspect, the sulfur can be elemental sulfur or é.ny-
form whether in powder form, slurry, or crystallized in the orthorhombic form. Tn an aspect,

the asphalt concrete includes aggregate and bitumen.

[0014]  The amounts of each component contained within the asphalt conerete composition
can be varied. The polyphosphoric acid can be present in an ambunt effective to provide
sufficient fbrmatidn of improved high stiffness properties. The macromolecular polymer can
be present in an amount effective to increase viscosity of the composition so that it can be
~ used in warm mix applications. Any polymer with a saturated hydrocarbon backbone, with
or with reactive fﬁnctionaiify can be used in embodiments of the presenf invention. Polymer_s
formed from the monomers of cthylene, propylene; acrylate, butyacryiates; -butylenes,
hexenes, octenes, acrylate, butyacrylates, butylénes, etc.; loﬁg chain branched polyolefins
with octenes; polyolefins graft or /or block/ or diblock/ or triblock polymers with maleic
anhydride, fumarate and maleate esters, (meth)acrylate esters [e.g.glycidyl methacrylate and
hydroxethyl methacrylate] and (meth)acrylic acid; polyolefin elasfomers containing reactive
p-methylstyrene groups, such as poly(isobutylene-co-p-methylstyrene) elastomers; or
combinations thereof can be used in embodiments of the present invention. The sulfur can be
present in an amount effective to at least partially emulsify in the composition. The addition

of sulfur under high shear in compositions of the present invention allows the sulfur to
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basically emulsify to some degree in the asphalt. The use of high shear allows for complete
dispersion of the sulfur at a loading where all the sulfur is soluble and does not come out of

solution.

[0015] As another embodiment of the present invention, a highly ioaded sulfur-modified
asphalt binder compqsiﬁon for.use with asphalt concrete for improved properties relative to
high temperature rotational viscosity without a reduction in dynamic shear properties is
provided. In this embodiment, the binder includes a polyphosphoric acid, a macromolecular
polymer having a saturated backbone with macromolecular modifications, and sulfur. In an
aspect, the sulfur can be elemental sulfur or any form whether in powder form, slurry, or

- crystallized in the orthorhombic form.

[0016] The amounts of the components of the binder composition can vary. For example,
the polyphosphoric acid is present in a range of about 0 wt. % to about 2.0 wt. % to provide
sufficient enhancement of the high temperature properties. As another example, the
macromolecular polymer having a saturated backbone with macromolecular modifications is
present in a raﬂge of about 0 wt. % to about 5 wt. % to increase viscosity of the binder so that
it can be used in warm mix applications. The use of polymer modified asphalt binders
requires higher processing temperature not making it suitable for warm mix applications due
lto the reduction of the high temperature viscosity. The sulfur is present in an amount
effective to at least partially emulsify in the composition. Other suitable amounts of each
component will be apparent to those of skill in the art and are to be considered within the

scope of the present invention.

[0017]  Besides the compositional embodiments, methods of preparing the asphalt
composition are also provided as embodiments of the present invention. In an embodiment, a
method of preparing an asphalt concrete composition having high sulfur load with improved
~ properties relative to high temperature rotational viscosity without reduction in dynamic

shear properties is provided.

[0018] In an embodiment, a binder composition is prepared that includes a bolyphosphoric
acid, a macromolecular polymer having a saturated backbone with macromolecular
modifications, and sulfur. In an aspect, the sulfur can be elemental sulfur or any form
whether in powder form, slurry, or crystallized in the orthorthombic form. The

polyphosphoric acid is present in an amount effective to provide sufficient high temperature
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stiffness. The sulfur is present in an amount effective to at least partially emulsify in the
composition. Once the binder has been prepared, it is combined with asphalt concrete to
produce the asphalt concrete composition. As with other embodiments, the asphalt concrete

includes aggregate and bitumen.

[0019]  The compositional embodiments of the present invention are compliant to
Performance Grade of asphalts and improx?es the grading of the asphalt over an unmeodified
control at both the high temperature and low temperature regions. The birider conipositions
~of the present invention can be used as a lower cost alternative to polymer modified binders
in asphalt pavement applications. The compositions of the present invention can be used in

~ paving applications.

[0020] Emb_dd_iments of the present invention include sulfur-modified asphalt
compositions that perform as an asphalt binder in paving applications. The binder
composition embodiments allow the compositions of the present invention to be performance
graded and improve the grading of the asphalt over an unmodified control at both the high
temperature and low temperature regions, which significantly enhances the both low and
higher temperature applications range in which the conipositions can be used, particuiafly in

pavement construction applications,

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]  So that the manner in which the above-recited features, aspects and advantages df
the invention, as well as others that will become apparent, are attained and can be understood
in detail, more particular description of the invention briefly summarized above can be had
by reference to the embodiments thereof that are illustrated in the drawings that form a part of
this specification. It is to be noted, however, that the appended drawings illustrate some
embodiments of the invention and are, thereforg, not to be considered limiting of the

invention's scope, for the invention can admit to other equally effective embodiments.

[0022]  FIG. 1 is a graphical representation of a time-temperature Superposition of the log
" modulus (G") versus the log reduced frequency comparing a composition with and without
inclusion of a high sulfur load in accordance with embodiments of the present invention as

described in Example 1.
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[0023] FIG. 2 is a graphical representation of phase angle versus the log reduced
frequency for compositions with and without inclusion of a high sulfur load in accordance

with embodiments of the preseh’c invention as deécribed in Example 1.

[0024] ~ FIG. 3 is a graphical representation of a time-temperature superposition of the log
modulus (G") versus the log reduced frequency comparing a composition with and without
inclusion of a high sulfur load in accordance with embodiments of the present invention as

described in Example 2.

[0025] FIG. 4 is a graphical representation of phase angle versus the log reduced.
frequency for compositions with and without inclusion of a high sulfur load in accordance

with embodiments of the present invention as described in Example 2.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Tt is desirable for asphalt concrete, including asphalt and aggregate, asphalt
compositions for resurfacing asphalt concrete, and similar asphalt compositions to exhibit a
certain number of specific mechanical properties to enable their use in various fields of
application, especially when the asphalts are used as binders for superficial coats (road
surfacing), as asphalt emulsions, or in industrial applications. As used herein, the term
"asphalt” can be used inferchangeably with "bitumen." As used herein, "asphalt concrete" is
geherally asphalt used as a binder with appropriate aggregate'added, typically for use in
roadways. The use of asphalt or asphalt emulsion binders either in surface tréatments or thin
lift overlay, or as a thi.cker structural layer of bituminous mix in asphalt concrete, is enhanced
| if these binders possess the requisite properties such as desirable levels bf performance with

respect to temperature and loading.

