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POLYMER MODIFIED BINDER AND PLANT MIX MODIFIER
FOR ASPHALT AND PROCESS OF MAKING

Technical Field

The present invention relates generally to a bituminous paving composition, and more
particularly to a bituminous paving composition comprising a combination of a polymer

modified binder and aggregate and a process of making the composition.

Background

Asphalt 1s typically used to pave roads, bridges, racetracks, airport runways and taxiways,
parking lots, bicycle paths, loading docks, and the like to provide surfaces for accommeodating
vehicular traffic. In the 1980’s, asphalt was used to provide surfaces for vehicular traffic as
layers of varying composition. Subsequent systems employed single layers of asphalt. In the
single-layer systems, virgin asphalt was typically mixed with aggregate at a temperature of 130
to 190 degrees C.

The asphalt used 1n paving is a solid or semisolid bituminous material that is either
naturally occurring or derived from petroleum refining processes and includes paraffinic and
aromatic hydrocarbons and heterocyclic compounds. Aggregate such as crushed stone is
typically incorporated into the asphalt. The most cdmmon type of asphalt used as a paving
composition 1n the United States 1s hot mix asphalt (HMA) of which there is several variations or
job mix formulations.

In one variation of HMA, an additive such as a polymer is added to an asphalt binder, the
combination in turn being added to the asphalt, thereby resulting in a polymer modified binder
(PMB). The PMB i1s then combined with aggregate in a facility to produce the HMA. The
polymer facilitates the formation of a cohesive structure that affords a degree of flexibility to the
asphalt to accommodate creep and stress. In this polymer modified HMA, the resulting mixture
has the ability to accommodate creep or stress relaxation at low temperatures to minimize the
potential for thermal and reflective cracking.

The PMB is generally shipped in tankers and stored in pre-heated containers at constant
temperature before being combined with aggregate. PMB sometimes will require repeated

cycles of agitation to maintain the PMB in a state of readiness for subsequent incorporation with
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aggregate and application as a paving material. The need for storage in this manner results in the
need for HMA facilities to have additional tank storage space. In addition, complexities result if
only small quantities of polymer modified HMA are required. In these instances the HMA
facility may incur additional charges for a partial load of PMB or may opt to “waste” some
premium PMB 1n a lower quality product since a minimum quantity of material is required in the

tank for production of the polymer modified HMA to occur.

Summary

In one aspect, the present invention resides in a plant mix modifier for the production of
asphalt. Such a modifier comprises a thermoplastic material, oil, and filler additives (also
referred to as “fillers”) and is 1n a form that mixes into a hot mix asphalt at working temperatures
associated with the production thereof and which conforms to Superpave specifications. In one
embodiment, the plant mix modifier is defined by a polymer formulation comprising styrene-
butadiene-styrene (SBS) polymer, polyethylene, wax, oil, and fillers. In any embodiment, the
resulting modifier may be in the form of powder, pellets, granules, chips, flakes, or the like that
may be combined with asphalt to provide a polymer modified binder (PMB).

In another aspect, the present invention resides in a polymer modified binder for a paving
composition. Such a binder comprises an asphalt plant mix modifier in powder, pellet, flake,
chip, or granule form that is mixable into a hot mix asphalt paving composition at a working
temperature thereof. The asphalt plant mix modifier comprises an elastomer, a plastomer, oil,
filler additives, and wax and i1s combinable with asphalt. The resulting paving composition
conforms to Superpave speciﬁéations.

In another aspect, the present invention resides in a hot mix asphalt composition that
conforms to Superpave specifications, the composition comprising a polymer modified binder,
aggregate, a.nd an asphalt binder. The polymer modified binder comprises a plant mix modifying
composition in powder, pellet, flake, chip, or granule form, the plant mix modifying composition
comprising an elastomer, a plastomer, oil, filler additives, and wax, as well as asphalt.

