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ABSTRACT

‘The present invention relates to bituminous compositions suitable for use in
paving applications containing Water-in~oi] bitumen diSpersion of paving grade bitumen such
as penet‘ration-gfadéd, viscoéity- graded and/or penetration-graded varieties that 1s
sobstanti'ally free of volatile solvents and made by controlling temperature-dependent.
interfaoial rheology through the use of selected surfactants. The invention paving
compositions are suitable for use in the construction of load-bearing, high-traffic pavements
at a temperamre range lower than that required for conventiona] hot-mix bituminous paving

compositions, yet with similar or superior compaction to densities property and at least_equal

- cure rate.
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WATER-IN-OIL BITUMEN DISPERSIONS AND METHODS
FOR PRODUCING PAVING COMPOSITIONS FROM THE SAME

The present application is a division of co-pending and commonly assigned
Canadian Patent Application No. 2,609,860 filed on March 26, 2007 entitled
WATER-IN-OIL BITUMEN DISPERSIONS AND METHODS FOR PRODUCING PAVING

COMPOSITIONS FROM THE SAME.

BACKGROUND OF THE INVENTION

[0001] Hot mix bituminous paving composition consists principally of
aggregate and bitumen binder generally made by mixing pretreated aggregate and
bitumen binder in either batch or continuous mixing equipment. Prior to mixing, the

aggregate is heated to temperatures exceeding 150° C to quantitatively remove

‘both surface and pore-bound moisture. Bitumen is heated to temperatures typically

exceeding 143° C to lower the viscosity of the product and make it suitable for
pumping through conventional liquid transfer equipment. The resulting paving
composition typically has a temperature exceeding 143° C upon exiting the mixing
equipment. This high-temperature paving composition i's typically referred to by
those skilled in the art as hot-mix asphait ("HMA"). '

[0002] Elevated temperatures are needed in the production of HMA paving
composition to ensure complete aggregate drying and adequate HMA fluidity to be
easily processed through the hot-mix asphalt paving plant transfer equipment such
as the buggy, beit, or slat conveyers used in silo storage systems. Additionally, the
HMA paving composition is produced at temperatures exceeding 143° C to ensure
that it can be discharged uniformly from haul trucks; proce'ssed easily through
asphalt paver equipment; and compacted to desired densities under compressive

force of conventional, static, vibratory, or oscillatory steel and pneumatic

compacting equipment.
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.[0003] Bitumen binders commonly used 1n fast-, medium-, and slow-setting

bituminous paving applications are oil-in-water emulsions exhibiting viscosities and flow

characteristics suitable for pumping, mixing, and spraying. F or oil-in-water emulsions, the

' bitumen or oil phase is dispersed as stabilized droplets in a continuous phase of water.

[0004] For paving compositions used in the construction of load-bearing pavements,
1t 1s not practical to use an eil;in-water bitumen emulsion containing more than 75% by
weight of bitumen based on total emulsion welght. The'bitumen emulsion containing such
high bitumen content has unacceptable handling and transfer propetties. Additionally, raising

temperatures to facilitate the handling is not an option because the water phase of such oil-in-

‘water emulsion would evaporate resulting in further increases in viscosity.

[0005] In contrast to oil-in-water bitumen emulsion, water-in-oil bitumen dlspersmn
is characterized as dlspersed water dr0plets in a continuous o1l phase of bitumen. The
interface between the po]ar water and ‘non-polar b1tumen phases in the water-in-oil bitumen  ‘*
dispersion can be .stablhzed by the use of surface active agents. Typically, the dispersed
water phase COntprises less than 20% by Weight based on the weight of water-in-oil bitumen

dispersion.

[0006] U.S. Patent No. 5,256,195 discloses a bitumen binder for bituminous pavmg
composmon con51st1ng of a conventional bitumen emulsion of anionic or cationic type and a |
breaking additive comprising water-in-oil bitumen dispersion. The breaking additive is
mixed into the eonvehtional emulsion shortly before the use of the bitumen to control the
breaking of bitumen emulsion in such a way that it is delayed but rapid once it has started.
After a short delay time .w-hic'h is defined by the amount and composition of the additive, the
bitulhen-emUISion breaks and develops rapidly a geod ability to bind to stone material. The
amount of breaking additive is generally about 1-15%, preferably 2-4%, by weight based on
the weight Of the finished bitumen-emulsion Water-in-oil dispersion used in the breaking
additive compnses chiefly low-v1scosﬁy oils such as mineral oils and the like and/or low-

V130051ty bltumen such as bitumen flux. ‘As a result, use of such water-m oil dispersion

_ breaking additive in pavmg eomposmon reduces the early compressive strength of compacted

- pavement. Dosages of cutter stocks, as little as 0. 1% by weight of the emulsion, often

)
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decrease the compacted pavement compressive strength until such time as the cutter stock has
evaporated 1nto the atmosphere. Decreased compressive strength may result in deformation
under traffic; therefore, the emulsions containing such water-in-oil dispersion breaking

additive are not suitable for use in the paving compositions for the construction of load-

~ bearing pavements.

[0007] The bituminous paving compositions contaming water-n-o1l dispersion of
paving grade bitumen (either performance-graded bitumens specified by the Strategic
Highway Research Program, viscosity-graded bitumens, or penetration graded bitumenS).

exhibit viscosity that prevents flow at temperatures below the boiling point of water. Poor

* handling and transfer properties of such high viscosity dispersion prevent its use in the

production of bituminous compositions for construction of load-bearing pavements utilizing

~ conventional hot-mix asphalt production and construction equipment. Plant engineering
‘controls and liquid transfer equipment are not compatible with use of such high-viscosity

- compositions. Water-in-oil bitumen dispersions made with conventional paving grade

bitumen must be produced in a pressure vessel to prohibit an evaporation of water.
Typically, paving grade bitumen must be heated to about 135° C to ensure its sufficient

fluidity for a proper processing in conventional colloid mill equipment. Combination of 80

parfs bitumen at 135° C with 20 parts water results in a water-in-oil bitumen dispersion

having a temperature exceeding 135° C. Without backpressure, boiling of the water occurs.

[0008] To address the processing difficulty due to high viscosity, paving grade‘
bitumen 1s typically pre-diluted with bitﬁmen—corn'patible so]venfs such as diesel, naphtha,
gasoline, kerosene, biodiesel, waste bils, and other suitable bitumen-compatible diluents.
Pre-dilution of the bitumen reduces the required temperatufe of the bitlimen p.hase duriﬁg the
production of water-in-oil dispersion, as well as prevents a potential boil out of the ﬁnishéd

product. However, use of bitumen-compatible solvents or other diluents has undesirable

| conséquences. Fugitive vapors in the solvent/diluent pose health hazards for worker and

concerns for air pollutants due to the volatile emission.” The solvent/diluent may leach into
soils and groundwater supplies, deteriorating water and soil quality. Moreover, the ‘
solvent/diluent residue may remain in the bitumen of the finished pavement structure, causing

a signiﬁcant reduction in stiffness of the pavement. Reduction in stifiness, i turn, leads to

3
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deformation in the pavement structure under a Ioad'of traffic. Thus, application of such

paving composition containing residue solvent/diluent is primarily limited to highways for

rural and/or low traftic volume routes.

[0009] Hot mix bituminous paving compositions made of paving grade bitumen and
designed for high-traffic load-bearing pavements, are normally produced by mixing the
liquefied non-emulsified bitumen with preheated aggregate at elevated temperatures usually

in excess of 150° C. Prior to mixing, the non-emulsified bitumen 1s liqueﬁed by heating to

temperatures far in excess of its melting point, and the aggregate is preheated in a rotating

kiln at extremely high temperatures to drive off all water adsorbed within thereof. The
finished hot mix paving composition containing aggregate and bitumen binder must be
substantially free of water to ensure that the 'p-av-ing compositibn shows _no moisture
sensitivity once it is 'transpor[ed, laid down and compacted. Furthermore, the hot mix paving

compositions must be produced, laid down, and compacted at the _temperature in excess of

150° C, since its compactability depends on the temperature. The handling, placement and

compacﬁon' of composition become extremely difficult and the design densities (air voids)
cannot be achieved, 1f a temperature of the hot mix paving composition 1s below 100°C.

Failure to reach the design densities results in deformation or rutting of the pavement layer 1n

the wheel paths of vehicular traffic. Additionally, failure to reach design density may yield

an overly porous pavement susceptible to moisture intrusion and moisture-related distress.

[0010] Therefore, 1n the construction of 1oad—beafing pavements there 1s a need for a
bituminous paving composition made of paving gtade bitumen (either performance-graded
bitumens specified by the Strategic Highway Research Program, viscosity-graded bitumens,

or penetration graded bitumens) that can be produced using conventional production

equipment, as well as easily processed and transferred.

[0011] Furthermore, in the construction of load-bearing pavemehts there is a need for
a bituminous paving composition made of paving grade bitumen that is substantially free of
volatile solvent/diluent to minimize, if not completely eliminate, an emission of volatile

compounds and/or the amount volatile COmpound residues left in the ﬁnished pavement.
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[0012] Additionally, 1n the construction of load-bearing pavements there is a need for
bituminous paving composition that can be produced, transferred and applied at a lower
temperature range than the typically high te'mperature required for hot-mix paving

composition.

[0013] It 1s an object of the present invention to provide nevel water-in-oil bitumen

-dispersions suitable for use in load-bearing pavements.

10014] It is another object of the invention to pmvidebitunﬁnous paving

compositions for load-bearing pavements containing water-in-oil bitumen dispersions of

-'paving grade bitumen such as penetration-graded, viscosity-graded and/or penetration-graded

varieties that have controllable and temperature-dependent interfacial rheology.

[0015] It is yet another object of the present invention to provide bituminous paving
compositions for load-bearing pavéments containing water-in-oil bitumen dispersions of
paving grade bitumen such as penetration-graded, viscosity-graded and/or penetration-graded

varieties that 1s substantially free of volatile solvents.

[0016] It 1s a further object of the mvention to provide bituminous paving
compositions for load-bearing pavements containing water-in-oil bitumen dispersions of
paving grade bitumen, 1.e. penetration-graded, viscosity-graded and/or penetration-graded
varieties that can be produced using conventional production equipment such as in-line
mixing methods mvolving static and/or dynamic mechanical unit operations mn fixed and/or
mobile asphalt mix plants of the batch, continuous, and/or dual varieties. The term “mobile”

includes, but is not limited to, equipments used in-situ and in-place operations.

[0017] It 1s st1ll a further object of the present invention is to provide bituminous

paving compositions that exhibit substantially complete aggregate coating and compactability

to required densities in the field, as well as rapidly develops load-bearing strength.
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[0018] Other objects, features and advantages of the present invention will be set

forth in part in the description which follows, and 1n part will be obvious from the descnptlon

or may be learned by practice of the invention.

' SUMMARY OF THE INVENTION

[0019] The present invention relates to bituminous compositions suitable for use in
paving applications containing water-in-oil bitumen dispersion of paving grade bitumen such
as penetration-graded, viscosity-graded and/or penetration-graded varieties that is

substantially free of volatile solvents, made by controlling temperature-dependent interfacial |

theology through the use of selected surfactants. The water-in-oil bitumen dispersions of the -

invention paving compositions contain surfactants having structural attributes that impart low

‘interfacial viscosity, low Marangoni effect, and high inte’rfacial bitumen solubility ata
- temperature range of about 60° C to about 120° C, to 1mpr0ve 1nterfa01al stablhty and

' rheology of the dispersions. The invention paving compositions have improved control of

| mterfamal stability and rheology at a higher temperature than that of ambient cold mix
‘technologies, but a loWer'tempera.ture than that of hot mix .technologies; thereby providing

- improved densification and accelerated strength development in the compacted state when

used for load-bearing road pavement.