[0027] The general method used to grade asphalt binder is AASHTO M320, where
AASHTO stands for the American Association of State Highway Transportation Officials.
The Performance Grading has numerous steps which simulate what the asphalt binder will
be exposed to during précessing and subsequent field use. For example, Rolling ThianiIm
_Ovén (RTFO) and Pressure Aging Vessel (PAV) studies are used to simulate binder aging
(hardening) characteristics. Dynamic Shear Rheometers (DSR) are used to measure binder
properties at high and intermediate temperatures. This is used- to‘ predict permanent

deformation or rutting and fatigue cracking, The RTFO DSR is used to indicate if a binder
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has sufficient strength to resistance permanent deformenation (minimum rutting resistance as
defined as a "G*/sin 8" over 2.20 kPA and measured by a dynamic shear rheometer (DSR)).
Resistance fatigué cracking is nﬁeasured by aging the binder in the Pressure Aging Vessel and
loékgin at the resulting G*/sin & properties using the Bending Beam Rheometers (BBR). A
BBR is used to measure binder properties at low temperatures. This method is used to
measure the binders stiffness and flexibility at low temperatures and related to the_ binder's

resistance to have low temperature thermal cracking.

| [0028]  Asphalt grading is given in accordance with accepted standards in the industry,
such as PG 64-22, where PG stands for Performance Grade and 64 is related to the
higher temperature in degrees Celsius and -22 is the low temperature in degre;es

Celsius.

[0029] As indicated previously, asphalt concrete includes asphalt combined with
aggregates in various rations, one exemplary ration being approximately 92 parts by weight
of aggregate (coarse, fine and mineral filler) approximately 5 parts by weight of liquid
.asphalt and the rest being composed of air voids. Other suitable amounts of agg‘regatés and
bitumen can be used, as will be apparent to those of skill in the art, and are to be considered
within the scope of the present invention. The asphalt cement is used to bind together the -
aggregate material and limit its mobility when a load is applied. The aggregate is prepared
in a matter to have certain amount of fracture faces and when mixed in the proportion
according to the Job Mix Formula and mixed with the liquid asphalt and compacted to the

required density forms a Hot Mix Asphalt pavement.

[0030] Elastic modulus, which is sometimes called Young's modulus, is a property that is
often used to determine if an asphalt composition is suitable for a particular application.
Elastic modulus (E) can be determined for a solid material and represents a constant ratio of
‘stress and strain (a stiffness): E = stress/strain. A material is elastic if it is able to return to. its
original shape or size immediately after being stretched or squeezed. Almost all materials are
elastic to some degree as long as the applied load does not cause it to deform permanently.
“Thus, the "flexibility” of any object or‘structure depends on its elastic modulus and geometric
shape. The modulus of elasticity for a material is basically the slope of its stress-strain plot

within the elastic range.
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[0031] Asphalt has been the subject of exhaustive study to improve characteristicé for use
in paving, Various properties of asphalt are manipulated to produce a product thatr has the
ap.propriatewear properties, rut resistance, fatigue and low temperature cracking resistance,
adhesion strength, and viscosity. Rut resistance is resistance to longitudinal surface
depressions in the wheel paths. Asphalt can be any asphaltic product formed from the
atmospheric and vacuum distillation of crude oil, natural asphalt (Gilsonite®, Trinidad Lake
Asphélt, Shale Oil derived or tar sands.) and can be hard asphéit, blown asphalt, stiff refined
asphalt, or a flux. Asphalt can also be generated as a stream from ROSE process, solvent
deasphalting. Asphalt is usually the base ingredient for the primer and the binder.  Besides
the asphalt .binder, other materials, such as fibers (including but not limited to, mineral or
cellulose), processing agent (including but nOt-limited to, oligiomeric wax, carboxilated,
derivative of oligiomeric wax, or low molecular weight polyolefins), polymeric or
elastomeric additive, or asphalt-derived. A primer melts to the aggregate, Asﬁha}t binders

without polymers are referred to as "neat".

[0032] In view of the foregoing, asphalt concrete compositions, asphalt binder
compositions, and methods of preparing the compositions are provided as embodiments of
the present invention. The asphalt binder compositions generally include a polyphosphoric
acid, a macromolecular polymer having a saturated backbone with macromolecular
.modifications, and an stﬂfur. In an aspect, the sulfur can be elemental sulfur or any form

whether in powder form, slurry, or crystallized in the orthorhombic form.

[0033]  An asphalt concrete composition having high sulfur load with improved properties
relative to high teinperature rotational viscosity without a reduction in dynamic éhear
properties is provided as an embodiment of the present invention. In this embodiment, the
asphalt concrete composition includes a polyphosphoric .acid, a macromolecular polymer
having a saturated backbone with macromolecular modiﬁcations,'sulfur, and an asphalt
concrete. Polyphosphoric acid can have the empirical formula PqH,O; in which g, r, rand s are
positive numbers such that q is greater or equal to 2 and preferably ranges from 3 to 20. Any.
linear compound of the empirical formula P.Hy:201441 0r polyphosphoric acids that can be
poiycondensation products formed from heating of metaphosphoric acid can be used in
embodiments of the present invenﬁon. In an aspect, the sulfur can be elemental sulfur or any
form whether in powder fofm, slurry, or crystallized in the orthorhombic form. In an aspect,

the asphalt concrete includes aggregate and bitumen,
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{0034] The amounts of each cémponent contained within the asphalt concrete composition
can be varied. The polyphosphoric acid can be present in an amount effective to increase the
high temperature stiffness. “The macromolecular polymer can be present in an amount
effective to increase viscosity of the composition so that it can be used in warm mix
applications. Any polymer with a saturated hydrocarbon backbone, with or with reactive
functionality can be used in embodifnents of the present invention. Polymers formed from
the monomers of ethylene, pfopy]ene, acrylate, butyacrylates, butylenes, hexenes, octenes,
acrylate, butyacrylates, butyienes,r etc.; long chain branched polyolefins with octenes;
polyolefins graft or /or block/ or diblbck/ or triblock polymers with maleic anhydride,
fumérate and maleate esters, (meth)acrylate esters [e.g.glycidyl methacrylate and hydroxethyl
methacrylate] and (meth)acrylic acid; polyolefin clastomers confaining reactive p-
methylstyrene -groups, such as poly(isobutylene-co-p-methylstyrene)  elastomers; or
combinations thereof can be used in embodiments of the present invention. The sulfur can be

present in an amount effective to at least partially emulsify in the composition.