In another aspect, the present invention resides in a method of producing a free-flowing
plant mix modifier for a hot mix asphalt for paving. Such a method comprises grinding an
elastomeric polymer, pre-swelling the ground elastomeric polymer via the addition of an oil,

adding ground plastomer and wax to the pre-swelled ground elastomeric polymer, combining the
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elastomeric polymer, oil, plastomer, and wax with a powder filler modifier, and forming the
elastomeric polymer, oil, plastomer, wax, and powder filler modifier into a powder, pellet,
granule, chip, or flake form.

In another aspect, the present invention resides 1n a method of forming an asphalt paving
composition. This method comprises processing aggregate 1n an asphalt production plant to a
temperature between 175 degrees C and about 220 degrees C; adding a plant mix modifier
(PMM) comprising SBS, polyethylene, wax, oil, and fillers; dry mixing the aggregate and the
PMM; adding a binder to the dry mixed aggregate and the PMM; and then adding a PG
(performance-graded) asphalt binder to the PMM coated aggregate. The final mix production
temperature 1s targeted to be in the range 155 degreés C to about 190 degrees C although higher
or lower temperatures could be used.

Using comparative testing and various methods of analysis, the PMM having the polymer
formulation of the present invention has been determined to exhibit a lower deformation rate at
high temperatures (the high temperature performance 1s in the approximate range 50 to 100
degrees C depending upon the choice of grading method using Tables 1 or 2 of AASHTO M320
specification) and a lower embrittlement quality. (has lower temperature capability, e.g., around -
34 degrees C or lower) as compared to known formulations. Thus, the present invention offers
desirable flexibility with regard to fatigue-resistance and impermeability and can be used to
provide an asphalt paving composition that is less susceptible to rutting and shoving (the
formation of ripples) as compared to known asphalt paving compositions.

The plant mix modifier of the present invention can be applied in a one-step application
to provide a substantially impermeable layer that results in an asphalt paving composition having
a waterproofing quality and wearing course 1n a single layer.

Use of the polymer formulation of the present invention also provides a system 1n which
distressed and cracked asphaltic overlays typically seen with standard HMA or PMA designs can
be eliminated. Furthermore, the PMM can be processed on and used with standard paving

equipment.
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Brief Description of the Drawings
Figure 1 i1s a graphical representation of compaction curves for PMM plant production

runs using a Superpave gyratory compaction device at compaction temperatures between 143
degrees C and 199 degrees C.

Figure 2 is a graphical representation of test data pertaining to the characteristics of
asphalt samples using Marshall and Gyratory testing methods.

Figure 3 1s a graphical representation of the effect of compaction temperature on air voids
in asphalt samples using the Gyratory testing method.

Figure 4 is a graphical representation of the modification of an asphalt paving
composition with PMM to enable reduction in high stiffness properties and increase in low
stiffness properties of a PMB within the total range of available temperatures and loading times.

Figure 5 is a graphical representation of low temperature performance of an asphalt
paving composition incorporating PMM showing an expected cracking temperature of about -36
degrees C to about -38 degrees C.

Figure 6 1s a graphical representation of the fatigue performance of an asphalt paving
composition incorporating PMM.

Figure 7 1s a graphical representation of the deformation of material when evaluated 1n a
Hamburg wheel tracking device.

Figure 8 1s a graphical representation of the compaction of an asphalt paving
composition.

Figure 9 1s a graphic 1llustrating the performance of an asphalt paving composition in an

Asphalt Pavement Analyzer (APA).

Detailed Description
In the present invention, polymer modified binder (PMB) is formed by the combination

of a dry mix agent (hereinafter referred to as a plant mix modifier (PMM) or plant mix
modifying agent) and asf)ha]t. The asphalt may be refinery production asphalt or asphalt from
any other source. The resulting PMB 1s combined with aggregate and an additional asphalt
binder to produce a bituminous paving composition such as HMA that conforms to Superpave

specifications. The present invention 1s not so limited, as the PMB may be formed using PMM
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and used to produce other types of paving compositions. As used herein, the term “PMB” may
include or be interchangeable with “polymer modified asphalt” and “bitumen.”