[0020] The invention water-in-oil bitumen dispersions made .of paving grade bitumen,

i.e. performance-graded bltumen viscosity-graded bitumen and penetratlon-graded bitumen

'oommonly used 1n production of load-bearing and/or high-traffic pavements, i1s substantially

“solvent free (1e., less than 4% solvent) and exhibit controllable, temperature-dependent

interfacial rheology and fully coat aggregate at a temperatures range of about 60° C to about
120° C. Consequently, the invention bituminous paving compositions are suitable for the

construction of load-bearing pavements with improved compaction to densities similar or

superior to those achieved in the conventional hot mix bituminous paving composmons

Cure rate of the 1nvent10n bituminous compositions is higher than those of cold mix bitumen

emulsmn—based paving compositions, and at least equal to those of hot mix bituminous
paving compositions. Additionally, the invention bituminous compositions used in pavement

construction at a temperatures range of about 60° C to about 120° C. develop adhesive

6
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strength and load-bearing strength prdperties at rates comparable to those of hot mix

bituminous paving compositions, and at rates faster than those of cold mix bituminous paving

compositions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 1s a schematic illustration of éthoxytrimethyleneamine derivatives of C-

12 to C-24 fatty amine surfactant of structure (I);

[0022] FIG. 2 is a schematic illustration of propoxytrimethyleneamine derivatives of
C-12 to C-24 fatty amine surfactant.of struottire (ID);
. [0023] FIG. 3 is a schematic illustfation of aliphatic C-12 to C-24 dialkyllamine
surfactant of structure (11I); ‘ | .
- [0024] FIG. 4 is a schematic illustration of aliphatic C-12 to C-24 quaternary amine
surfactant of structure (IV)‘,~ | ' '
' [0025] FIG. Sis a schematic 1llustration of aliphatic C-12 to C-24 quaternary amine
surfactant of structure (V), ' o
- [0026] FIG. 6 1s a 0.45-power curve graph showing the éradation of the matenals
used in Examples 4-6; an'd
[0027] FIG. 7 is a schematic drawing of the static, in-line mixing unit used to conduct

the experiments of the present invention.

. DETAILED DESCRIPTION OF THE INVENTION

[0028] The present inventions now will be described more fully hereinafter, but not
all embodiments of the invention are shown. ' Indeed, these inventions may be embodied in.
many different forms and should not be construed as limited to the embodiments set forth
herein; rather, these, embodiiments are provided so that this disclosure will satisfy appl_icable

legal requirements.

' [0029] The terms “bitumen” or “bituminous” in the present invention refer to

nafurally-occurring bitumen and modified bitumen. They are also known as “asphalt.”
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[0030] The bituminous compositions of the present invention suitable as paving
compesitions for load-bearing pavement and/or high'. traffic paVements comprise water-in-oil
bitumen dispersion and aggregate. It is to be understood that the “aggregste”- in the present
invention also includes reclaimed asphalt pavement (RAP). The water-in-oil bitumen

5  dispersion is solvent-free and contains bitumen, water, and a surfactant or combination of
surfactants having structural attributes that impart low interfacial Viscosity, low Marangoni
effect, and high interfacial bitumen solubility at a tempereture range of about 60° C to about

120° C to improve interfacial stability and rheology of the dispersions.

10 [0031] Any known bitumen met speoiﬁcations of performance grade, viscosity grade,
or penetration graded may be used in the present invention. Suitable aggregates for use in the
present invention have properties met specifications established by the appropnate

transportation authorities as suitable for use in construction of load-bearing pavements.

15 [0032] In one embodiment of the present invention, the 'bitu'minou‘s paving
‘composition comprises: ' ‘

(i) water-in-oil bitumen dispersion in an amount of from about 2% to about 10% by
total Weight of the bituminous composition, wherein the water-in-oil dispersion
comprises:

20 ' (a) bitumen in an amount of from about 75% to about 95% by total weight of
the dispersion, |
(b) surfactant package having an interfacial tension between the bitumen and
water of less than 40 dynes/cm at a temperature 01 26° C and at an aqueou's
concentration of less than 0.1% weight, in an amount from about 0.05% to -
25 | ~ about 2% by total weight of the dispersion,
| ~(c) water In an amount to complete the dispersion; and
(11) aggregate and/or reclaimed asphalt pavement in an amount of from about 90% to

about 98% by total weight of the bituminous composition.

30 ' [0033] In one embodiment of the present invention, the bituminous paving

- composition comprises:
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(1) water-in-o1l bitumen dispersion in an amount-of from about 2% to about 10% by
total weight of the bi't'uminous composition, wherein the water-in-oil dispersion
COMPIISES:
(a) bitumen in an amount of from about 85% to about 95% by total Weight of
5 the diSper'si.on,
(b) surfactant package having an interfacial tension between the bitumen and
' water of less than 40 dynes/cm at a témperamre of 26° C and at an \aqueo'us '
concentration of less than 0.1% weight, in an amount from about 0.05% to
about 2% by total weight of the dlspersmn
10 , (c) water 1n an amount to complete the d1sper810n and

(11) aggregate and/or reclaimed asphalt pavement from about 90% to about 98% by

total weight of the bitumimous composition.

10034] In one embodiment of the present invention, the bituminous paving
15 composition comprises:

(i) water-in-oil bitumen dispersion in an amount of from about 2% to about 10% by
total welght of the bituminous composition, wherem the Water-m-oﬂ dispersion
comprises:

(2) bitumen in an amount of from about 75% to about 95% by total weight of

20 the dispersion,

(b) surfactant package having an interfacial tension between the bitumen and
water of less than 40 dynes/cm at a temperature of 26° C and at an aqueous
concentration of less than 0.1% weight, 1n an amount from about 0.08% to
about 0.5% by total weight of the di‘spersion, |

25 (c) water 1n an arhount to complete the dispersion; and

(111)aggregate and/or reclaimed asphalt pavement from about 90% to about 98% by

total weight of the bituminous composition.

[0035] In one embodiment of the present invention, the bituminous paving

30  composition comprises:
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(1) water-in-o1l bitumen dispersion in an-amount of from about 2% to about 10% by
 total Weight of the bituminous composition, wherein the water-in-oil dispersion
comprises: |
(a) bitumen in an amount of from about 75% to about 95% by total weight of

the dispersion,

(b) surfactant package having an interfacial tension between the bitumen and

water of less than 40 dynes/cm at a temperature of 26° C and at an aqueous

concentration of less than 0.1% weight, 1n an amount from about 0 1% to

about 0.75% by total weight of the dispersion, and
(c) water in an amount to complete the dispersion; and
(1) aggregate and/or reclaime_d asphalt pavement from about 90% to about 98% by

total weight of the bituminous

[0036] Bitumen
[0037] Suitable bitumens for use in the present invention may be bitumen, modified

bitumen, and combinations thereof. As used herein, the “bitumen” and “modified bitumen”

-are those which exhibit rheological properties that are appropriate for paving applications

under-'sp'eciﬁc climatic conditions, such as those which conform to the Strategic Highway
Research Program (SHRP) pavement binder specifications. Furthermore, the bitumens may

conform to specifications of viscosity-graded and/or penetration-graded bitumens. -

[0038] Suitable bitumens for use in the present invention include, but are not limit_ed
to, naturally occurring bitumens such as lake asphalt, gilsonite and gilsonite derivatives;
bitumens derived from crude oil; petrolettm pitches obtained from a cracking process; coal
tar; and combinations thereof Additionally, bitumens suitable for use in the present ‘
invention may contain recycled crumb rubber from recycled tires. It is to be understood that

bitumen or bituminous may also be known as asphalt.

- {0039] Suitable modified bitumens for the present invention may comprise any
additives known in the production of modified bitumen having properties met the
performance-grade standards. These additives may include, but are not limited to, natural

rubbers, synthetic rubbers, plastomers, thermoplastic resins, thermosetting resins, clastomers,

10
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and combinations thereof. Examples of these additives include, but are not limited to,
styrene-butadiene-_styrene (SBS), styrene-butadiene-rubber (SBR), polyisoprene,
polybutylene, butadiene-styrene rubber, vinyl polymer, ethylene vinyl acetate, ethylene vinyl

~acetate derivative and the like.

[0040] In one embodiment of the present invention, the modified bitumen COMmPpIISES
at least one additive selected .from the group consisting.of styrene-butadiene-styrene; styrelie- '
butadiene-rubber; Sulﬁir-containing crosslinker; acid modifier such as tall o1l acid, tall o1l ‘
pitch and phosphoric acid derivative; and combinations thereof. It is well within the ability

of a skilled artisan to produce modified bitumen containing the noted additives.

[0041] Where desired, the modified bitumen may comprise additional additives
traditionally employed in the production of bitumen emulsions to adjust the characteristics of

the finished bituminous paving compositions. Such additional additives include, but are not

limited to, styrene-butadiene-rubber latex; polyiSOprene' latex; salt; acid modifier such as

- polyphosphoric acid, crude tall oil, distilled tall oil acids, teill' o1l pitch and derivative thereof;

wax modifier such as Montan wax, beeswax and Fisher-Tropsch waxes; and combinations

thereof.

[0042] Surfactant

[0043] Surfactants used in the present invention may anionic types, amphotei‘ic types,

cationic types, nonionic types, and combinations thereof.

- [0044] Suitable ahiOnic surfactants include, but-are hot limited to, the following: '
saturated C-12 to C-24 fatty acid;-unsaturated C-.12 to C-24 fatty ai:id; unsaturatedC-lZ to C-
24 fatty acid modified with acrylic acid, maleic anhydride, ﬁim’aric acid, ‘diene, or
dieneophile; rosin acid; rosin acid modified with acrylic acid, maleic anhydride,“fumari_c acid,
diene or dieneophi]e;_namral resinous polymer; Vinsol resin; quebracho resin; tannin; lignous
pO'lymer such as fall- oil lignin and the like; polyacrylic acid; polyacrylate deri\fative; aikyl o
sulfonate; alkyl benZyl sulfonate; alkyl sulfate; alkyl phosphonate; alky'l phosphate; phenolic

resin; and combinations thereof,

11
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[0045] As used herein, the term “anionic surfactants” includes the above-noted
compounds and their derivatives. These include, but are not limited to, complex, addition
product, and condensation product formed by a reaction of (i) at least one member selected
from the group consisting of natural resinous-polymer, Vinsol resin, quebracho resin, tannins
and lignin; and (ii) at least one member selected from the group consisting of saturated C10-

C24 fatty acid, unsaturated C10-C24 fatty acid, and unsaturated C10-C24 fatty acid modified

- with at least one member selected from the group consisting of acrylic acid, maleic

anhydnde, fumaric acid, dienes and dienophile.

[0046] Sulfate, sulfonate, phosphate, or phosphonate derivatives of the
aforementioned compounds are suitable for use in the present invention inclilding, but are not
limited to, those of lignin, natu_ral-resinous polylner, Vinsol resin, quebracho resin, and
tannin. Sulfate, sulfonate, phosphate, or phosphonate .derivatives of the complex, addition
product, or condensetion product formed by a reaction of (i) at least one member selected
from the group consisting of natural resinous polymer, Vinsol resin, quebracho resin, tannins
and lignin; and (11) at least one member selected from the group consisting of saturated C10-
C24 fatty acid, unsaturated C10-C24 fatty acid, and unsaturated C10-C24 fatty acid modified
with at least one member selected from the groxxp." consisting of acrylic acid, maleic

anhydnde, fumaric acid,'diene and dienophile may also be used in the present invention.

[0047] As used herein the term “amphoteric surfactants” includes both mMono-

- amphoteric and polyamphoteric surfactants. 'Amphoterio surfactants suitable for use in the

- present invention may be products obtamned by (1) modifying C-12 to C-24 fatty acids with at

least one member selected from the group consisting of acrylic acid, maleic anhydride,
fumaric acid, diene and dieneophile; and then (i1) reacting the resulting modified prodncts
with at least one rnember selected from t}ie group consisting of polyethylene polyamine, .
lithium C-12 to C-24 alkyl amidopropyl nalide methyl carboxylate betaine, sodium C-12 to
C-24 alkyl amidopropyl halide methyl carboxylate betaines, potassium C-12 to 'C--24 alkyl

- amidopropyl halide methyl carboxylate betaines, lithium C-12 to C-24 alkyl amidopropyl

halide phosphate betaines, sodium C-12 to C-24 alkyl amidopropyl halide phosphate
betaines, potassium C-12 to C-24 alkyl amidopropy] halide phosphate betaines, lithium C-12
to C-24 alkyl amidopropyl halide sulphate betaines, sodium C-12 to C-24 alkyl amidopropy]

12
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halide sulphate betaines, and potassium C-12 to C-24 alkyl amidopropyl halide sulphate

betaines.