[0035] ‘As another embodiment of the present invention, a highly loaded sulfur-meodified
asphalt binder composition for use with asphalt concrete for improved properties relative to
high temperature rotational viscosity without a reduction in dynamic shear properties is
“provided. In this embodiment, the binder includes a polyphosphoric acid, a macromolecular
polymer having a saturated backbone with macromolecular modifications, and sulfur. In an
aspect, the sulfur can be elemental sulfur or aﬁy form whether in powder form, slurry, or
crystallized in the orthorhombic foﬁn. The binder of the present invention is a performance
grade binder with high loading sulfur polymer modified asphalt that has low rotational

viscosity.

[0036] The amounts of the components of the asphalt composition and the binder
composition can vary. For example, the polyphosphoric acid is present in a range of about 0
wi. % to about 2.0 wt. % to provide increased high temperature stiffness. As another
example, the macromolecular polymer having a saturated backbone with macromolecular
modifications is present in a range of about 0 wt. % to about 5 wt. % to increase viscosity of
~ the binder. The sulfur is present in an amount effective to at least partially emulsify in the
composition. In an aspeet, the sulfur is present in loadings ranging from about 20 wt. % to
about 50 wt. %. When there is asphalt éoncrete present, the asphalt concrete can be present

in a range of about 50 wt. % to about 90 wt. %. Other suitable amounts of each component

-10-
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will be apparent to those of skill in the art and are to be considered within the scope of the

present invention.

[0037]  The types of components used in embodiments of the present invention can be
varied.. For example, the types of macromolecular polymer having a saturated backbone with
macromolecular modifications can vary. For example, the macromolecular polymer having a
saturated backbone with macromolecular modifications can include any polymer with a
saturated hydrocarbon backbone, with or with reactive functionality can be used in
embodiments of the present invention. Polymers formed from the monomers of ethylene,
propylene, acrylate, butyacrylates, butylenes, hexenes, octenes, acrylate, butyacrylates,
butylenes, etc.; long chain branched polyolefins with octenes; polyolefins graft or /or block/
or diblock/ or triblock polymers with maleic anhydride, fumarate and maleate esters,
(meth)acrylate esters [e.g.glycidyl methacrylate and hydroxethyl methacrylate] and -
{meth)acrylic acid; polyolefin elastomers containing reactive p-methylstyrene groupé;, such as
poly(isobutylene-co-p-methylstyrene) elastomers; or combinations thereof can be used in
embodiments of the present invention. Other suitable types of polymers that can be used in
the present invention will be apparent to those of skill in the art and are to be considered

within the scope of the present invention.

[0038] Besides the compositional embodiments, methods of preparing the asphalt
composition are also provided as embodiments of the present invention. Tn an embodiment, a
method of preparing an asphalt concrete composition having high sulfur load with improved
properties relative to high temperature rotational viscosity without a reduction in dynamic

shear properties is provided.

[0039]  In an embodiment, a binder composition is prepared that includes a polyphosphoric
acid, a macromolecular polymer having a saturated backbone with macromolecular
modifications, and sulfur. In an aspect, the sulfur can be elemental sulfur or dny form
- whether 'Iin powder form, slurry, or crystallized in the orthorhombic form. The
polyphosphoric acid is present in an amount effective to provide increased high temperature
stiffness. The macromolecular polymer is present in an amount effective to increase viscosity
of the composition so that it can be-used in hot mix applications. The sulfur is present in an
amount effective to at least partially emulsify in the composition. Once the binder has been
prepared, it is combined with asphalt concrete to produce the asphalt concrete composition.

As with other embodiments, the asphalt concrete includes aggregate and bitumen.
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[0040]  As indicated previously, sulfur has been explored to modify éspha_lt by others;
however, sulfur-modified asphalt compositiqns have not able to be used as Performance
Grade _binders. The unreacted sulfur in the past attempts tended to cause embrittlement upon
aging. Embodiments of the present invention include sﬁifur modified asphait compositions
that can perform as an asphalt binder in pavi'ng applications. The composition of the binder
allows these materials to be performance graded and improves the grading of the asphalt over
an unmodified control at both the high temperature and low temperature regions, which
significantly enhances the both low and higher temperattire applications of these materials in
the pavement construction. The compositional embodiments of the present invention are
compliant to Performance Grades of asphalts and improves the grading of the asphalt over an
unmodified control at both the high temperature and low temperature regions. Tﬁe binder
compositions of the present invention can be used as a low cost alternative to polymer |

modified binders in asphalt pavement applications,

[0041] In an aspect, the compositions of the present invention are PG graded. The
perfomiancc grade of the compositions of the present invention can vary depending upon'the
amounts of the compdnents that are present in the compositions. For example, if the sulfur is
present in an amount of about 20 wt. %o, along with other appropriate components as will be
understood by those of skill in the art, then the composition is PG graded as 64-34. An
another example, if the sulfur is present in an amount of about 50 wt. %, along with other
appropriate components as will be understood by those of skill in the art, then the -
composition is PG graded as 64-28. An another example if the elemental sulfur is present in
an amount of about 20 wt. %, with asphalt, polyphosphoric acid, Elvaloy® polymer and
Sasobit® wax can be PG graded as PG 70-28 or 76-22 depending upon the amount of
components.  Other components that can affect the PG grading can include the
polyphosphoric acid, polymers with a saturated hydrocarbon backbone, suitable non-
surfactant additives based on wax chemistry, and the like. As with other embodiments of the
present invention, the polyphosphoric acid can have the empirical formula P H,0O; in which g,
1, and s are positive numbers such that q is greater or equal to 2 and preferably ranges from 3
to 20. Any linear compound of the empirical formula P{Hg+2034+1 or polyphosphoric acids
that can be polycondensation products formed from heating of 'metaphosphoric acid can Be
used in embodiments of the present invention. The polymers with a saturated hydrocarbon
backbone can include polymers formed from the monomers of ethylene, propylene, acrylate,

butyacrylates, butylenes, hexenes, octenes, acrylate, butyacrylates, bu‘tylenes_, etc.; long chain
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branched polyolefins with octenes; polyolefins graft or /or block/ or diblock/ or triblock
polymers with maleic anhydride, fumarate and maleate esters, (meth)acrylate esters.
{e.g.glycidy]l methacrylate and hydrdxethy] methacrylate] and (meth)acrylic acid; polyolefin
elastomers containing reactive p-methylstyrene groups, such as poly(isobutylene-co-p-
methylstyrene)} elastomers; or combinations thereof can be used in embodiments of the
present invention. -The non-surfactant additives bésed on wax chemistry can include
Sasobit® wax, Fischer-Tropsch wax, ceresin wax, montan‘ wax, wax extracted from lignite
and brown coal, Ozocerite that is found in llignite beds, peat wax, paraffin wax,
microcrystalline wax, Petroleum jelly. non-paraffin wax, natural wax. carnuba wax, bees
wax, candelilla’ wax, shellac wax, castor wax, rice wax, modified natural wax. partial
synthetic wax, polycthylene wax that is based on polyethylene, chemically modified wax,
esterified chemically modified wax, saponified chemically modified wax, substituted amide
waxes, polymerized a-olefins waxes, synthetic wax, or combinations thereof. Other suitable
components will be apparent to those of skill in the art and are to be considered within the

scope of the present invention.