In forming the PMB, polymers (both elastomers and plastomers), waxes, oils, and fillers
are combined to produce a PMM defined by a free flowing granular particulate material which
can be combined with asphalt. This PMB can be used in, substituted for, or used in conjunction
with pre-blended PMB in an HMA facility to produce polymer modified binder HMA. The
PMM can be added to the asphalt via reclaimed aggregate feed, filler silos, or directly to' the
mixing unit of an HMA facility, as examples. The blending techniques adopted result in the
avoldance of special tanks for storage of PMB at HMA facilities and provides HMA facilities
with a large degree of flexibility for HMA production.

In the development of a PMM tor HMA production, one consideration is the mixing and
compaction temperatures used with the process of the HMA production. Since some asphalt
binders combined with the PMB used in the production of the HMA tend to produce excessive
smoke and fumes as mixing and compaction temperatures are increaséd, and since additional fuel
1s also consumed for the heating and drying of aggregates, the maximum desirable temperature
for HMA production is approximately 190 degrees C.

In a first type of plant, the aggregate is heated in a rotatable drum using a flame from an
o1l or gas burner. Upon rotation of the drum, the aggregate is heated by the flame and the
resulting hot environment produced in the drum. In one variety of plants for the production of
HMA (drum mix plants), the rotating drum serves a further purpose in that part of the drum is
essentially the mixing chamber in which liquid asphalt is then combined with the aggregate to
produce the HMA, or PMB if a polymer modified binder HMA is to be produced. The drum is
designed to provide a flame profile which does not damage the asphalt binder being added.
Reclaimed asphalt pavement (RAP) may also be mixed with materials in the drum.

A second type of plant uses the drum for only heating and drying of the aggregate. After
passing the aggregate through the drum, the aggregate is stored in hot storage bins. The
aggregate 1s then combined with asphalt binder or PMB in a mixing unit referred to as a pug-
mill. This type of plant is called a batch mix plant. In a batch mix plant, RAP can be added
directly to the pug-mill via an RAP feed. In addition to the possible adding of RAP, both types

of plant will typically contain feed systems for the incorporation of mineral fillers (fine powder
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type materials). The use of either RAP feed systems or filler systems for the addition of a PMM
enables an alternate production system for polymer modified binder HMA.

In the design of the PMM as an additive for incorporation into the PMB, enhancements
with regard to the structural parameters and performance characteristics of the finished asphalt
paving composition are made. Such enhancements produce a finished asphalt paving
composition characterized by resistance to low temperature cracking, ﬂexibility, toughness, and
resistance to cracking and permanent deformation at high temperatures.

To achieve the desired design parameters of the PMM, a blend of products and a system
of combination 1s considered. In a first stage, a elastomeric polymer is finely ground and pre-
swelled by the addition of oil. The incorporation of o1l provides for improved relaxation
properties at low temperatures (as compared to known blends of products) while the
incorporation of the elastomeric polymer provides for flexibility and toughness, resistance to
cracking, and high temperature resistance for permanent deformation. A second stage then
involves the addition of finely ground plastomer, additional elastomeric polymer, and wax.
These materials increase the ability of a paving composition into which the PMM is incorporated
to withstand permanent deformation while selection of the amounts and properties of these
materials enables low temperature properties and flexibility to be maintained. These types of
materials, when selected, also assist in reducing the compaction temperature of the mixture. A
third stage of the development then combines these materials with a powder filler modifier. The
powder filler modifier, when added to the asphalt binder, provides for increased toughness of the
resulting mixture by further acting as an extender and increasing the volume of the combined
materials without substantially altering the properties of the mixture. In addition, the powder
filler modifier facilitates the formation of the resulting mixture into a powder, pellet, granule,
chip, or flake form so as to provide a free flowing material. Selection of the powder filler
modifier also imparts other benefits such as protection against moisture damage, controlled
stiffness increase for heavy duty pavements, etc.