[0048] Cationic surfactants suitable for use in the present invention may mclude, but

are not limited to, the following: fatty imidoamines derived from (1) modifying C-12 to C-24

fatty acids with at least one member selected from the group consisting of acrylic acid, maleic
anhy(lride, fumaric acid, diene and dieneophile, and then (ii) reacting the tesulting modified
products with polyalkylenepolyamines; fatty amidoamines derived from (1) modifying C-12
to C-24 fatty acids with at least one member selected from the group consisting of acrylic
acid, maleic anhydride, fumaric acid, diene and dieneophile, and then (11) reacting the
resulting modified products with at least one Inember_selected frem the group consisting of’
polyalkylenepolyamines,

saturated C-12 to C-24 alkyl monoamines, unsaturated C-12 to C-24 alkyl monoamines,
saturated C-12 to C-24 elkyl polypropylenepolyamines, unsaturated C-12 to C-24 alkyl
polypropylenepolyamine8° polyoxyethylene derivatives made by modifying saturated C-12 to

C-24 alkyl monoamines with at least one member selected from the group con81st1ng of

- ethylene oxide and propylene oxide; polyoxyethylene derlvatlves made by mod1fy1ng

unsaturated C-12 to C-24 alkyl monoamines W1th at least one member selected from the

group consisting of ethylene oxide and propylene oxide; polyoxyethylene derivatives made
by modifying saturated C-12 to C-24 alkyl polypropylenepolyamines w1th at least one
member selected from the group consisting of ethylene oxide and propylene oxide;
pely0xyethylene derivatives made by modifying unsaturated C-12 to C-24' alkyl
polypropylenepolyamines with at least one member selected from the group consisting of
ethylene oxide and propylene oxide; saturated C-12 to C-24 alkyl aryl monoamines;
unsaturated C-12 to C-24 alkyl aryl monoamines; saturated C-12 to C-24 alkyl aryl .
polypropylenepolyamines; unsaturated C-12 to C-24 alkyl aryl polypropylenepolyamines;
saturated C-12 to C-24 quaternary amines; unsaturated C-12 to C-24 quaternary amines;

amine derivatives of tannins; amine derivatives of phenolic resins; amine derivatives of

| lignins; amine-modified polyacrylates; and combinations thereof.

30

[0049] In one embodiment of the presentinvention, the cationic emulsiﬁef may

- comprise a member selected from the group consisting of saturated C-12 to C-24 alkyl
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monoamines, unsaturated C-12 to C-24 alkyl monoamines, saturated C-12 to C-24 alkyl

'polypropylenepolyzimines, unsaturated C-12 to C-24 alkyl polypropylenepolyamines, and

- combinations thereof.

[0050] In one embodiment of the present invention, the cationic emulsifier may be a

blend of at least one member selected from the group cOnsisting of saturated and unsaturated

C-12 to C-24 alkyl monoamines, and at least one member selected from the gro.up consisting

of saturated and unsaturated C-12 to C-24 alky] polypmpylenepolyamines.'

[0051] As used herein, the term “cationic surfactants” includes the above-noted

compounds and their derivatives.

[0052] Nonionic surfactants which are suitable for use in the present invention
include, but are nbt 'l'im_ited to, the following: aikylaryl polyethylene oxide and polypropylene
oxide derivatives; polyethylene oxide derivatives of branched, linear, and cyclic alkanols,

sotbitan esters, mono- and polysaccharide derivatives; polypropylene oxide derivatives of

- branched alkanols, linear alkanols, cyclic alkanols, sorbitan esters, monosaccharide

derivatives and polysaccharide derivatives; protein stabilizers such as casein and albumin;
polyethoxylated derivatives of the anionic, amphoteric, and cationic surfactants mentioned
above; polyprOpoxylated derivatives of the anionic, amphoteric, and cationic surfactants
mentioned above; and mechanical stabilizers such as the phyllosilicate bentonite and

montmorillonite clays.

[0053] In one embodiment of the present invention, the surfactant may be nonionic
'surfactan'ts including, but are not limited to, a_lkylpolysacchafi.des; alkylphénol alkoxylates
such as alkylphenol ethoxylates, alkylphenol propoxylates, dialkylphenol ethoxylates, and
dialkylphenol propoxylates; fatty alcohol ethoxylates such as saturated or unsaturated fatty
acid ethoxylate having linear, branched, or cyclic structure; saturated or unsaturated fatty acid

propoxylate having linear, branched, or cyclic structure; ethoxylates of escinoleic acid or

~ castor oil; and propoxylates of escinoleic acid or castor oil.
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[0054] In one embodim'entof the presént invention, the surfactant may comprise a
nonionic surfactants including, but are not limited to, polyethylene-polypropylene block
copolymers; hydroxypoly(oxyethylene) poly(oxypropylene) poly(oxyethylene) block
coponmerS; 1,2-propyleneglycol ethoxylated and propoxylated; and synthetic block
copolymers of ethyl'ene.-oxide and propylene oxide having molecular weights exceeding 300

g/mole.

- {0055] In one embodiment of the present invention, the surfactant may be non-tallow
or non-tall o1l based sﬁrfactant including, but are not limited to, decyl alcohol ethoxylates;
castor o1l ethoxylate; ceto-oleyl alcohol ethoxylate; ethdxylated alkanolamide; fatty alcohol
alkoxylates; dinonyl phen_ol. ethoxylate; nonyl phenol ethoxylate; sorbitan ester ethoxylate;
alkyl ethér sulphate; monoalkyl sulphosuccinama'te; alkyl phenol ether sulphate; fatty alcohol
sulphate; di-alkyl sulphosuccinate; alkyl ether phosphate; alkyl phenol ether phosphate; alkyl
naphthalene sulphonate; a-~olefin sulphonate;- alkyl benzene s’ulphonic acidé and salt; alkyl
ampho(di)acetate; alkyl betaine; 'alkyl polysaccharide; alkylamine ethoxylate; amine oxide;

combinations thereof.

[0056] Oligomers, co-oligomers, ter-oligomers, tetra-oligomers, polymers,

.copolymers terpolymers, or tetrapolymers of acrylic acid, alkylacrylic acid, or alkyl esters of

acrylic a01d alkyl esters of alkylacryhc acid, hydroxyalkyl esters of acrylic acid,
hydroxyalkyl esters of alkylacryllc acids, acrylamide, alkylacrylamide, N-alkyl acrylamlde
N,N-dlalky_l acrylamdide, N-hydroxyalky]acry]amlde, N,N-dihydroxyalkylacrylamide,
styrene, alkylstyrene, ethene, propené, higher order alkenes, dienes, allyl alcohol,
polyhyrdoxylated polyalkéne s, halogenated ethylene, halogenated propylene, and/or
haloéenated alkylidenes zire suitable for use as surtactants in the present invention
Furthermore, the lithium, ‘sodium, potasswm magnesmm calcium, ammonium, or

alkylammomum salts of the aforementioned polymers may be used as surfactants in the
present invention. Examples of suitable dienes for use in the present invention include, but

are not limited to, butadiene, cyclopentadiene, and isoprene.

[0057] In one embodiment of the present invention, the surfactant may comprise salt ‘

obtained by the reaction of (1) at least one member sélccted from the group consisting of
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hydrogen halides such as hydrochloric acid; carboxylic acids such as acetic acid, propionic
acid, butyric acid, oxalic acid, maleic acid, fumaric acid, and citric acid; and phosphoric acid;
and (1) at least one member selected from the group consisting of oligomers, co-oligomers,
ter-oligomers, tetra-oligomers, homopolymers, copolymers, terpolymers, and tetrapolymers
of acryhc acid, alkylacrylic acid, alkyl esters of acrylic acid, alkyl ester of alkylacryllc ac1d
hydroxyalkyl ester of acrylic acid, hydroxyalkyl ester of alkylacryhc acid, acrylamlde
alkylacrylam1de, N-alkyl acrylamide, N,N-dialkyl acrylamdide, N-hydroxyalkylacrylamide,
N,N-dihydroxyalkylacrylamide, styrene, alkylstyrene, ethane, propene, higher order alkene, .

diene, hydroxylated propene, polyhyrdoxylated polyalkenes, halogenated ethylene,

halogenated propylene, and/or halogenated alkylidene. Examples of suitable dienes for _usé in

the present invention include, but are not limited to, butadiene, cyclOpentadiene, and

~ isoprene.

' [0058] In one embodiment of the present invention, the surfactant may comprise a
member selected from the group consisting of oligomeric ethyleneamines, oligomeric
polypropyleneamines, hexamethylene diamine, bis-hexamethylene diamine, oligomeric

aziridine, polyaziridine, polyethylene polyammes polypropylene polyamines,

. _ polyethylene/polypropylene polyamines, and higher order polyalkylene polyamines such as

the distillation re81dues from polyalkylene polyamlne manufacture

[0059] In one embodiment of the present invention, the surfactant may be salt
obtained by the reaction of (i) at least one member selected from the group consisting of
hydrogen halides such as hydrochloric acid; carboxylic acids such as acetic acid, proplonlc
acid, butyric acid, oxalic acid, maleic acid, fumaric acid, and citric acid; and phosphoric acid;
and (11) at least one rnernber selected from the group consisting of oligomeric ethyleneamines,
oligomeric polypropyleneamines, hexamethylene diamine, bis-hexan‘rethylene diamine,
oligomeric aziridine, polyaziridine, polyethylene polyamines, polypropylene polyamines,
polyethylene/polypropylene polyamines, and hi gher order polyalkylene polyamines such as

the distillation residues from polyalkylene polyamine manufacture.

[0060] In one embodiment of the present .invention the surfactant may comprise
monoethoxylated polyethoxylated, monopropylated, or polypropylated condensates of

ohgomenc ethyleneamines, olrgomenc polypropyleneammes hexamethylene diamine, bis-
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hexamethylene diamine, polyethylene polyamines, polypropylene polyamines, and/or igher

order polyalkylene polyamines such as the distillation residues from pOIyalkylene polyamine

manufacture.

[0061] In one embodiment of the present invention, the surfactant may comprise salt
obtainéd by the reaction of (i) at least one member selected from the group consisting of
hydrogen halides such as hydrochloric acid; carboxylic acids such as acetic acid, pfOpionic
acid, butyric acid, oxalic acid, maleic acid, fumaric acid, and citric acid; and phoéphoric acid;
and (11) at }ean one member selected from the group consisting of mofloe'_thoxylated, '
polyethoxylated, monopropylated, and polycondensates of oligomeric ethyleneaﬁlines,
oligomeric polypropyleneamines, hexamethylene diamine, bis-hexamethylene diamine,
polyéthylene polyamines, pﬁolypropylene polyalnines, and/or higher order pdlyalkylene

polyamines such as the distillation residues from po]yalkylene polyamine manufacture.

[0062] In one embodiment of the present invention, the surfactant may comprise

hydroxyalkyl amine such as hydroxyethyl amine, hydroxyethyl polyamine, hydroxypropyl

' polyethylene amine, hydroxypropyl amine, hydroxypropyl polypropylene amine, and

combinations thereof.

[0063] In one embodiment of the present invention, the surfactant may comprise salt
obtained by the reaction of (i) at least one member selected from the group consisting of

hydrogen halides such as hydrochloric acid; carboxylic acids such as acetic acid, propionic

~acid, butyric acid, oxalic acid, maleic acid, fumaric acid, and citric acid; and phosphoric acid;.

and (11) hydroxyalkyl amine such as hydroxyethyl amine, hydroxyethylpolyamine,

- hy,droxypropyl polyethylene amine', hydroxypropyl amine,_ hydroxypropyl polypropylene

amine, and combinations thereof.

[0064]} In one embodiment of the present invcnti'on,'the surfactant may co'mprise' C-36
dimeric fatty acids or C-54 trimeric fatty acids. In one embodiment of the present invention,

the surfactant may comprise polymeric condensation products formed by a reaction of C-36

‘dimeric fatty acids with at least one member selected from the group consisting of oli gomeric

'ethyleneamines,‘polyethylene polyamines, oligomeric propylamineé, polypropylene
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polyamines, and hi ghefr order polyalkylene polyamines such as the distillation residues from

polyalkylene polyamine manutacture.