[0042] - The components contained in compositions of the present invention provide the
compositions with good physical properties, particulaﬂy when compared with conventional
asphalt compositions. For example, in an aspect, the compositions of the present invention
have a dynamic shear of less than about 5,000 kPa at the intermediate temperature. Besides
the dynamic shear, the rotation viscosity is also reduced as a result of the components

contained in the compositions of the present invention. In an aspect, the composition has a

rotational viscosity in a range of about 0.150 Pa-s to about 0.700 Pa-s at 135°C.

[0043] In an aspect, elemental sulfur was added to asphalt compositions containing
polyphosphoric acid and saturated macromolecules with macromolecular modification (block
co- polymer, ter-polymer, graft-block co or ter-polymer (random, alternating, block, graft-
block that can contain reactive functionality) with the resulting binder having superior _
properties in many areas. Several of the resulting prepared compositions in accordance with
embodiments of the present invention were found to have unexpected results. For example, |
the compositions of the present invention showed remarkably improved low temperature
performance of the binder, Based on the limiting stiffness temperatures obtained on' the
bending beam rheometer testing improved the low temperatdre of the Performancé Grade 64-

22 Asphalt control by six degrees of one grade on the low temperature. The addition of the -
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sulfur under high shear also dramatically reduced the high temperature viscosity of the
modified binder, which makes it possiblé to process at low temperatures, such as in warm

‘mix applications.

[0044]  Another expected result was that the reaction of PPA,‘ elemental sulfur and
macromolecular polymer having a saturated backbone with macromolecular modifications
(e.g., Elvaloy® polymer) reduced the limiting fatigue related temperature by five degrées,

which is equivalent to a grade and half improvement in this parameter.'

[0045]  The literature has claimed that sulfur can become embrittled during aging. The
contrary was observed in the compositions made in accordance with embodiments of the
present invention. The sulfur modified compound formulations of the present invention
unexpectedly showed better properties after PAV (Pressure aging Vessel) aging (lower G*-
sin &) for a given temperature, PAV aging data of the sulfur modified Asphalt formulation

showed a value of 5,390 kPa at 16°C versus the non-sulfur modified binder which displayed
* avalue of 6,680 kPa at 16°C, which is statistically higher. |

[0046] An another unexpected result, it was expected that hydrogen sulfide (H,S)
emissions from the compositions made in accordance with embodiments of the present
invention would be the same as other PPA modified - asphalt compositions. The H;S
emissions from the compositions of the present invention were lower for Elvaloy® polymer

modified sulfur asphalt compositions than prior art PPA-modified compositions.

[0047]  The compositions and methods of the present invention provide a way to make a
betier performing asphalt binder, particularly with respect to low temperature and high
temperature viscosities, utilizing sulfur, which is generally much less expensive than asphalt.
When using the compositions .and methods of the present invention, the low temperature |
.properties of asphalt are improved without additional amounts of polymer, extender oils, or

more expensive asphalts.
Exﬁmple 1

[0048] In Experiment A, base PG 64-22 asphalt modified with 1.5 wt. % Elvaloy®
polymer and 0.5 wt. % 115% PPA was compared to the same blend with the addition of 20
wt. % sulfur. The addition of sulfur into this compound provided several unique attributes

that could not be obtained economically by other methods.
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[0049]  The base PG 64-22 with 0.5 wt. % PPA and 1.5 wt. % Elvaloy® polymer produced
a binder with a PG 70-22 with an effective temperature range of 74.0-27.5 (Table 1). This
base binder also displayed a high Rotational Viscosity of 1.563 Pa-sec. When this compound
was made by blending 20 wt. % sulfur under high shear into the blend and then subsequently
modifying, enhanced performance is observed both at the processing temperature and low
temperatures, The sulfur modified binder displayed a 62% reduction in rotational viscosity at
135°C, while improving the effective temperature range to 73.2-30.3 for a PG 70-28 binder
(Table 2). Signiﬁcantly lower rotational viscosity at 135°C offers the superior processing

performance.

[0050] The results of Experiment A are significant because a binder graded this way
typically requires the use of a high percentage of polymer >4 wt. % and the use of a very soft
base asphalt to maintain the low temperature properties. Tn this experiment, there is a
synergistic reaction between the PPA and sulfur that provides the additional improvement at
the low end, while reducing the high temperature rotational viscosity. This technology can
lend itself to using modified asphalts in warm mix applications, where it is currently limited
by the high viscosity of modified binders. Furthermore, using the binder compositions in
accordance with embodiments of the present invention in ‘warm mix applications further

reduces the possible emissions of H,S.

[0051]  The literature has claimed that sulfur can produce embrittlement during aging. The
sulfur modified compound formulations showed better properties after PAV aging (lower G*-
Sin Delta) for a given temperature. The sulfur compound displayed‘a value of 5,390 kPa at
16°C versus the non-sulfur modified binder that displayed a value of 6,680 kPa at 16°C,
which is statistically higher. It is believed that this observed difference is also related to the -

synergistic effect between PPA and the sulfur.
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% 115% PPA

5

Dynamic Shear (G*/sind, 10 rad./sec.), kPa

ORIGINAL BIND
Specific Gravity T 228 Report 1.034
Softening Point, °C {°F) ASTM D 36 Report 63 (145)
| Penetration (100 grams, 5 seg.), dmm T 49 Report 71
Viscosity, Pars T 316 3.0 max 1:503
_ Report 0.320
Separation, R&B Difference, 48hrs., °C (°F)
Top, 1/3, Softening Point, °C (°F) : Report ‘60.6 (141.0)
Bottom, 1/3, Softening Point, °C (°F) ASTM D 5892 60.3 (140.5)
Difference, °C {°F) 2 (4) max. 0.3(0.5
G 3 G*/sind
64.6 4.010

69.2 1

AFTER RTFOT @ 135°C
Mass Change, % (Mass Loss is reported as Negative) .