One exemplary PMM for addition to the HMA comprises about 39 wt.% (weight percent)
styrene-butadiene-styrene (SBS) polymer, styrene-ethylene-butadiene-styrene (SEBS) polymer,
styrene-1soprene-styrene (SIS), and/or other thermoplastic material or plastomer (e.g., ethylene
vinyl acetate (EVA), polyethylene (including, but not limited to, oxidized polyethylenes such as
EPOLENE EE2, a medium density polyethylene material available from Westlake Chemical
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Corporation, Houston, Texas), pdlyoleﬁns, and the like); about 27 wt.% naphthenic or paraffinic
o1l; about 15 wt.% to 35 wt.% fillers (e.g., one or more of coal dust, carbon black, limestone,
silica, Gillsonite, and the like); and optionally a small amount of antioxidant. In one asphalt
processing method, HMA (or a similar job mix formulation) is modified to have less than 2% air
voids. Other methods involve designing job mix formulations of asphalt having 4-7% air voids
using formulated polymers at higher degrees of concentration and mixing using high-shear
blending techniques. In any asphalt processing method, the package added to the asphalt to form
the PMB i1s a PMM that includes polymers, oils, and fillers in amounts suitable to provide an
asphalt paving composition having a consistency suited for application, having compaction
qualities that are suited for forming the pavement surface, and having long-term durability.
Referring to Figure 1, compaction curves for dry mix additive plant production runs show the
compaction qualities for three different asphalt samples. Once the desired formulation of the
package 1s finalized, processing 1s scaled up and carried out in a plant to produce the polymer
modified binder HMA.

Example 1

An asphalt paving composition comprising polymer modified binder HMA was produced
serving as both a water-proofing asphalt mix and a wearing course asphalt mix. A polymer
formulation was used to provide a PMM that can be added directly to an asphalt production plant
and combined with selected binders and aggregate to form an asphalt composition for paving
having a desired degree of impermeability. The polymer formulation enabled the final asphalt
composition to be rated at a higher value per AASHTO M320 Table 3 (extreme classification
when evaluated at 70 degrees C), Flexible Beam Fatigue in excess of 1,000,000 cycles at 750
micro-strains, 10 Hz, (mixture with 1.5% air voids), and impermeable as characterized by tests in
ASTM D5084 which show that typical samples have a hydraulic conductivity of less than 107’
cm/sec.

The PMM employing the polymer formulation can be utilized in batch, counter-tlow, or
parallel flow asphalt production plants. Because the polymer formulation provides a dry mix
additive, the PMM can be supplied from bags or the like instead of as a liquid that is maintained
within a specific temperature range. In this example, the PMM was added in polyethylene bags
directly to the asphalt production plant. The bag and the total contents thereof were added with

the bag melting due to the heat and also being incorporated into the asphalt composition.
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The fonnulation of the PMM was:

Material type

Examples Typical ranges | Demonstrative Percent
(wt. %) Example considered
(wt.%)
| Elastomers SBS, SEBS, SIS | 10-40% Dynasol —
Solprene 411
SBS - Porous
Crumb - 30%
| styrene
l_ﬁastomers EVA, 5-309% MDPE
polyethylene, (EPOLENE EE?2)
polyolefin
materials
Waxes Bisstearamid, 5-20% Fatty Acid 6.9%
Licomont, Amides, N,N’- |
Sasobit Ethylene |
Bisstearamide
L Oil Naphthenic, 10-35% Corsol 2400 — 27.2
Fillers Coal dust, 15-35% Coal dust 26.3
carbon black,
limestone filler,
nano-silica,
Gillsonite,
antioxidant
Total ) _ 100%

In a method of using the PMM 1in the processing of the asphalt composition for paving,

the aggregate was run through the asphalt production plant until a constant mix temperature

between about 175 and about 220 degrees C was maintained and verified through dry mix drops



10

15

20

CA 02792497 2012-09-07
WO 2011/112569 PCT/US2011/027526

and temperature checks. Other means of verifying the constant mix temperature could have been
used. Once the constant temperature was attained, processing continued by mixing the hot
aggregate, adding the PMM (and dry mixing for 10 seconds), and then adding a PG asphalt
binder (and mixing for a further 70 seconds). The PG asphalt binder was chosen based upon the
particular climate of the location in which the polymer modified binder HMA will be used for
paving. After adding the PMM, the final mix temperature of the polymer modified binder HMA
was approximately 150 to about 190 degrees C leaving the asphalt production plant.