[0065] In one embodiment of the present invention, the surfactant may' comprise salt
obtained by a reaction of (i) at least one member selected from the group consisting of
hydrogen halides such as hydrochloric acid; carboxylic acids such as acetic acid, propionic
acid, butyric acid, oxalic acid, maleic acid, fumaric acid, and citric acid; and phosphoric acid,
and (ii) at least one member selected from the group consisting of polymeric condénsation
produci:s formed by a reaction of C-36 dimeric fatty acid with at least one member selepted "
from the group consisting of oligomeric ethyleneamines, polyethylene polyamines,
oligomeric propylamines, polypropylene polyamines, and higher order polyalkylene

polyamines such as the distillation residues from polyalkylene polyamine manutacture.

- [0066] In one embodiment of the present invention, the surfactant may comprise

polymeric condensation products formed by a reaction of C-54 trimeric fatty acids with at

least one member selected from the group consisting of oligomeric ethyleneamines,

- polyethylene polyamines, oligomeric propylamines, polypropylene polyamines, and higher

order polyalkylene polyamines such as the distillation residues from polyalkylene ‘polyamine

manufacture.

[0067] In one embodiment of the present invention, the surfactant may comprise salt

“obtained by a reaction of (i) at least one member selected from the group consisting of

hydrogen halides such as hydrochloric acid; carboxylic acids such as acetic acid, propionic
acid, butyric acid, oxalic: acid, méleio acid, fumaric acid, and citric acid; and phosphoric acid;
and (ii) polymeric condensation product formed by a reaction of C-54 trimeric fatty acids -
with at least one member selected from the group consisting of oligomeric ethyleneamines,
polyethylene polyamines, oligomeric propylamines, polypropylen'e' polyamines, and higher

order polyalkylene polyamines such as the distillation residues from polyalkylene polyamine

- manufacture.

30
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[0068] In one embodiment of the present invention, the surfactant may comprise a
member selected from the group consisting of hydroxystearic acid, oligomer of

hydroxystearic acid, and polymeric hydroxystearc acid.

[0069] In one embodiment of the present invention, the surfactant may comprise a
member selected from the group consisting of polymeric condensation products formed by a

reaction of ‘(i)' at least one member selected from the group consisting of ethylene amines,

‘propylene amines, ethylene/propylene amines, oligomeric ethyleneamines, polyethylene

polyamines, oligomeric propylene amine and higher order polyalkylene polyamines such as
the distillation residues from polyalkylene polyamine manufacture; and (ii) at least one

member selected from the group consisting of hydroxystearic acid, oligomers of

hydroxystearic acid, and polymeric hydroj;ystearic acid.

[00’70] In one embodiment of the present invention, the surfactant may comprise
polymeric condensation products tormed by a reaction of Lewis acid base such as l,ithi.lim
hydroxide, sodium hydroxide, and potassium hydroxide; and at least one member selected
from the group consisting of hydljoxystearic acid, oligomers of hydroxystearic acid, and"

polymeric hydroxystearic acid.

(0071} In one embodlment of the present mventlon the surfactant may comprise
ethoxymmethyleneamme derivatives of C-12 to C-24 fatty amines of structure (I), as shown |
in Figure 1 wherein R is ahphatlc C-12 to C-24 moletles; the sum of x and y 1s greater or

equal to two; and a and b are greater than or equal to zero. The .aliphatic C-12 to C-24

- moieties may be saturated or unsaturated having linear, branched, or cyclic structure.

[0072] In one embodiment of the present invention, the surfactant may comprise a

member selected from the group consisting of salt obtained by a reaction of (i) at least one

member selected from the group consisting of hydrogen halides such as hydrochloric acid;

carboxylic acids such as acetic acid, propionic acid, butyric acid, oxalic acid, maleic acid,
- fumaric acid, and citric acid; and phosphoric acid; and (ii) at least one member selected from

the group consisting of ethoxytrimethyl_eneamine dertvative of C-12 to C-24 fatty amines of

structure (I).
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[0073] In one embodiment of the present invention, the surfactant may comprise
propoxytrimethyleneamine derivatives of C-12 to C-24 fatty amines of structure (IT), as
shown in Figure 2 wherein R is aliphatic C-12 to C-24 moieties; the sum of x and y 1s greater
or equal to two; and a and b are greater than or equal to zero. The aliphatic C-12 to C-24

moieties may be saturated or unsaturated having linear, branched, or cyclic structure.

[0074] In one embodiment of the present invention, the surfactant may comprise salt

‘obtained by a reaction of (1) at least one member selected from the group consisting of

hydrogen halides such as hydrochloric acid; carboxylic acids such as acetic acid, propionic
acid, butyric acid, oxalic acid, maleic acid, fumaric acid, and citric acid; and phosphoric acid;
and (ii) at least one member selected from the group consisting of propoxytrimethyleneamine

derivative of C-12 to C-24 fatty amines of structure (II).

[0075] In one embodiment of the present invention, the surfactant may comprise a
member selected from the group con31st1ng of saturated allphatlc C-12 to C-24 dialkyl amines
having linear, branched or cyclic structure; and unsaturated aliphatic C-12 to C-24 dlalkyl

amines having linear, branched, or cychc structure of structure (I1I), as shown in Figure 3

wherein R and R* may be the same or different; and each may be saturated or unsaturated

ahphatlc C-12 to C-24 moieties having linear, branched, or cyclic structure.

[0076] In one embodiment of the pre_sent ivention, the surfactant may comprise salt

obtained by a reaction of (1) at least one member selected from the group consiSting of

‘hydrogen halides such as hydrochloric acid; carboxylic acids such as acetic acid, propionic

acid, butyric acid, oxalic acid, maleic acid, fumaric acid, and citric acid; and phosphoric acid;
and (11) at least one member selected from the group consisting of saturated and unsaturated

aliphatic C-12 to C-24 dialkyl amines of strncture (111).

10077] In one embodiment of the present invention, the surfactant mey comprise
quaternary amine derivative of at least one member selected from the group consisting of
linear, branched, or cyclic saturated aliphatic C-12 to C-24 alkyl amines; and linear,

branched, or cyclic saturated aliphatic C-12 to C-24 alkyl amines of structure (IV), as shown
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in Figure 4 wherein R' and R? may be the same or different saturated and unsaturated linear,
branched, and cyclic aliphatic C-12 to C-24 moieties, and R3 and R* may be methyl mbieties
or other higher order homologs of saturated or unsaturated linear, branched, and cyclic

aliphatic moieties.

[0078] In one embodiment of the present invention, the surfactant inay c_ompfise salt
obtaihed by a reaction of (1) at least one membér selected from the group consisting of '
hydrogén halides such as hydrochloric acid; carboxylic acids such as acetic acid, propionic
acid, butyric acid, oxalic acid, maleic acid, fumaric acid, and citric acid; and phosphoric acid;
and (11) at least ane member selected from the group conéisting- of quaternary amine

derivative of saturated or unsaturated aliphatic C-12 to C-24 alkyl amines of structure (IV).

[0079.] In one embociiment of the present invention, the surfactant may comprise
quaternary amine derivative of at least one member selected from the group consisting of
linear, branched, oi'.cyclic saturated aliphatic C-12 to C-24 alkyl amine; and linear, branched,
or cyclic saturated aliphatic C-12 to C-24 alkyl amine of structure (V), as shown in Figure 5
wherem R' and R* may be the same or different hnear, branched and cychc saturated or

unsaturated ahphatlc C- 12 to C-24 moieties; and R’ and R* are ethoxy OT Propoxy m01et1es

“and comblnatl-ons thereof.

[0080] In one embodiment of the present invention, the surfactant may comprise salt
obtained by a reaction of (1) at least one member. selected from the group consisting of

hydrogen halides such as hydrochloric acid; carboxylic acids such as acetic acid, propionic

acid, butyric acid, oxalic acid, maleic acid, fumaric acid, and citric acid; and phosphoric acid,

and (ii) at least one member selected from the group co’nsisti‘ng of quaternary amine

derivative of saturated or unsaturated aliphatic C-12 to C-24 alkyl amines of structure (V).

[0081] In one embodiment of the present invention, the surfactant may comprise |

bisamide formed by a reaction of polyalkylenepolyamines and adduct obtained by modifying

 at least one member selected from the group consisting of linear, branched, or cyclic

- saturated aliphatic C-12 to C-24 fatty acid; and linear, branched, or cYclic'saturated aliphatic ‘
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C-12 to C-24 fatty acids with at least one member selected from the group consisting of

acrylic acid, maleic anhydride, fumaric acid, diene and dieneophile.

[0082] In one embodiment of the present invention, the surfactant may comprise salt
obtained by a reaction of (1) at least one member selected from the group consisting of
hydrogen halides such as hydrochloric acid; carboxylic acids such as acetic acid, propionic
acid, butyric acid, Oxalic acid, maleic acid, fumaric *acid, and citric acid; and phosphoric acid;
and (ii) bisamide formed by a reaction of polyalkylenepolyamines and adduct obtained by
modifying at least one member selected from the group consisting Qf linear, branche.d, or
cyclic saturated aliphatic C-12 to C-24 fatty acid; and linear, branched, or cyclic saturated |
aliphatic C-12 to C-24 fat_ty acids with at least one member selected from the group

consisting of acrylic acid, maleic anhydnide, fumaric acid, diene and dieneophile.

[0083] In one embodiment of the present invention, the surfactant may comprise

‘ dialkylary]amine. In one embodiment of the present invention, the surfactant may comprise

salt obtained by a reaction of dilakylarylamine and at least one member selected from the
group consisting of hydrogen halides such as hydrochloric acid; carboxylic ac_ids‘ such as
acetic acid, propionic acid, butyric acid, oxalic acid, maleic acid, fumaric acid, and citric

acid; and phosphoric acid.

- [0084] Suitable surfactants for use in the present invention have high-temperature
shear-stability needed for mixing and subsequent compacting of the bituminous ‘
compositions, as interfacial tension between the bitumen film and aggregate so that a strong

adhesive bond is maintained and water damage to the pavement is prev.ente'd.

[0085] Surfactant formulations are chosen to control dispersion properties such as
interfacial'viscosity, Marangoni effect, and interfacial bitumen solubility at the. elevated

temperature of the present invention (i.e., about 50°C to about 120°C) and concurrently at

low surfactant dosages. Surfactant dosages likewise are chosen to impart the target

interfacial properties in the finished emulsion. High surfactant dosages are avoided because
they are costly. Furthermore, high surfactant dosagés contribute to low rates of compressive

strength development, and increase moisture sensitivity in the finished pavement.
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[0086] In one embodiment, the surfactant used i the water-in-oil dispersion has

interfacial ténsion between bitumen and water of less than 40 dynes/cm at 26° C and at an

“aqueous concentration of less than 0.1% weight.

[0087] In one embodiment, the surfactant has an interfacial tension between bitumen

and water of less than 30 dynes/cm at 26° C and at an aqueous concentration of less than

0.1% weight.

[0088] In one embodiment, the surfactant has an interfacial tension between bitumen '
and water of less than 20 dynes/cm at 26° C and at an aqueous concentration of less than

0.1% weight.

[008'9] In one embodiment, the surfactant has an interfacial tension between bitumen
and water of less than 10 dynes/cm at 26° C and at an aqueous concentration of less than

0.1% weight.

[0090] In one embodiment, the surfactant has an interfacial tension between bitumen

and water of less than 5 dynes/cm at 26° C and at an aqueous concentration of less than 0.1%

weight.

[0091] The water-in-oil bitumen diépersion of the present invention may be solvent-
free. Environmental concerns have driven the reduc.tion, up to elimination, of organic
solvents from paving bitumen emulsions. However, for technological reasons total
elimination has not been available in all paving applicafions prior to the av‘ailability of the
present invention. In certain districts the term “solvent-free” 18 defined to include a minor

portion of organic solvents. For example, “solvent-free” has at one time been defined in the

state of _Pennsyl\éania- to include up to 4% organic solvents. For the purposes of this

invention, therefore, where desired the water-in-bitumen dispersion may contain at least one
solvent (such as naphtha, kerosene, diésel, flux, and the like) at a level less than that needed
to facilitate either: 1) the mixing of the bituminous composition at ambient temperature to

yield fully-coated aggregate, or 2) the compaction of the bituminous composition at ambient
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temperatures. In one embodiment, the level of solvent in the invention water-in-o1l bitumen
dispersion is less than about 1% by total weight of the dispersion. As used herein, the term

“ambient temperatures” means an environmental temperature of less than about 40°C.