RE AGING RESIDUE {100°C, 300 psi, 20

. G* 5 G*/sind
Dynamic Shear (G*/sin§, 10 rad./sec.), kPa T315 2.2 min. 2.740 62.4 3.000
' 1.650 | 63.5 | 1.850
% Reec. .
0.1 kPa ° Jn‘:'c gssg
MSCR : TP 70-08 Report .
% Rec. 62.1
3.2kPa
Jar 0.31

Report G* 3 G*ssind
Dynamic Shear (G*-sing, 10 rad./sec.), kPa T315 5,000 max. 9,660 43.8 6,680
‘ . 1,560 53.8 1,260
Stiffness, MPa (60 sec.) 300 max. 136
Creep m Value 0.300 min. 0.373
. : - T313
Stiffness | Stiffness, MPa {60 sec) 300 max. 322
m Value 0.300 min. 0.302
“True’ Performance Grade 74.0:27.5
AASHTO M 320 SUPERPAVE™ Binder Grade, PG: PG 70-22
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PG Determination for B

o

PCT/US2011/059108

i’nder Ad1 RG 64-22, w/1.5% Elvaloy RET & 0.5% PPA & 20 WL % Sulfur'

H.S Emissions, ppm D_?sicetsor Report 54gpg$rge:§:;,
Specific Gravity 156°C. T 228 Report 1.118
Softening Point, °C (°F) ASTM D 36 Report 60 (140)
.| Penetration (100 grams, 5 sec.), dmm T49 Report
Viscosity, Pass T316 3.0 max.
: ) G* G*/sind
Dynamic Shear (G*/sind, 10 rad./sec.), kPa T315 1.230 64.7 1.360
0.710 67.5 0.769

G* & G*/sind
: 3.820 63.6 4.260
. e Jsec. 2.2 min.
Dynamic Shear (G*/sins, .10 rad./sec.}, kPa T315 min 2210 | 65.9 2420
1.210 69.1 1.300
: % Rec. 43.9
0.1 kPa .
MSCR Jar TP 70-08 Report 0.7
% Rec, P 20.3
3.2kPa
Jor

PRESSURE AGING RES! ,
: o i Report G* 3 G*sind
Dynamic Shear {(G*+sing, 10 rad./sec.), kPa T315 5000 max .8,100 41.7 5,390
) - 2,100 | 487 1,580
Stiffness, MPa (60 sec.) e ' 300 max.
Cr_eep m Value i 7313 0.300 min,
Stiffness | Stiffness, MPa (60 sec.) : _24u ¢ " 300 max.
m Value Eeani et 0.300 min.

‘True' Performance Grade

AASHTO M 320 SUPERPAVE™ Binder Grade, PG:

[0052]  Figure 1 shows time-temperature superposition the Log Modulus (G’) versus the

Log Reduced Frequency for the PG 64-22 sulfur series described in Example 1 — Experiment

A. The response in the low frequency range provides insight into the behavior of each

system. There are significant differences in the low frequency region. The addition of the

PPA did not provide a substantial increase due to the temperature in which the PPA was

added. The Elvaloy® polymer/20 wt. % sulfur binder showed a large increase in modulus

signifying network formation and possible reaction with the sulfur. The Elvaloy®

polymer/PPA/20 wt. % sulfur binder showed the highest relative modulus values and was two,
orders of magnitude higher than the 20 wt % sulfur and 20 wt. % sulfur/PPA binders. The

large increase is atfributed to the reaction of the Elvaloy® polymer and PPA in the presence

of sulfur, resulting in a binder which displayed different rheological properties. Figure 1
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shows the Log Modulus G* versus the Log Reduced Frequency for PG 6422 series of
sulfur/PPA/Elvaloy® polymer modified binders. '

[0053] Figure 2 shows the Phase Angle versus the Log Reduced Frequency.f(')r PG 6422
serics of sulfur/PPA/Elvaloy® polymer modified binders described in Example 1 —
. Experiment A. The reference temperature for development of the master curve was 20°C.
The 20 wt. % sulfur/Elvaloy® polymer and 20 wt. % sulfur/Elvaloy/PPA showed the lowest
phase angles at the low frequencies. These results of lower phase angle relates to a more
elastic response. These rheological responses at lower frequencies clearly show presence of
elastomeric dynamic networks in Asphalt indicating the improvement in the Asphalt binder
long term properties. Also MSCR (multiple Stress creep recovery) test for PG Determination
for Binder (PG 64-22, + 1.5 wt. % Elvaloy® polymer +w/ 0.5% 115% PPA + 20 Wt. %
Sulfur) shows that the sulfur in the binder produced some three dimensional elastic structure |

which is evident from the 20.3 % Recovery at 3.2 kPa.
Example 2

[0054] In Experiment B, base PG 64-28 asphalt modified with 0.5 wt. % 115% PPA was
compared to the same blend with the addition of 20 wt. % sulfur. The addition of sulfur into
this compound provided several unique attributes that could not be obtain economically by

other methods.

[0055]  The base PG 64-28 with 0.5 wt. % PPA produced a binder with a PG 64-28 with an
effective température réngé of 69.2-31.4, as shown in Table 3. This binder also displayed a
Rotational Viscosity of 0.745 Pa-sec. When the same COrﬁpound was made, but with
blending 20 wt. % sulfur under high shear into the blend and then subsequently modifying,
enhanced performance was observed both at the 'processing tem]ﬁerature and low
femperatures. The sulfur modified binder displayed a 64% reduction in rotational viscosity at
135°C, while improving the effective temperature range to 65.9-34.3 for a PG 64-34 binder,

as shown in Table 4.

| [0056] The results shown in Table 4 are significant because a binder with this grading
typically requires the use of a high percentage of polymer >4 wt. % and the use of a very soft
base asphalt to maintain the low temperature properties. In Experiment B, there is a
synergistic reaction between the PPA and sulfur, which provides the addition improvement at

the low end, while reducing the high temperature rotational viscosity. This technology can
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fend itself to using modified asphalts in warm mix applications, where it is currently limited
by the high viscosity of modified binders. Furthermore, using these types of binder
compositions made in accordance with embodiments of the present invention in warm mix

applications further reduces the possible emissions of H,S.

[0057] As indicated previously, the literature has claimed that sulfur can producé
embrittlementr during aging. The sulfur modified compound showed better properties after
PAV aging (lower G*- sin §) for a given temperature. The sulfur compound displayed a
valﬁe of 3,370 kPa at 19°C versus the non-sulfur modified binder which displayed a value of

4,170 kPa at 19°C. There is a synergistic reaction between the sulfur and the PPA.
Example 3

[0858]  Addition of 50 wt. % sulfur to PG 6428 results in a binder graded as PG 64-10 due
to the high PAV DSR values. This binder shows a significant increase in stiffness at the
lower temperatures after aging. However, a base PG 64-28 asphalt modified with 0.5. wt. %
115% PPA and 50 wt. % sulfur results in a performance graded PG 6428. The addition of
sulfur into this compound provided several unique attributes that could not be obtain

- economically by other methods.