Various parameters of processed aggregate and mix design combination used in
laboratory trials are given as the components thereof and are shown in Table 1.

Table 1 — Parameters of processed asphalt and components thereof.

%Total [Weight (#)]

% Asphak]  5.5( Actual Values Bulk Comected | Aggregate|
%Vo:ds 099 1 089 | 111 | Speciic %Agg for AC& | perTon
Y L X A VEfer | Grayios kK Rosphat ] Mox
V Al__94.7 | ' :

37.0
15.0

T % Vb| 1766 | 17.68 1764 1766

%Vs 8143 | 81.26 | 81.36
2225 2289 | 2907 | 2180

800| 8t
3-4 1325] 6382 650
13.8375] 276.750

H 110.000
22500 45000

" Totas | 100.00] 2000.0¢

—Gsb_[ 2863
Tercent (%) Passing —Gse | 2947

Sand

Additve [Rosohalt 0

12'5 mm
9.5mm
4.75mm

2.36 mm
1.18 mm

600 micro
300 micro

150 micro
75 micro

0 in Designed Blenc I L

In Table 2, the effect of the PMM on the resistance to permanent deformation as
demonstrated by the multiple-stress creep and recovery test is shown. The performance in this
test demonstrates that the PMM modified PG asphalt binder will have a high level of
performance in a polymer modified binder HMA.

Table 2 — Evaluation of material properties in multiple stress creep and recovery (MSCR)

test which demonstrates the difference obtained when modification has taken place with the

PMM of the present invention (referenced as ROSPHALT LT - in this Table)
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Periormance measure Stress level | PG64-22 - oi:’:;,: T
Jnr (non-recoverable creep 100 Pa 5.39 0.0002
| compliance), 1/kPa 3200 Pa 6.09 0.027
Elastic recovery, % 100 Pa 100
3200 Pa 0 75
Total permanent strain, % __100 Pa 543 0.103
, 3200 Pa 20,144 95.7
Percent of strain compared to 100 Pa 100 0.0
_unmodified PG64-22, % 3200 Pa 100 0.5

Using the PMM, a mixture was designed with an air void content about or less than 2%.
This was achieved by the addition of the PMM 1n a suitable percentage from 2.25% down to
1.125% depending upon the desired application of the' asphalt and climate. One such application
and use may be for a one-step paving lift (layer) for placement on bridges, approaches, overhead
structures, or roads. In such a one-step paving lift, the lift is preferably designed in a Gyratory
compactor using 50 cycles for Nges. Furthermore, 1n such a one-ste;; l1ift, about 100% of the
aggregate material 1s able to pass a 4.5 mm, 9.5 mm, or 12.5 mm sieve design.

As 1s shown in Figure 2, data pertaining to the amount of voids per unit volume of
aggregate material and the amount of PG asphalt binder used 1s shown using both Marshall and
Gyratory methods. The Marshall method 1s 6ne method of determining the stability and flow of
asphalt in a pavement structure. The Gyratory method is one method used to assess volumetric

properties and predict pavement performance by independently measuring an internal angle of

- gyration of a pavement structure under simulated loading conditions.

As is shown in Figure 3, the effect of compaction temperature on air voids after 50
gyrations using the Gyratory method 1s shown.

Utilizing the PMM offers flexibility with regard to fatigue resistance and impermeability
of asphalt compositions for paving. Impermeability is achieved by facilitating the closing of
voids in the aggregate material using the PG asphalt binder. The PMM also allows for the use
thereof with standard manufacturing, processing, and paving equipment.

Figure 4 shows the properties of the PMM combined with the PG64-22 binder when
evaluated with a rheometer. In this Figure, the high and low stiffness properties have been
modified to produce a lower stiffness at the high stiffness end of the range and a higher stiffness
at the low stiffness end of the range.