[0092] Aggregate

[0093] Aggregate used in paving materials and road construction, road rehabilitation,

road repair and road maintenance are derived from natural and synthe_tic sources. It 1s to be
understood that the “aggregate” in the'present invention also includes reclaimed asphalt
pavement (RAP). As in any construction process, aggrégates are selected for asphalt paving
applications based on a number of criteria, including physical properties, compatibility with
the bitumen to be used in the construction process, availability and ability to provide a
finished pavement that meets the performance specifications of the pavement layer for the
traffic projected over the design life of the project. Among the aggregate prOperties that are
key to successtul road construction is gradation, which refers to the perc.ent of aggregate
particles of a given size. For most load-bearing asphalt pavements, three gradations are
common: dense-graded, gap-'graded and open-graded. Dense-graded aggregate exhibits the
greatest mineral surface area per unit of aggregate. Open-graded aggregate largely consists
of a single, ‘larg‘e-sized (e.g., about 0.375 inch to about 1.0 inch) stone with very low levels
(typically less than about 2% of the total aggregate) of fines (material less than 0.25 inch) or
filler (mineral mate.rial less than 0.075 mm). Gap graded aggregate falls between dense-
graded and open-graded classes. Reclaimed asphalt pavement (RAP) niaterial‘generally '
reflects the gradation of the pavement from which the reclaimed material 1s obtained. If the

original pavement is a dense-graded mix, the RAP generally will also be dense graded,

although the RAP filler fraction is generally observed to be lower than the design limits of the

~ origin aggregate specifications.

[0094] Any aggregate which is traditionally employed in the production of
bituminous paving compositions is suitable for use in the present invention. These include,
but are not limited to, dense-graded aggregate, g_ap-graded aggregate, open-graded aggregate,

stone-matrix asphalt, reclaimed asphalt pavement, reclaimed roofing shingles and mixtures

- thereof. Aggregate which is not.fully dried may also be employed in the present invention.
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[0095] Bituminous Paving Composition

[0096] The invention water-in-oil bitumen dispersion may be produced at the same
facility as the bituminous paving composition. The invention disperston may be produced
using several mixing techniques. These include, but are not limitedto,"mixing the bitumen
and water using the following types of mixing equipment: ‘high-shear colloid mills, static 1n-
line mixers, high-?shear mixers, and high-shear nozzle devices. Furthermore, the dispérsion

may be produced by directly injecting water into a process stream of bitumen in such that the

shear generated from the water injection sufﬁciently disperses and mixes water droplets into

the bitumen stream and provides bitumen dispersion. The injection of the water into a

‘bitumen process stream may be performed through phase inversion process such as
catastrophic or otherwise. The water-in-oil bitumen dispersion may be produced at a

~ temperature range of about 80 °C to about 95°C using such mixing process, and after

production injected into the mixing chamber, where it is mixed with aggregate having a

~ temperature range of about 60° C to about 140° C to yield the bifurninous paving composition

having a temperature range of about 60 °C to about 140°C.

[0097] In one embodiment of the present invention, the bituminous paving
composition 1s.produced at a temperature range of about 50° C t(j about 120° C by a process
comprising a step of mixing: .

(1) water-1n-oil bitumen dispefsion, ‘having a temperature from about 75° C to about
95° C, in an amount from about 2% to abbilt 10% by total weight of the
bituminous composition; and

(1) Aggregate and/or reclaim a-sphalf pavement, having a temperature from about
60° C to about 140° C, in an amount from about 90% to about 98% by total

weight of the bituminous composition.

10098] In another embodiment, the bitum.i'nous compositions are produced by

- aforementioned process at a temperature in the range of about 55° C to about 120° C.

[0099] Yet in another embodiment; the bituminous compositions are produced by

aforementioned process at a temperature-in the range of about 60° C to about 95° C.
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(00100] In one embodiment, the bituminous compositions are produced by
aforementioned process by using the water-in-oil bitumen dispersion in (1) having a

temperature in a range of about 85° C to about 95° C.

(00101] In one embodiment, the bituminous compositions are produce.d by

aforementioned process by using the aggregate and/or reclaim asphalt pavement in (i1) having

a temperature in a range of about 60°C to about 120°C.

[00102] The invention bituminous composition may include additives introduced

with the aggregate feed. Examples of such additives include, but are not limited to, mineral

- additives such as lime and cement; and ﬁb_rous additives such as cellulose, glass and polymer

fibers. Additionally, reclaimed asphalt pavement material may be used as additive.

[00103] In one embodiment, the invention bituminous composition is applied to the
surface to be paved at a temperature range of about 0°C to about 120°C. In another

embodiment, the invention bituminous composition is applied to the surface to be paved at a

temperature range of about 85°C to about 100°C. Yet in another embodiment,'the invention

bituminous composition is applied to the surface to be paved at a temperature range of about

85°C to about 95°C.

[00104] Once applied to the surface to be paved, the invention bituminous
compositions may be compacted as desired using any of the compaction methods known 1n

paving applications.

[00105] In one embodiment, the applied bituminous composition 1s compacted to an

" air void content comparable to that of hot mix pavement compositions made at temperatures

exceeding 140°C and having substantially equivalent aggregate gradation and bitumen

content. .

[00106] In one embodiment, the applied bituminous composition is compacted to

develop load-bearing strength at a rate comparable to that of hot mix p‘avemeﬁt compositions
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made at temperatures exceeding 140°C and having substantially equivalent aggregate

gradation and bitumen content.

[00107] The method of the present invention 1s suitable for use in thin lift overlay

p-aving applications. Thin lift overlays is a maintenance paving technique that traditionally
involves the placement of a thin lift of a bituminous composition produced according to
standard hot-mix procedures at temperatures normally exceeding 165°C and applied at
corresponding Itemperatures in the field to an existing, damaged pavement surface. The
current thin lift teoh_nology using hot-mix bituminous compo’sitiohs commonly suffers from
two major deficiencies. First, the hot bituminous composition tends to cool quickly, making
it difficult to extend (i.e., spread) at ambient temperatures onto the existing pavement surface
needed of repair. This rapid cooling of the thin lift made of hot bituminous material can also
result in relatively poor compaction. The problems that arise in constfuction.(e.g., extension,
spreading and compaction) due to rapid cooling can be aggravated when polymer-modified
bitumens are used. -Polymer-modified bitumens have higher viscosities than unmodified
bitumens at a given temperature. Thus, hot-mix bituminous compositions (mixtures with
aggregate) made with polymer-modified bitumens are more viSeous than equivalent
bituminous compositions made with unmodified bitumen at a given construction temperature.
As a result of increased viseosity and resistance to flow, a thin lift bituminous eomposition
made withpoly_mebmodiﬁed bitumen exhiblté even greater problems in handlihg- and

construction.

[00108] Where desired, the methods and bituminous eompositions of the present
invention may be employed in the production of bituminous paving blocks. In this
technology, water-in-oil bitum.en dispersion and aggregale are mixed to form a bitufninous B
composition Ihal'ie cast in molds, compacted, and allowed to cure. The cured blocks (or
bricks) are used to construct pavements. In one embodiment, the invention bituminous

eomposition' is cast in the mold and compacted at a temperature range of about 50° C to about

120° C. In another embodiment, the invention bituminous composition is cast in the mold

zlnd compacted at a temperature range of about 80° C to about 100° C.
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[00109] Due to the enhanced compaction (leading to higher density and higher
strength) and accelerated cure rates (leading to increased production rates and improved
manufacturing economics) exhibited by the bituminous compositions of the present
invention, the methods and bituminous compositions of the present invention offers

improvements over the construction of these blocks using traditional cold mix paving

compositions.

[00110] Where desired, the methods and bitumen dispersions of the present invention

can be used in in-situ production of bituminous compositions. Such in-situ operations

include on-site recycling operations such as hot in-place recycling where an aged, distressed

_ pavement may be héated with a variety of portable heater units, scarified, and re-combined

with bitumen material to create a rejuvenated paving composition. The rejuvenated paving

composition is extended over the width of the traffic lane and compacted to create a

 rejuvenate pavement riding surface.

[00111] In one embodiment, the invention bituminous composition may be
mai.ntained at a temperatlire range of about 50°C to about 120°C for the period of time
between the prOductie'n of the bituminous compositions and their use in paVing applications.
In another embodiment, the invention bituminous compesition may be maintained at a
temperature range of about 80°C to about 100°C. The invention bituminous compos‘iti'on
may be maintained at these temperatures in closed systems (such as relatively large
stockpiles, stofage silos, covered transport vehicles, and the like) to prevent evaporation of

moisture.

[00112] Methods and equipment known for mixing bitumen dispersion and aggregate
that are stationary or mobile may be used 1n the production of invention bituminous paving
compoSitiohs, such as'pug mills of batch, drum, or continuous variety. The term “mobile”
includes, but is not limited to, equipments used in-situ and in-place operations. Pug mills
impart high shear to the dispersion as it 1s ground with coarse aggregate and/or RAP, fines,
and filler. In these high shear MIXETS, aggregate and/or RAP (which 1s heated in the drum or
batch mixer to the specified process temperatures) tumbles down the inclined drum while

bitumen dispersion is sprayed onto the warm aggregate and/or RAP, giving dispersion-treated
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‘aggregate and/or RAP that tumbles downward through the drum mixer. Th'e'int,erior wall of

most drum mixers is lined with vanes that repeatedly catch the mix, lift it up as the drum
rotates, and deposit it back to the bottom of the drum. Drum and batch plants are capable of

throughput of many hundred tons of paving material per hour.

[00113] Typically, the bitumen emulsion having traditional emulsifier/surfactant
package is coarsened under mechanical stress imparted by mixing the emulsion with
aggregate at elevated temperatures. Therefore, its efficiency in aggregate coating is reduced
and the viscosity of bituminous composition making thereof increases. As the viscosity of
the bituminous composition increases, the densification of paving composition during
compaction deteriorates, resulting in a humber of pavement distress problems such as rutting,
pot-hole formation, and raveling. While the use of high surtfactant dosages can mitigate 'this

coarsening, such dosages can also retard the development of compressive strength and yield

undesirable outcome.

[00114] The surfactant packages use in the present invéntion impart high-
temperature rheological properties to‘ the water—in-biturhen dispersi_on and stabilize the
dispersion against coarsening. The interfacial rheology of the disperse-phase water droplets
in the bitumén dispersions of the present invention is cont'roll’e.d'by the structure and
chemistry of the ‘surfactant package. Surfactant structure and chemistry affect the energy
required to disperse the surfactant at the interface. Surfactant structure and chémistry
determine the shear stability of the Water-in-oil bitumen dispersion against rupture under
high-temperature shear cbnditions, such as those exhibited during mixing of disperSions and
aggregate at above ambient temperatures. Surfactant structure and packing attect the
interfacial fluidity or vis'cosity'.. Furthermore, proper choice of surfactant structure affects the

magnitude of the effect on the interfacial VISCOSIty.

[00115] The following exarhples are provided to further illustrate the present

invention and are not to be construed as limiting the invention in any manner.

[00116] In the following examples, the bituminous Comp’OSitions of bitumen

disperisons and aggregate were either mixed with an automated bucket mixer or by hand.
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The mixtures of bitumen dispersion and aggregate were compacted after preparation while

the mixtures were at production temperatures. A Strategic Highway Research Program

(SHRP) gyratory 6ompactor (commercially available from Pine Instruments) was used to

- compact the bituminous compositions into pills at a gyratory angle of 1.25° and a ram

pressure of 600 kPa using 30 gyrations. Immediately after comp'action, the bituminous

composition pills were cured at 25° C in an oven. After curing, the pills were evaluated for

N c()mpressive strength (i.e., Marshall stability). A stabilometer, commercially 'aivailable from

~ Pine Instruments, was used to measure the compreséive strength of the compacted specimens.

[00117] The aggregate used in Examplés 1-3 was crushed granite conforming to
eradation and property specifications for a dense-graded, %2-inch nominal paving mixture

co'mmonly used for production of pavement wearing courses. All aggregate samples were

| oven-dried at 110°C before use to remove moisture.

EXAMPLE 1

[00118] The asphalt used was performance-graded asphalt, PG67-22. However,

other viscosity-graded, penetration-graded, and performance-graded asphalts were also

* suitable for use in the production of the invention water-in-oil dispersion. The aggregate
used was dense-graded aggregate complying with Superpave aggregate qualities and

performance specifications.