[0059]  The base PG 64-28 with 0.5 wt. % PPA produced a binder with a PG 64-28 with an |
effective temperature range of 69.2-31.4, as shown in Table 3. This binder also displayed a
Rotational Viscosity of 0.745 Pa-sec. This binder also displayed a high Rotational Visdosity
of 1.593 Pa-s.ec. When this formulation was made by blending 50 wt. % sulfur under high
shear into the blend and then subsequently modifying, enhanced performance was observed
with a 53% reduction in rotational viscosity at 135°C, while improving the effective

temperature range to 69.1-30.0 for a PG 64-28 binder, as shown in Table 5.

Table 3: PG Determination of Binder B20, (PG 64-28 w/0.5% 115% PPA)

- PROPERTY AASHTO SPECIFIC RESULTS
TEST - ATIONS o
"METHOD |
ORIGINAL BINDER . _ _
Flash Point, °C (°F) T 48 230 min. 273 (524)

-19-




WO 2012/061577

PCT/US2011/059108

Table 3: PG Determination of Binder B20, (PG 64-28 w/0.5% 115% PPA)

PROPERTY AASHTO SPECIFIC RESULTS
TEST ATIONS ‘ ‘
METHOD '
Specific Gravity 15.6°C T 228 Report 1.034
Softening Point, °C (°F) ASTM D Report 57 (135)
36 '
Penetration (100 grams, 5 sec.), 25°C T 49 Report 67
dmm
Viscosity, Pa*s 135°C T3l6 3.0 max. 0.745
165°C Report 0.179
Dynamic Shear (G*/sin 8, 10 T 315 1.0 min. G* & | G*sin
rad./sec.), kPa K]
Dynamic Shear (G*/sind, 10 T 315 2.2 min. G* & | G*/sin
rad./sec.), kPa 5
64°C 3.990 | 74.0 | 4.150
70°C 2,060 76.6 | 2.120
MSCR 0.1kPa | %Rec. | 64°C | TP 70-08 Report 27.5
Inr 1.00
32kPa | % Rec. 7.05
Jar 1.49
PRESSURE AGING RESIDUE (100°C, R 28
300 psi, 20 hr.)
Dynamic Shear (G*»sing, 10 T 315 Report G* & | G*wsin
rad./sec.), kPa ' &
16°C 5,000 max. 8,270 42.7 5,610
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Table 3: PG Determination of Binder B20, (PG 64-28 w/0.5% 115% PPA4)

PROPERTY AASHTO SPECIFIC - RESULTS
TEST ATIONS
METHOD ’
19°C 5,410 | 44.8 | 3,810
22°C 3,460 | 46.8 | 2,520
Creep | Stiffness, MPa (60 sec.) -18°C T 313 300 max. 203
Stiffnes '
g m Value 0.300 min. 0.364
Stiffness, MPa (60 sec.) -24°C 300 max. 405
m Value 0.300 min. 0,281
‘True’ Performance Grade _ 69.7-31.4
' AASHTO M 320 SUPERPAVE™ Binder Grade, PG: 64-28
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H=S Emissions, ppm D_:_e:.la);tsor Report Osgpr?;n?(i:?t:’
Specific Gravity Lasees|  T228 Report 1.135
Softening Point, °C (°F} ASTM D 36 Report 50 (122}
Penetration (100 grams, 5 sec.), dmm T 49 Report 126
Viscosity, Pars T 316 3.0 max. 0.272
‘ G* 8 G*/sind
Dynamic Shear (G*/sing, 10 rad./sec.), kPa T315 1.0 min. 1.320 | 75.9 1.360
‘ 0.663 | 79.5 | 0.675
AET] [FOT @ 135° = e
Mass Change, % (Mass Loss
G*/sind
Dynamic Shear {G*/sin, 10 rad./sec.), kPa |.. B 2.2 min. 2520 | 738 2.620
o 1.470 | 77.4 1.510
Q,
0.1 kPa /°J'?:°'
MSCR - TP 70-08 Report
3.2 kPa % Rec.
Jnr
‘PRESSUREAGING RESIDU

. Report .
Dynamic Shear (G*sind, 10 rad./sec.), kPa T315 7,610 | 420 5,100
5,000 max.
4,820 44.3 3,370
Stiffness, MPa (80 sec.) 300 max. 141
Creep m Value T313 0.300 min. 0.360
Stiffness | Stiffness, MPa (60 sec.) 300 max, 289
m Value 0.300 min. 0.319
‘True’ Performance Grade . 65.9-34.3
AASHTO M 320 SUPERPAVE™ Binder Grade, PG: 64-34

[0060] This is significant because a binder graded this way typically requires the tise ofa
- high percentage of polymer >4 wt. % and the use of a very soft base aspha]_t to maintain the
low temperature propertics. In this case there is a synergistic reaction between the PPA and
sulfur which provides the addition improvement at the low end, while reducing the high
temperature rotational viscosity. This technology can lend itself to using modified asphalts in
Warm Mix Applications, where it is currently limited by the ‘high viscosity of modified
binders. Also, using these types of binders in Warm Mi)_( applications would further reduce
the possible emissions of H;S. Also MSCR ( multiple Stress creep recovery ) test for PG
Determination for Binder B22, (PG 64-28, w/ 0.5% 115% PPA & 50 Wt. % Sulfur) shows
that the sulfur in the binder produced some three dimensional elastic structure which is

evident from the 16.3 % Recovery at 0.1 kPa.
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Table 5: PG Determination for Binder B12, (PG 64-28, w/50 Wt. % Sulfur)

PROPERTY AASHTO SPECIFIC RESULTS
TEST ATIONS '
METHOD
ORIGINAL BINDER .
H,S Emissions, ppm Detector Report After 92 ppm
' ‘ Tubes
Specific Gravity 15.6°C-, T228 Report 1.204
.Softening Point, °C (°F) ASTM D Report 56 (133)
36

Penetration (100 grams, 5 sec.), 25°C T 49 Report 46
dmm
Viscosity, Pass 135°C | T316 3.0 max. 0.228
Dynamic Shear (G*/sing, 10 T315 1.0 min. G* & | G*/sin
rad./sec.), kPa )