The performance of this mixture was further proven by conducting low temperature

fracture fatigue and deformation tests on the mixture.

10
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Figure 5 illustrates the low temperature performance of a PG64-22 modified with the
PMM. The performance of the mixture as evaluated with the indirect tension test shows a
performance level approaching a -40 grade. As is shown in Figure 35, in this case a -34 grade
wéuld be attainted by the mixture.

Figure 6 illustrates the fatigue performance of this mix design (the data points of the
upper line) and demonstrates that the PMM significantly increases the fatigue performance of the
mixture compared to conventional HMA. The fatigue performance of the HMA incorporating
the PMM shows that the HMA would have an expected 1,000,000 load cycles at 750 micro-
strain. Data in the graph compares a typical HMA -with HMA incorporating PMB that is
formulated using the PMM of the present invention. The data points shown are from various
trials, a composition comprising the polymer modified binder as described in Example 1, and
other data from paving materials made with an older formulation produced at high temperatures.

Figure 7 demonstrates the deformation potential of the mixture when evaluated in a
Hamburg wheel tracking device. The data further suggests that the mix will have acceptable
performance with respect to wheel tracking when used in road pavements.

Example 2

A series of trials was conducted with the same formulation as used in Example 1 but
scaled up for ftull scale production. The objective of the trial was to further verify that materials
can be compacted as demonstrated in the lab trials and that performance is achieved.

“The field compaction ability of the material is demonstrated in Figure 8 which
demonstrates that the mixture can be compacted rapidly using normal compaction equipment.
The data shown in Figure 8 illustrates that a rapid gain in density is achieved. -~

Further data 1s shown in Figure 6 (Trials #1 and #2) that demonstrates that the material
has the same fatigue resistance although it has been produced in a HMA mixing plant rather than
in the laboratory.

Figure 9 shows the performance when assessed for deformation potential when testing in
a wheel tracking apparatus at 64 degrees C.

The data from the paving trials proves that the mix design in,fomiation can be
implemented with mixtures produced in HMA production facilities while maintaining excellent

performance.
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Although this invention has been shown and described with respect to the detailed
embodiments thereof, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from the
scope of the invention. In addition, modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it 1s intended that the invention not be limited to the particular embodiments disclosed

In the above detailed description, but that the invention will include all embodiments falling

within the scope of this disclosure.
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Claims

1. A plant mix modifier for asphalt production, the modifier comprising:

a thermoplastic material;

oil; and

filler additives;

wherein the plant mix modifier 1s in a powder, pellet, chip, flake, or granule form that
mixes 1nto a hot mix asphalt at working temperatures associated with the production thereof; and

wherein the resulting hot mix asphalt conforms to Superpave specifications.

2. The plant mix modifier of claim 1, further comprising a wax.

3. The plant mix modifier of claim 1, wherein the thermoplastic material comprises

elastomers, plastomers, and combinations thereof.

4. The plant mix modifier of claim 3, wherein the elastomer comprises one or more of SBS

polymer, SIS polymer, and SEBS polymer.

J. The plant mix modifier of claim 4, wherein the elastomer 1s present in an amount of

about 10 wt.% to about 40 wt.%.

0. The plant mix modifier of claim 3, wherein the plastomer comprises one or more of

EVA, polyethylene, and polyolefin.

7. The plant mix modifier of claim 6, wherein the plastomer 1s present in an amount of

about 5 wt.% to about 30 wt.%.

3. The plant mix modifier of claim 1, wherein the o1l 1s selected from the group consisting

of naphthenic oil, paratfinic oil, and combinations of the foregoing materials.
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9. The plant mix modifier of claim 1, wherein the filler additives are selected from the
ogroup consisting of coal dust, carbon black, limestone, silica, Gillsonite, and combinations of the

foregoing materials.

10. The plant mix modifier of claim 1, wherein the hot mix asphalt 1s capable of sustaining

high traffic loading and 1s impermeable as defined by a hydraulic conductivity of up to about

1x10”" em/sec.