[00119] Bituminous compositions were pfépared by the f0110wing procedure:

[00120] To 15 parts water containing alkyl polyamine surfactént at'pH 2.5and a
temperature of 85° C was added 85 parts PG 64-22 bitumen pre-heated to 135° C. The
bitumen was added slowly so that thé ~tempéramre of the resulting water-in-brtumen
dispersioh was maintained below 100° C; Roughly 70 parts of the water-in-bitumen
dispersion were added to roughly 1000 parts dense- graded_gtanite aggregate met gradation

and property specifications for ¥2-inch nominal wearing course paving aggregate, and the

- mixture was heated to 120° C. The composition was mixed 60 seconds to produce

bituminous compositions containing about 5.6% bitumen by total weight of the graded
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[00121] The resulting bitumen compoSitions having a temperature range of about 80°
C to about 95° C were added to a 100-mm diameter gyratory compaction mold, which had
been preheated to 80°C-95°C. The bitumen compositions were then compacted using 30
gyrations of a SHRP Pine gyratory cOmpactor at 600 kPa pressure and a gyration angle of
1.25°.

[00122] The compacted bituminous compositions were then placed In a 25°C oven

and allowed to cure for 24 hours. After curing, the physical and performance propertles of
the compacted and cured bituminous compositions were measured. Strength properties were

those expected for an identically-formulated hot mix asphalt paving composition.

EXAMPLES 2 - 4

- [00123] The asphalt used in Examples 2 4 was perfonnance-graded asphalt PG67-

22 However, other v1scomty -graded, penetration- gladed and performance-graded aSphalts

were also suitable for use in the product10n of the invention water-in-oil dispersion. The

aggregate used in Examples 2 - 4 was dense-graded aggregate complymg_wrth Superpave

‘aggregate qualities and performance specifications.

[00124] EXamples 2 and 3 used high-shear homogenizets. High-shear hemogenizers |

can be fitted with shear heads for a production of water-in-oil bitumen dispersions at

' atmospheric pressures and temperatures below 100°C. A 'speed' of 16,000 rpm was employed

with the serrated shear head used in these experiments. Since these experiments were

conducted at atmospheric pressure, the temperatures of dispersion were maintained at levels

~ that would prohibit the vaporization of water from the dispersion. Typically, these

temperatures WETE about 940 C to about 100° C. Use of a pressure-rated closed system for
mlxmg would allow the use of hlgher dlSpersmn temperatures under pressure without any
loss of water vapor. Target bitumen content of the water-in-o1l bitumen dispersion produced

in Examples 2 and 3 were about 80-90% by weight of the finished water-in-o1l bitumen

dispersion.
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[00125] The surfactant solutions were made by dissolving the appropriate emulsifier
package in water and adjusting to va1‘ious pH levels. Emulsifier dosages in the surfactant
solutions were adjusted such that their content in the ﬁ.ni_sh_ed dispersion would be about 0.1-
0.5%. Other dosages are appropriate as are other emulsifier packages. The solution pH was
adjusted by addition of 'con'centrated hydrochloric acid. The surfactant solutions Were heated

to roughly 85° C prior to its use for the production of water-in-oil bitumen dispersion.

[00126] The procedure in Examples 2 and 3 involved the following steps: Bitumen
was added to a metal vessel secured to a ring stand and heated on a hot plate to the target
temperature of about 94° C to about 100° C. The heated bitumen was stirred in a high-shear
mixer with serrated shear head at 16,000 rpm, and the surfactant solution was added. The

resulting water-in-oil dispersion was sampled for bitumen content, and then added to dense-

graded paving grade aggregate having a temperature of about 60° C to about 120° C.

[00127] EXAMPLE 2: The emulsifier package was a blend of one or more
polyethylene polyamine amidoamine condensates of modified fatty acid, and one or more

members of long-chain fatty polypropylene polyamines. Members of these classes were

discussed in PCT application Ser. No. PCT/US2005/002916.

[00128] To make the final total emulsifier dosage roughly 0.3% by weight of the

finished water-in-oil dispersion, the concentration of emulsifier in the surfactant solution was

- roughly 1.5%. For example, 20 grams of heated surfactant solution would contain roughly

0.3 grams of emulsifier package. Thus, 100 grams of the water-in-oil dispersion was
comprised of roughly 19.7 grams water, 80 grams bitumen, and 0.3 grams of the above

emulsifier/surfactant package.

[00129] The surfactant solution was adjusted to pH of about 2.0 by addition of
concentrated hydrochloric acid, and heated to 185° C prior to addition to the bitumen under
shear. Once the required amount of surfactant solution was added to the sheared bitumen, the

high-shear mixer was turned off.
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[00130] The warm mix bituminous paving composition was made, as 1n conventional
hot-mix asphalt laboratory production, by adding the water-in-oil bitumen dispersion to pre-
heated aggregate in a bucket mixer. For ex‘ample, 60 grams of water-in-oil diSpersien were

. added to 1000 grams of pre-heated aggfegate. Activation of the bucket mixer allowed
5  coating of the aggregate by the water-in-o1] bitumen ldispersion. The 'resulting mix had a

temperature of roughly about 60° C to about 82° C.

[00131] The resulting mix was suitable for producing compacted warm mix
speeimens.

10 | '

[0‘-0132] EXAMPLE 3: An emulsifier chemical package containing solely
polyethylene polyamine amidoamine condensate of fatty acid was used to make a surfactant
solution as 1n Example 1. The surfactant solution resulting from this emulsifier package was
also adjusted to pH 2 with hydrochloric acid. Production of the water-in-oil dispersion was

15  achieved as in Example 2 by adding the surfactant solution having a temperature of about 85°
C to the PG67-22 bitumen having a temperature of about to 94° C under mixing in the high-
shear mixer. To make the warm asphalt paving composition, 60 grams of the resulting water-
in-o1l bitumen dispersion was added to -pre-heated aggregate with mixing in a conventienal,

one-gallon bucket mixer.

20
[00133] The re'sulti‘ng mix was not suitable for producing compacted warm mix
specimens as the coating of the aggregate was imncomplete. Dense-graded paving
compositions must exhibit complete aggregate coating
25 o [00134] EXAMPLE 4. A 316-SS, static, tube, mn-line mixer was affixed via a T-

junction to the outlet sides of separate Surfactant and bitumen pumps. Surfactant solutions
~ were treated as those described above 1n Examples 2 and 3 and were co-fed with hot asphalt
to the in-line mixer. The surfactaht and asphalt feed lines, as well as the in-line mixer were
heat-traced to maintain elevated temperatures. A meta-stable water-in-oil dispersion was
30  discharged from the outlet side of the in-line mixer. The resulting meta-stable water-in-oil
. dispersion was fed directly to a bucket mixer containing pre-heated aggregate to produce a

- warm asphalt pavingeomposition.
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EXAMPLES 5-7

[00135] The aggregate used in Examples 5 - 7 was crushed limestone having a

eradation shown in TABLE L.

TABLE I

Crushed Limestone Gradat_ion

Sieve s1ze - Percent Passing
" 7/8 inches ' 100 l
5/8inches | 999 |
| 3/8 inches | | 77.8
| No. 4 B 55§ ‘ . ]
No. 10 | 33.8 '
No. 40 191 ‘ T
No. 30 - ' 93
No. 200 ._ 45 |

[00136] Materials used in these examples included a 'Venezue'lan bitumen having
Superpave grading of PG64-22 and a crushed limestone aggregate having a 3/8-inch Nominal
Maximum Aggregate Size (NMAS) following the oradation given in Table I and the 0.45-

power curve graph shown in Figure 6.

[00137] The water-m-o1l bitumen disperSion.s in these experiments were created
using a static, in-line ini_xing unit shown in the schematic drawing of Figure 7. The surfactant
solutions consisting of a surfactant package dissolved in water were prepared and adjusted to
pH of about 2-3. The surfactant package in the surfactant solution was a mixture of roughly
1:1:2 parts respectively of alkyl monoamine, alkyl propylene polyamine, and a
polyethylenepolyamine condensate of tall o1l fatty acid fortified thfough Diels-Alder

condensation reaction. The surfactant package comprised about 3-10% of the surfactant

solution.
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a. Density as a percent of Gmm (maximum mix specific gravity).

[00138] In EXAMPLES 5 — 7, the surfactant solution and bitumen were fed using

separate pumping and delivery systems to the static in-line mixer at a ratio of 15:85, 10:90,

B

TABLE II
EXPERIMENT HMA 3 4 5 6 7 |
' Control '

Soap Temp. (°C) - 30-40 30-40 30-40 30-40 t 30-40

Surfactant Package -~ 3.3 3.3 6.6 0. 3.3

(% w/w Soap) ' - |

Styrene-Butadiene Latex -- 0 0 0 0 11.3

(% w/w Soap) |

Ratio of Soap Feed to -- - 15:85 15:85 10:90 5:95 15:85 I
‘Bitumen Feed - |

Bitumen Temp. (°C) 160 130-140 130-140 130-140 | 130-140 | 130-140 |

Aggregate Temp. (°C) 160 80 120 100 100 100

Mix Temp. (°C) 160 85 107 100 107 100
Mold Temp (°C) 150 80 95 95 95 95

Compacted Mix Density 88.4 88.9 88.6 89.0 88.3 88.7

at N-initial® - | +£0.2 + 0.0 + 0.0 |

' Compacted Mix Density | 95.1 96.6 96.0 96.5 95.8 96.1

at N-des® + 0.1 + 0.4 + 0.2 |

Compacted Mix Density | 962 | 97.6 97.1 97.6 96.9 | 97.0

| at N-max’ _ + 0.1 +0.5 +0.3 |

 Strength (psi) at N—max 192 175 | 166 202 182 | 200 l
| Dry Strength (psi) | 1382 -- 100.4 - .- -
| (AASHTO T-283) . . . ’

Wet Strength (psi) 99.8 -- 75.3 -- = --

(AASHTO T-283) B o B
TSR ' 720 | - 75.0 _ ~ ]

and 5:95, respectively. Thus, the resulting water-in-oil bitumen dlspersmn comprised about

85-95% bitumen and about 5-15% water, along with the surfactant package and mineral acid

for pH adjustment. The surfactant package in al-l three expenments was 0.5% by weight of

the finished water-in-oil bitumen dispersion. In these Examples, the resulting water-in-oil

bitumen dispersion was discharged directly to a mechanical bucket mixer mixing unit (well

known in the asphalt mix industry) which contained aggregate pre-heated to the temperature

indicated in TABLE II.
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[00139] Mixes prepared in the mixing unit were transferred to compaction molds
and compacted using the SHRP Pine gyratory compactor, with N-initial, N-design, and N-
max equal to 8, 100, and 160 gyrations, respectively. Densities of compacted mixes were
measured as were strengths and N-max. Examples 5 and 6 differed in the starting
temperature of the aggregate and resulting mix temperatures. In Example 5, the aggregate
temperature was 80° C with a resulting mix temperature of 85° C. In Example 6, the
aggregate temperature was 120° C, with a resulting mix temperature of 107° C. The
volumetric properties (densities) and TSR values of paving compositions made with the
water-n-oil bitumen dispersions were comparable to properties of paving compositions ot

the Hot Mix Asphalt (HMA) Control, which was made via conventional procedures.

EXAMPLE 7

100140] Example 7 utilized the same formulation and process conditions as Example

4. However, in Example 7, styrene-butadiene latex commonly used in the bituminous
paving industry was added to the surfactant solution in the quantity indicated in TABLE II,
giving water-in-otl bitumen dispersion contained polymer-modified bitumen. The
volumetric properties were again comparable to those of the Hot-Mix Asphalt (HMA)

control.

[00141] It 1s to be understood that the foregoing description relates to embodiments

are exemplary and explanatory only and are not restrictive of the invention. Any changes
and modifications may be made therein as will be apparent to those skilled in the art. Such

variations are to be considered within the scope of the invention.
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CLAIMS

1. A method of applying a bituminous composition to a surface to be paved, the method
comprising:
providing the bituminous composition comprising, based on total weight of the
composition:
(a)  bitumen in an amount of 1.5% to 9.5% by weight;
(b}  asurfactant package in an amount of 0.001% to 0.2% by weight, the
surfactant package being characterized by an interfacial tension
between bitumen and water of less than 40 dynes/cm at a
temperature of 26° C and at an aqueous concentration of less than
0.1% weight;
(c) waterinan amount of 0.06% to 2.5% by weight; and
(d)  aggregate in an amount of about 90.0% to about 98.0% by weight;
and

applying the bituminous composition to the surface to be paved.