64°C [ 1.130 | 85.8 1 1.130

70°C 0.556 | 87.3 | 0.557
AFTER RTFOT @ 135°C
Mass Change, % (Mass Loss is reported as T 240 1.0 max. -0.813
Negative)
Dynamic Shear (G*/sind, 10 T 315 2.2 min. Gé‘ & | G*sin
rad./sec.), kPa 5

70°C 2.740 | 839 | 2.760

76°C 1.460 | 85.6 | 1.460
MSCR 0.1 kPa % Rec. 64°C | TP 70-08 Report 232

Jnr 0.36
3.2 kPa % Rec. 4.1
Inr 0.43

PRESSURE AGING RESIDUE (160°C) R 28
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Dynamic Shear (G*/sind, 10 rad./sec.), kPa

H2S Emissions, ppm - D—?&i;tso r Report After 35 ppm
Specific Gravity L158°C | T228 Report 1.203
Softening Point, °C (°F) ASTMD 36 Report 68 (154}
Penetration (100 grams, 5 sec.), dmm | T49 Report 33
Viscosity, Pars T316 © 3.0 max. 0.350 -
‘ G* 8 G*/sind
T 315 1.0 min. 1.680 | 73.1 1.760

76.0

[0061]

AE @ 135C =
|Mass Change, % (Mass Loss is reported as Negative T 240 1.0 max. -0.822
: _ : G* ) G*/sind
Dynamic Shear (G*/sing, 10 rad./sec.), kPa T315 2.2 min. 3.300 76 3.400
1.670 | 75.1 1.700
Y . 3.2
0.1 kPa % Rec 5
MSCR A TP 70-08 Report 0.93
% Rec. P 16.4
3.2kPa
: | dnr
PRESSURE AGING RESIDUE (10 _ Rosi|:
: Report G* & G*sind
Dynamic Shear (G*-sin, 10 rad./sec.}, kPa "T315 ' 11,500 | 36.4 | 6,830
5,000 max.
: 8,120 | 37.8 4,980
Stiffness, MPa (60 sec.) 300 max. 88
Creep m Value 0.300 min. 0.321
: - : T313
Stiffness | Stiffness, MPa (60 sec.) 300 max, 266
m Value 0.300 min. 0.262
‘True’' Performance Grade 69.1-30.0
AASHTO M 320 SUPERPAVE™ Binder Grade, PG: 64-28

Figure 3 shows the Log Modulus G’ versus the Log Reduced Frequeﬁcy for PG

6428 series of sulfur/PPA modified binders as described in Example 2. Figure 4 shows the
Phase Angle versus the Log Reduced Frequency for PG 6428 series of sulfur/PPA modified

binders as described in Example 2. The reference temperature for development of the master

curve was 20°C. The 50 wt. % sulfur /PPA showed the lowest phase angles at the low

ﬁequencieé. These results indicate strong network formation versus the other systems. A

lower phase angle relates to a more elastic response. These rheological responses at lower

frequencies clearly show presence of elastomeric dynamic networks in Asphalt indicating the

improvement in the Asphalt binder long term propertics. The MSCR (multiple Stress creep
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recovery) test for PG Determination for Binder (PG 64-28, -+ w/ 0.5% 115% PPA + 50 Wt. %
Sulfur) shows that the sulfur in the binder produced some three dimensional elastic structure

which is evident from the 16.4 % Recovery at 3.2 kPa.

[0062] Several advantages exist when using the compositions and methods of the present
invention compared with conventional asphalt binders and compositions. As an advantage of
the present invention, the experimental results show that sulfur modified asphalt
.compositions in accordance with embodiments of the present invention can be Performance
Graded and may be able to be utilized in.place of some of the higher performing polymer

modified systems at a much lower cost.

[0063] As ancther advantage of the present invention, significantly improved low
temperature performance of macromolecular modified asphalt binders was observed, which
allows the compositions of the present invention to be used in lower application temperatures

compared with conventional asphalt compositions.

[0064] Using the compositions and methods of the present invention provides a way to
‘make a better performing asphalt binder (low temperature, low high temperature viscosity)
using sulfur which is much less expensive than asphalt. Using the compositions and methods
of the present invention also provides a way to improve the low temperature prdperties of
asphalts which does not‘require addition of a lot of polymer and use of extender oils or more

expensive asphalts.

[06065] As indicated pfeviously, the unreacted sulfur in prior art asphalt corhpositions
tended to cause embrittlement upon aging and the carlier feported sulfur extended asphalt
binder materials were not alldwed to be Performance Graded. On the contrary, the sulfur
modified compound formulations made in accordance with embodiments of the present
invention show better properties after PAV aging (lower G*- sin 6) for a given temperature.
The sulfur modified Asphalt formulation displayed a value of 5,390 kPa at 16°C versus the
non-sulfur modified binder which displayed a value of 6,680 kPa at 16°C.

[0066] The addition of sulfur in these types of compositions under high shear where the

sulfur can basically emulsify to some degree in the asphalt.

[0067] Although the present invention has been described in detail, it should be

understood that various changes, substitutions, and alterations can be made hereupon without
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departing from 'the_principle and scope of the invention. Accordingly, the scope of the
present invention should be determined by the following claims and their appropriate legal

equivalents.

[0068] The singular forms "a", "an" and "the" include plural referents, unless the context

clearly dictates otherwise.

[0069} Optional or optionally means that the subsequently described event or
circumstances may or may not occur. The description includes instances where the event or

circumstance occurs and instances where it does not occur.

[0070] Ranges mély be expressed herein as from about one particular value, and/or to
about another particular value. When such a range is expressed, it is to be understood that
another embodiment is from the one particular value and/or to the other particular value,

along with all combinations within said range.

[0071]  Throughout this application, where patents or publications are referenced, the
disclosures of these references in their entireties are intended to be incorporated by reference
into this application, in order to more fully describe the state of the art to which the invention

pertains, except when these reference contradict the statements made herein.
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That which is claimed is:_

1. An asphalt concrete composition having high sulfur load with improved properties
relative to high temperature rotational viscosity without a reduction in dynamic shear
propetties, the asphalt concrete composition comprising a binder, the binder comprising:

a. a polyphosphoric acid, the polyphosphoric acid being present in an amount
effective to provide high temperature stiffness for the composition;

b. a macromolecular polymer having a saturated backbone with macromolecular
modifications, the macromolecular polymer being present in an amount effective to
provide sufﬁcient lubrication for the composition; and

c. sulfur, the sulfur being present in an amount effective to at least partially
emulsify in the composition.

2. The composition of claim 1, further comprising asphalt concrete, wherein the asphalt
concrete comprises aggregate and bitumen.