11. The plant mix modifier of claim 1, wherein the resulting hot mix asphalt can be used for

bridge decks, mastic asphalt, Guasphalt, and Marshall Asphalt.

12. The plant mix modifier of claim 1, wherein the resulting hot mix asphalt can be used 1n at
least one of a remote location and a location where liquid polymer modified asphalt cannot be

supplied.

13. A polymer modified binder for a paving composition, comprising:
an asphalt plant mix modifier in powder, pellet, flake, chip, or granule form that is
mixable into a hot mix asphalt paving composition at a working temperature of the paving
composition, the asphalt plant mix modifier comprising,
S an elastomer;
a plastomer;
oil;
filler additives; and
wax; and
10 asphalt;

wherein the resulting paving composition conforms to Superpave specifications.
14, The polymer modified binder of claim 13, wherein the resulting paving composition is

capable of sustaining high traffic loading and i1s impermeable as defined by a hydraulic

conductivity of up to about 1x10”" cm/sec.
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13. The polymer modified binder of claim 13, wherein the elastomer 1s selected from the
ogroup consisting of SBS polymer, SIS polymer, SEBS polymer, and combinations of the

foregoing materials.

16. The polymer modified binder of claim 13, wherein the plastomer 1s selected from the

ogroup consisting of EVA, polyethylene, polyolefin, and combinations of the foregoing materials.

17. The polymer modified binder of claim 13, wherein the oil 1s selected from the group

consisting of naphthenic oil, paraffinic oil, and combinations of the foregoing materials.

18. The polymer modified binder of claim 13,wherein the wax 1s selected from the group
consisting of fatty acid amides, N,N -ethylene bisstearamide, and combinations of the foregoing

materials.

19. A hot mix asphalt composition that conforms to Superpave specifications, the
composition comprising:
a polymer modified binder, comprising,
a plant mix modifier in powder, pellet, flake, chip, or granule form, the plant mix
modifier comprising an elastomer, a plastomer, oil, filler additives, and wax, and
asphalt;
aggregate; and

an asphalt binder.
20. The hot mix asphalt composition of claim 19, wherein the elastomer 1s selected from the
group consisting of SBS polymer, SIS polymer, SEBS polymer, and combinations of the

foregoing materials.

21. The hot mix asphalt composition of claim 19, wherein the plastomer 1s selected from the

oroup consisting of EVA, polyethylene, polyolefin, and combinations of the foregoing materials.
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22. The hot mix asphalt composition of claim 19, wherein the elastomer 1s present in an

amount of about 10 wt.% to about 40 wt.%.

23. The hot mix asphalt composition of claim 19, wherein the plastomer 1s present in an

amount of about 5 wt.% to about 30 wt.%.

24, The hot mix asphalt composition of claim 19, wherein the wax 1s present in an amount of

about 5 wt.% to about 20 wt.%.

25. The hot mix asphalt composition of claim 19, wherein the oil 1s present in an amount of

about 10 wt.% to about 35 wt.%.

26. A method of producing a free-flowing plant mix modifier for a hot mix asphalt for
paving, the method comprising:

orinding an elastomeric polymer;

pre-swelling the ground elastomeric polymer via the addition of an oil;

adding ground plastomer and wax to the pre-swelled ground elastomeric polymer; and

combining the elastomeric polymer, oil, plastomer, and wax with a powder filler
modifier; and

forming the elastomeric polymer, oil, plastomer, wax, and powder filler modifier into a

powder, pellet, granule, chip, or flake form.

27. A method of forming an asphalt paving composition, comprising:

processing aggregate 1n an asphalt production plant to a temperature between 175 degrees
C and about 220 degrees C;

adding a plant mix modifier comprising SBS, polyethylene, wax, oil, and fillers;

dry mixing the aggregate and the plant mix modifier; and

adding at least one binder to the aggregate and the plant mix modifier;

wherein a final temperature of the composition is about 155 degrees C to about 190

degrees C.
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