2. The method of claim 1, wherein the bituminous composition is produced at a

temperature above 100°C.

3. The method of claim 1, wherein the bituminous composition is produced at a

temperature range of 50°C to 140°C.

4. The method of claim 1, wherein the bituminous composition is applied to the surface to

be paved at a temperature range of 50°C to 120° C.

5. The method of claim 1, wherein the bitumen comprises at least one member selected
from the group consisting of naturally occurring bitumen, bitumen derived from crude

oil, petroleum pitch obtained from a cracking process, coal tar, polymer-modified
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bitumen, rubberized bitumen, rubberized bitumen containing recycled tire material,

acid-modified bitumen, wax-modified bitumen, and combinations thereof.

The method of claim 1, wherein the bitumen includes bitumen modified with chemical
comprising at least one member selected from the group consisting of natural rubber,
synthetic rubber, plastomer, thermoplastic resin, thermosetting resin, elastomer,
styrene-butadiene-styrene, styrene-butadiene-rubber, polyisoprene, polybutylene,
butadiene-styrene rubber, vinyl polymer, ethylene vinyl acetate, ethylene vinyl acetate
derivative, sulfur-containing crosslinker, salt, acid modifier, wax modifier, and

combinations thereof.

The method of claim 1, wherein the surfactant package comprises a member selected
from the group consisting of anionic surfactant, cationic surfactant, amphoteric

surfactant, nonionic surfactant, and combinations thereof.

The method of claim 7, wherein the anionic surfactant comprises a member selected
from the group consisting of C-12 to C-24 fatty acids; Diels-Alder adducts of C-12 to C-
24 fatty acids; Diels-Alder adducts of rosin acids; natural resinous polymers; quebracho
resins; tannins; lignous polymers; polyacrylic acid; polyacrylate derivatives; alkyl
sulfonates; alkyl benzyl sulfonates; alkyl sulfates; alkyl phosphonates; alkyl phosphates;
phenolic resins; product formed by a reaction of (i) at least one member selected from
the group consisting of natural resinous polymer, quebracho resin, tannins and lignin,
and (ii) at least one member selected from the group consisting of C10-C24 fatty acids
and Diels-Alder adducts of C10-C24 fatty acids; sulfate derivatives of lignin, natural
resinous polymers, or quebracho resins; sulfonate derivatives of lignin, natural resinous
polymers, or quebracho resins; phosphate derivatives of lignin, natural resinous
polymers, or quebracho resins; phosphonate derivative of lignin, natural resinous
polymers, or quebracho resins; sulfate derivatives of product formed by a reaction of (i)
at least one member selected from the group consisting of natural resinous polymer,

quebracho resin, tannins and lignin, and (ii) at least one member selected from the
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group consisting of C10-C24 fatty acids and Diel-Alder adducts of C10-C24 fatty acids;
sulfonate derivatives of product formed by a reaction of (i) at least one member
selected from the group consisting of natural resinous polymer, quebracho resin,
tannins and lignin, and (ii) at least one member selected from the group consisting of
C10-C24 fatty acids and Diels-Alder adducts of C10-C24 fatty acids; phosphate
derivatives of product formed by a reaction of (i) at least one member selected from the
group consisting of natural resinous polymer, quebracho resin, tannins and lignin, and
(ii) at least one member selected from the group consisting of C10-C24 fatty acids and
Diels-Alder adducts of C10-C24 fatty acids; phosphonate derivative of product formed
by a reaction of (i) at least one member selected from the group consisting of natural
resinous polymer, quebracho resin, tannins and lignin, and (ii) at least one member
selected from the group consisting of C10-C24 fatty acids and Diels-Alder adducts of
C10-C24 fatty acids; and combinations thereof.

9. The method of claim 7, wherein the amphoteric surfactant comprises a product formed
by a reaction of Diels-Alder adducts of C10-C24 fatty acids and a member selected from
the group consisting of polyethylene polyamines, lithium C-12 to C-24 alkyl
amidopropyl halide methyl carboxylate betaine, sodium C-12 to C-24 alkyl amidopropyl
halide methyl carboxylate betaines, potassium C-12 to C-24 alkyl amidopropyl halide
methyl carboxylate betaines, lithium C-12 to C-24 alkyl amidopropyl halide phosphate
betaines, sodium C-12 to C-24 alkyl amidopropyl halide phosphate betaines, potassium
C-12 to C-24 alkyl amidopropyl halide phosphate betaines, lithium C-12 to C-24 alkyl
amidopropyl halide sulphate betaines, sodium C-12 to C-24 alkyl amidopropyl halide
sulphate betaines, potassium C-12 to C-24 alkyl amidopropyl halide sulphate betaines,

and combinations thereof.

10. The method of claim 7, wherein the cationic surfactant comprises at least one member
selected from the group consisting of fatty imidoamines; fatty amidoamines, C-12 to C-
24 alkyl monoamines, C-12 to C-24 alkyl polypropylenepolyamines; polyoxyethylene C-
12 to C-24 alkyl monoamines; polyoxypropylene C-12 to C-24 alkyl monoamines;
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polyoxyethylene C-12 to C-24 alkyl polypropylenepolyamines; polyoxypropylene C-12
to C-24 alkyl polypropylenepolyamines; C-12 to C-24 alkyl aryl monoamines; C-12 to C-
24 alkyl aryl polypropylenepolyamines; C-12 to C-24 quaternary amines; amine
derivatives of tannins; amine derivatives of phenolic resins; amine derivatives of
lignins; amine-modified polyacrylates; a blend of C-12 to C-24 alkyl monoamines and C-

12 to C-24 alkyl polypropylenepolyamines; and combinations thereof.

11. The method of claim 7, wherein the nonionic surfactant comprises at least one member
selected from the group consisting of alkylaryl polyethylene oxide derivative of alkanol;
polypropylene oxide derivative of alkanol; polyethylene oxide derivative of alkanol;
polypropylene oxide derivative of alkanol; polyethoxylated surfactant;
polypropoxylated surfactant; sorbitan esters; monosaccharide derivative;
polysaccharide derivative; protein stabilizer; mechanical stabilizers; alkyl
polysaccharide; alkylphenol alkoxylate; fatty alcohol ethoxylate; fatty acid propoxylate;
ethoxylate of escinoleic acid; ethoxylate of castor oil; propoxylate of escinoleic acid;

propoxylate of castor oil; and combinations thereof.

12. The method of claim 1, wherein the surfactant package comprises at least one member
selected from the group consisting of polyethylene-polypropylene block copolymer;
hydroxypoly(oxyethylene) poly(oxypropylene) poly(oxyethylene) block copolymers;
1,2-propyleneglycol ethoxylated; 1,2-propyleneglycol propoxylated; synthetic block
copolymer of ethylene oxide and propylene oxide having molecular weights exceeding
300 g/mole; decyl alcohol ethoxylates; castor oil ethoxylate; ceto-oleyl alcohol
ethoxylate; ethoxylated alkanolamide; fatty alcohol alkoxylates; dinonyl phenol
ethoxylate, nonyl phenol ethoxylate; sorbitan ester ethoxylate; alkyl ether sulphate;
monoalkyl sulphosuccinamate; alkyl phenol ether sulphate; fatty alcohol sulphate; di-
alkyl sulphosuccinate; alkyl ether phosphate; alkyl phenol ether phosphate; alkyl
naphthalene sulphonate; a-olefin sulphonate; alkyl benzene sulphonic acids and salt,
alkyl ampho(di)acetate; alkyl betaine; alkyl polysaccharide; alkylamine ethoxylate;

amine oxide; oligomers of at least one monomer selected from the group consisting of

4()



CA 02702151 2013-07-30

acrylic acid, alkylacrylic acid, alkyl ester of acrylic acid, alkyl ester of alkylacrylic acid,
hydroxyalkyl ester of acrylic acid, hydroxyalkyl ester of alkylacrylic acid, acrylamide,
alkylacrylamide, N-alkyl acrylamide, N,N-dialkyl acrylamdide, N-
hydroxyalkylacrylamide, N,N-dihydroxyalkylacrylamide, styrene, alkylstyrene, ethene,
propene, higher order alkene, diene, hydroxylated propene, polyhyrdoxylated
polyalkene, halogenated ethylene, halogenated propylene, and halogenated alkylidene;
homopolymer of at least one monomer selected from the group consisting of acrylic
acid, alkylacrylic acid, alkyl ester of acrylic acid, alkyl ester of alkylacrylic acid,
hydroxyalkyl ester of acrylic acid, hydroxyalkyl ester of alkylacrylic acid, acrylamide,
alkylacrylamide, N-alkyl acrylamide, N,N-dialkyl acrylamdide, N-
hydroxyalkylacrylamide, N,N-dihydroxyalkylacrylamide, styrene, alkylstyrene, ethene,
propene, higher order alkene, diene, hydroxylated propene, polyhyrdoxylated
polyalkene, halogenated ethylene, halogenated propylene, and halogenated alkylidene;
copolymer of at least one monomer selected from the group consisting of acrylic acid,
alkylacrylic acid, alkyl ester of acrylic acid, alkyl ester of alkylacrylic acid, hydroxyalkyl
ester of acrylic acid, hydroxyalkyl ester of alkylacrylic acid, acrylamide, alkylacrylamide,
N-alkyl acrylamide, N,N-dialkyl acrylamdide, N-hydroxyalkylacrylamide, N,N-
dihydroxyalkylacrylamide, styrene, alkylstyrene, ethene, propene, higher order alkene,
diene, hydroxylated propene, polyhydroxylated polyalkene, halogenated ethylene,

halogenated propylene, and halogenated alkylidene; and combinations thereof.

. The method of claim 1, wherein the surfactant package comprises a salt of at least one
member selected from the group consisting of oligomers, co-oligomers, ter-oligomers,
tetra-oligomers, homopolymers, copolymers, terpolymers, and tetrapolymers of at least
one monomer selected from the group consisting of acrylic acid, alkylacrylic acid, alkyl
ester of acrylic acid, alkyl ester of alkylacrylic acid, hydroxyalkyl ester of acrylic acid,
hydroxyalkyl ester of alkylacrylic acid, acrylamide, alkylacrylamide, N-alkyl acrylamide,
N,N-dialkyl acrylamdide, N-hydroxyalkylacrylamide, N,N-dihydroxyalkylacrylamide,

styrene, alkylstyrene, ethene, propene, higher order alkene, diene, hydroxylated
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propene, polyhyrdoxylated polyalkene, halogenated ethylene, halogenated propylene,

halogenated alkylidene, and combinations thereof.