3. The composition of claim 1 or 2, wherein the phosphoric acid has a formula of P H Oy,
wherein g, r, and s are positive numbers and q is greater than 2; is a linear compoimd
having a formula of PgHy12034+1, wherein q is greater than 2; is a polyéondensation
product formed from heating metaphosphoric acid; or combinations thereof.

4, The composition of any of the preceding ciairﬁs, wherein the macromolecular polymer
‘comprises a polymer with a saturated hydrocarbon backbone, with or without reactive

- functionality; a polymer formed from monomers of ethylene, propylene, acrylate,
butyacrylates, butylenes, hexenes, octenes, acrylate, butyacrylates, butylenes; long chain
branch polyolefins with octenes; polyolefins graft or /or block/ or diblock/ or triblo'ck; '
polymers with maleic anhydride, fumarate and maleate esters, (meth)acrylate esters and
(methjacrylic acid; polyolefin elastomers containing reactive p-methylstyrene groups;
poly(isobutylene-co-p-methylstyrene) elastomers; or combinations thereof. |

5. The composition of any of the preceding claims, wherein the sulfur comprises elemental
sulfur; sulfur in powder form; sulfur in slurry form; sulfur in crystallized orthorhombic
form; or combinations thereocf,

6. The composition of any of the preceding claims, wherein the sulfur is present in loadings
ranging from 20 Wt; % to 50 wi. %, |

7. The composition of any of the preceding claims, wherein the polyphosphoric acid is

present in a range of 0 wt. % to 2.0 wt. %.
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-8. The composition of any of the preceding claims, wherein the macromolecular polymer
having a saturated backbone with macromolecular modifications is present in a range of 0
Wt % to 5 Wt. %, |

9. The composition of aﬁy of the preceding claims 2-8, wherein the asphalt concrete is
present in a range of 50 wt. % to 90 wt. % and wherein the aggregate and the bitumen are.
present in a ratio of 92 parts by weight of aggregate to 5 parts by weight bii:urnen; and
wherein th.e aggregate comprises coarse filler, fine filler, mineral filler, or combinations
thereof. | | o

10. The composition of any of the preceding claims 2-9, wherein the composition is PG
graded. _

11. The composition of any of the preceding claims 2-10, wherein the composition has a
Dynamic' Shear in a range of 1,500 G*-sin & to 7,000 G*'sin & at intermediate
temperatures. | |

12. The composition of any of the pfeceding claims 2-11, wherein the sulfur is present in an
amount of 20 wt. % and the composition is PG graded as 64-34.

13. The composition of any of the preceding claims 2-12, wherein the sulfur is present in an
amount of 50 wt. % and th_é composition is PG graded as 64-28.

14. The composition of any of the preceding claims 2-13, wherein the éomposition has a
rotational viscosity in a range of 150 Pa's to 0.700 Pa's at 135°C.

15. The composition of any of the preceding claims, wherein the macromolecular polymer
having a saturated backbone with macromolecular modifications comprises a polymer
with a saturated hydrocarbon backbone, with or without reactive functionality; a polymer
formed from monomers of ethylene, propylene, acrylate, butyacrylates, butylenes,
hexenes, octenes, acrylate, butyactylates, butylenes; long chain branch polyolefins with
octenes; polyolefins graft or /or block/ or diblock/ or tribloék; pdlymers' with maleic
anhydride, fumarate and maleate esters, (meth)acrylate esters [e.g.glycidyl methacrylate
and hydroxethyl methacrylate] and (meth)acrylic acid; polyoleﬁn clastomers containing
reactive p-methylstyrene groups; poly(isobutylene-co-p-mefhyistyrene) 'f_:lastomers; or
combinations thereof. |

16. A method of preparing the asphalt concrete composition of claim 2, the asphalt concrete
composition hélving high sulfur load with improved properties relative to high
temperature rotational viscosity without a reduction in dynamic shear properties, the

method comprising the steps of:
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17.

18.

19

20.

- 21

22.

23,

24.

25.

26.
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a. preparing a binder comprising a polyphosphoric acid, a macromolecular
polymer having a saturated backbone with macromolecular modifications, and sulfur,
the polyphosphoric acid being present in an amount effective to provide high
temperature stiffness for the composition, the macromolecular polymer being present
in an amount effective to increase viscosity of the composition so that it can be used
in warm mix applications, and the elemental sulfur being present in an amount
effective to at least partially emulsify in the composition; and |
b. combining the binder with asphalt concrete to produce the asphalt concrete
composition, wherein the asphalt concrete comprises aggregate and bitumen.
The method of claim 16, wherein the elemental sulfur is present in loadings ranging.frdm
20 wt. % to 50 wt. %.
The method of claim 16-17, wherein the polyphosphoric acid is present in a range of 0 wt.
% to 2.0 wt. %. '

. The method of any of the preceding claims 16-18, wherein the macromolecular polymer

having a saturated backbone with macromolecular' modifications is present in a range of 0
wt. % to 5 wt. %. _

The method of any of .the preceding claims 16-19, wherein the asphalt concrete is present
in a range of 50 wt. % to 90 wt. % and wherein the aggregate and the bitumen are present |
in a ratio of 95 parts by weight of aggregate to 5 parts by weight bitumen. '
The méthod any of the preceding claims 16-20, wherein the composition is PG graded,
The method any of the preceding claims 16-21, wherein the composition has a Dynamic
Shear in a range of 1,500 G*-sin & to 7,000 G*sin § at the intermediate temperature.

The method any of the preceding claims 16-22, wherein the sulfur is present in an amount
of 20 wt. % and the composition is PG graded as 64-34. _

The method any of the preceding claims 16—23, wherein the sulfur is present in an amount
of 50 wt. % and the comﬁosition is PG graded as 64-28.

The method any of the preceding claims 16-24, wherein the composition has a rotational
viscosity in a range of 0.150Pa-s to 0.700 Pa-s at 135°C.

The method any of the_ preceding claims 16-25, wherein the macromolecular polymer
comprises a polymer with a saturated hydrocarbon backbone, with or without reactive
functionality; a polymer formed from monomers of ethylene, propylene, acrylate,
butyacrylates, butylenes, hexenes, octenes, acrylate, butyacrylates, butylenes; long chain
branch polyolefins with octenes; polyolefins graft or /or block/ or diblock/ or triblock;

polymers with maleic anhydride, fumarate and maleate esters, (meth)acrylate esters and
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{meth)acrylic acid; polyolefin elastomers containing reactive p-methylstyrene groups;

poly(isobutylene-co-p-methylstyrene) elastomers; or combinations thereof.
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