14. The method of claim 1, wherein the surfactant package comprises at least one member
selected from the group consisting of oligomeric ethyleneamine, oligomeric
polypropyleneamine, hexamethylene diamine, bis-hexamethylene diamine,
polyethylene polyamine, polypropylene polyamine, polyethylene/polypropylene
polyamine, distillation residue from polyalkylene polyamine manufacture, and higher
order polyalkylene polyamine; amido salt of at least one member selected from the
group consisting of ligomeric ethyleneamine, oligomeric polypropyleneamine,
hexamethylene diamine, bis-hexamethylene diamine, polyethylene polyamine,
polypropylene polyamine, polyethylene/polypropylene polyamine, distillation residue
from polyalkylene polyamine manufacture, and higher order polyalkylene polyamine;
monoethoxylate of at least one member selected from the group consisting of
oligomeric ethyleneamine, oligomeric polypropyleneamine, hexamethylene diamine,
bis-hexamethylene diamine, oligomeric aziridine, polyaziridine, polyethylene
polyamine, polypropylene polyamine, polyethylene/polypropylene polyamine,
distillation residue from polyalkylene polyamine manufacture, and higher order
polyalkylene polyamine; polyethoxylate of at least one member selected from the group
consisting of oligomeric ethyleneamine, oligomeric polypropyleneamine,
hexamethylene diamine, bis-hexamethylene diamine, oligomeric aziridine,
polyaziridine, polyethylene polyamine, polypropylene polyamine,
polyethylene/polypropylene polyamine, distillation residue from polyalkylene
polyamine manufacture, and higher order polyalkylene polyamine; monopropylate of at
least one member selected from the group consisting of oligomeric ethyleneamine,
oligomeric polypropyleneamine, hexamethylene diamine, bis-hexamethylene diamine,
oligomeric aziridine, polyaziridine, polyethylene polyamine, polypropylene polyamine,
polyethylene/polypropylene polyamine, distillation residue from polyalkylene
polyamine manufacture, and higher order polyalkylene polyamine; polypropylate of at

least one member selected from the group consisting of oligomeric ethyleneamine,
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oligomeric polypropyleneamine, hexamethylene diamine, bis-hexamethylene diamine,
oligomeric aziridine, polyaziridine, polyethylene polyamine, polypropylene polyamine,
polyethylene/polypropylene polyamine, distillation residue from polyalkylene
polyamine manufacture, and higher order polyalkylene polyamine; amido
monoethoxylate salt of at least one member selected from the group consisting of
oligomeric ethyleneamine, oligomeric polypropyleneamine, hexamethylene diamine,
bis-hexamethylene diamine, oligomeric aziridine, polyaziridine, polyethylene
polyamine, polypropylene polyamine, polyethylene/polypropylene polyamine,
distillation residue from polyalkylene polyamine manufacture, and higher order
polyalkylene polyamine; amido polyethoxylate salt of at least one member selected
from the group consisting of oligomeric ethyleneamine, oligomeric
polypropyleneamine, hexamethylene diamine, bis-hexamethylene diamine, oligomeric
aziridine, polyaziridine, polyethylene polyamine, polypropylene polyamine,
polyethylene/polypropylene polyamine, distillation residue from polyalkylene
polyamine manufacture, and higher order polyalkylene polyamine; amido
monopropylate salt of at least one member selected from the group consisting of
oligomeric ethyleneamine, oligomeric polypropyleneamine, hexamethylene diamine,
bis-hexamethylene diamine, oligomeric aziridine, polyaziridine, polyethylene
polyamine, polypropylene polyamine, polyethylene/polypropylene polyamine,
distillation residue from polyalkylene polyamine manufacture, and higher order
polyalkylene polyamine; amido polypropylate salt of at least one member selected from
the group consisting of oligomeric ethyleneamine, oligomeric polypropyleneamine,
hexamethylene diamine, bis-hexamethylene diamine, oligomeric aziridine,
polyaziridine, polyethylene polyamine, polypropylene polyamine,
polyethylene/polypropylene polyamine, distillation residue from polyalkylene
polyamine manufacture, and higher order polyalkylene polyamine; homolog of
hydroxylalkyl amine; amido salt of homolog of hydroxyalkyl amine; C-36 dimeric fatty
acid; C-54 trimeric fatty acid; polymeric C-36 dimeric fatty amide of at least one
member selected from the group consisting of oligomeric ethyleneamine, polyethylene

polyamine, oligomeric propylamine, polypropylene polyamine, the distillation residue
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from polyalkylene polyamine manufacture, and higher order polyalkylene polyamine;
amido salt of polymeric C-36 dimeric fatty amide of at least one member selected from
the group consisting of oligomeric ethyleneamine, polyethylene polyamine, oligomeric
propylamine, polypropylene polyamine, the distillation residue from polyalkylene
polyamine manufacture, and higher order polyalkylene polyamine; polymeric C-54
trimeric fatty amide of at least one member selected from the group consisting of
oligomeric ethyleneamine, polyethylene polyamine, oligomeric propylamine,
polypropylene polyamine, the distillation residue from polyalkylene polyamine
manufacture, and higher order polyalkylene polyamine; amido salt of polymeric C-54
trimeric fatty amide of at least one member selected from the group consisting of
oligomeric ethyleneamine, polyethylene polyamine, oligorrieric propylamine,
polypropylene polyamine, the distillation residue from polyalkylene polyamine
manufacture, and higher order polyalkylene polyamine; hydroxystearic acid; oligomer
of hydroxystearic acid; polymeric hydroxystearic acid; hydroxystearic amide;
oligomeric hydroxystearic amide; polymeric hydroxystearic amide; salt of
hydroxystearic amide; salt of oligomeric hydroxystearic amide; salt of polymeric
hydroxystearic amide; polyalkylenepolyamine bisamide of at least one member
selected from the group consisting of C-12 to C-24 fatty acid and Diels-Alder adducts of
C-12 to C-24 fatty acid; amido salt of polyalkylenepolyamine bisamide of at least one
member selected from the group consisting of C-12 to C-24 fatty acid and Diels-Alder
adducts of C-12 to C-24 fatty acid; dialkylarylamine; amido salt of dialkylarylamine; and

combinations thereof.

15. The method of claim 1, wherein the surfactant package comprises at least one member

selected from the group consisting of:

ethoxytrimethyleneamine derivatives of C-12 to C-24 fatty amines of structure
(I}); hydroxystearic ethoxytrimethyleneamide derivatives of C-12 to C-24 fatty
amines of structure (I); oligomeric hydroxystearic ethoxytrimethyleneamide

derivatives of C-12 to C-24 fatty amines of structure (I); polymeric
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hydroxystearic ethoxytrimethyleneamide derivatives of C-12 to C-24 fatty

amines of structure (1I);
STRUCTURE (1)

(CH2CH2-0)x —(CH2-CHz-CH2-NH)a-CH2-CHz-CH2-NH;

/
R-N

\
(CH2CHz-0), — (CH2-CHa-CHz-NH)p-CHz-CH2-CH2-NH;

wherein
R = saturated or unsaturated aliphatic C-12 to C-24 having linear, branched, or cyclic
structure;
X+y=22;and

a,b=0;

propoxytrimethyleneamine derivatives of C-12 to C-24 fatty amines of structure
(I1); hydroxystearic ethoxytrimethyleneamidé derivatives of C-12 to C-24 fatty
amines of structure (II}; oligomeric hydroxystearic ethoxytrimethyleneamide
derivatives of C-12 to C-24 fatty amines of structure (II); polymeric
hydroxystearic ethoxytrimethyleneamide derivatives of C-12 to C-24 fatty

amines of structure (II);

STRUCTURE (II)

CHs

|
(CH2CH2-0)x —(CH2-CH2-CH2-NH)a-CH2-CH2-CH2-NH>

R-N

\
(CH2CH2-0)y — (CH2-CH2-CH2-NH)b-CH2-CHa-CH2-NH>

|
CHs
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wherein
R = saturated or unsaturated aliphatic C-12 to C-24 having linear, branched, or cyclic
structure;
X+y=22;and
a,bz=0;

aliphatic diakylamine of structure (I1I); amido salt of aliphatic diakylamine of

structure (11I);

STRUCTURE (111)
Rl
\
N-H
/
R2
wherein

R1, R2 = saturated or unsaturated C-12 to C-24 moieties having linear, branched, or

cyclic structure;

quaternary amine of structure (1V); amido salt of quaternary amine of structure

(IV);
STRUCTURE (IV)
R! R?
NN /
N X
O <0
R’ R?
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wherein

R1, RZ = saturated or unsaturated aliphatic C-12 to C-24 moieties having linear,
branched, or cyclic structure;
R3, R*= methyl or higher order homolog of saturated or unsaturated aliphatic C-12

to C-24 moieties having linear, branched, or cyclic structure; and

X = halide;

quaternary amine of structure (V); amido salt of quaternary amine of structure (V);

and combinations thereof.

STRUCTURE (V)

wherein:

R1, R? = saturated or unsaturated aliphatic C-12 to C-24 moieties having linear,

branched, or cyclic structure;

R3, R* = ethoxy moieties, propoxy moieties, or combinations thereof; and

X = halide.

16. The method of claim 1, wherein the aggregate comprises at least one member selected
from the group consisting of dense-graded aggregate, gap-graded aggregate, open-
graded, stone-matrix aggregate, reclaimed asphalt paving material, reclaimed roofing

shingles, and combinations thereof.

17. A method of applying a bituminous composition to a surface to be paved, the method

comprising:
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producing the bituminous composition by a process comprising:
a.  preparing a solvent-free, water-in-oil bitumen dispersion comprising, by total
weight of the dispersion:
I.  bitumen in an amount from 75.0% to 95.0% by weight,
iI.  asurfactant package in an amount from 0.05% to 2% by weight, the
surfactant package being characterized by an interfacial tension
between bitumen and water of less than 40 dynes/cm at a
temperature of 26° C and at an aqueous concentration of less than
0.1% weight, and
111, water in an amount from 3.0% to 24.95% weight;
b.  heating the bitumen dispersion to a temperature range of 75°C to 95°C;
c. heating aggregate to a temperature range of 60°C to 140°C; and
d. mixing the heated bitumen dispersion and the heated aggregate to provide the
bituminous composition comprising, by total weight of the bituminous
composition:
(a) the bitumen in an amount of 1.5% to 9.5% by weight,
(b) the surfactant package in an amount of 0.001% to 0.2% by weight;
(c) the water in an amount of 0.06% to 2.5% by weight; and
(d) the aggregate in an amount of 90.0% to 98.0% by weight; and

applying the bituminous composition to the surface to be paved.

18. The method of claim 17, wherein the bituminous composition is produced at a

temperature above 100°C.

19. The method of claim 17, wherein the bituminous composition is produced at a

temperature range of 50°C to 140°C.

20. The method of claim 17, wherein the bituminous composition is applied to the surface

to be paved at a temperature range of 50°C to 120° C.
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FIGURE 1

(CH,CH,-0), —(CH,-CH,-CH,-NH),-CH,-CH,-CH,-NH

R-N
\ - - t
CH2CH2*O)y — (CHQ’CHz‘CHZ‘NH)b'CHQ‘CHQ'CHQ‘N}IZ |

wherein, ‘

R = saturated or unsaturated aliphatic C-12 .to' C-24 having linear, branched, or cyclic
structure; . N ‘

X +y =2; and

a, b >0
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FIGURE 2

 CH;
|
(CH,CH,-0), —(CH,-CH,-CH,-NH),-CH,-CH,-CH,-NH,
R-N
\ ' ,
(CH,CH,-0)y — (CHa-CH,-CH,-NH),-CH,-CH,-CH,-NH,

|
CH;

whereln,

R= satm*éted or unsaturated alip-hatic C-12 to C-24 having linear, branched, or cyclic
structure;

X +y =22; and

a, b =0
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FIGURE 3

- wherein,

R! R? = saturated or unsaturated C-12 to C-24 moieties having linear, branched, or

cyclic structure
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FIGURE 4

- whereiln,

R' R® = saturated or unsaturated aliphatic C-12 to C-24 moieties having linear, branched,

or cyclic structure; and

'R’, R*= methyl or higher order homo logs of saturated or unsaturated aliphatic C-12 to C-

24 moieties having linear, branched, or cyclic structure
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S/

FIGURE 5

wherein,

R! R? = saturated or unsaturated aliphatic C-12 to C-24 moieties having linear, branched,

and cyclic structure; and

R, R* = ethoxy moieties, propoxy moieties, or combinations thereof.



CA 02702151 2010-04-30

&
717
FIGURE 7
o WATER-IN-OIL
[ - BITUMINOUS
Auxiliary DISPERSION
Additive LAB GENERATION
Tank (for UNIT .
latex, '
thickener, |
etc.) ]
] - — s e ]
! .
| Surfactant . : |
- Variable Speed
Tank Variable- .
(containing Speed Bitumen Pump
Surfactant Surfactant
package in Pump |
pH-adjusted Static | |
water) In-Line Mixer Bitumen

~ Tank

m = Check Valve
D<| = Valve '

Water-in-Qil Bituminous Dispersion
Discharge Port into Mixing Unit




Auxiliary
Additive
Tank (for
latex,
thickener,
etc.)

Surfactant
Tank
{containing
Surfactant
package in
pH-adjusted

4 I water)

m = Check Valve
l><| = Valve

Variable
Speed
Surfactant
Pump

\
Static
In-Line Mixer

Water-in-0il Bituminous Dispersion
Discharge Port into Mixing Unit

WATER-IN-OIL
BITUMINOQUS
DISPERSION

LAB GENERATION
UNIT

Variable Speed
Bitumen Pump

Bitumen
Tank




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - abstract drawing

