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Description
BACKGROUND OF THE INVENTION
Field Of Invention
[0001] This invention relates to bituminous compositions, methods of producing the same, and pavement made from
said bituminous compositions. More particularly, the invention relates to the production of bituminous compositions

formulated with solvent-free bitumen emulsions which exhibit controllable, temperature-dependent interfacial rheology.

Description of the Related Art

[0002] Cold mix paving compositions are made by mixing bitumen emulsion with aggregate at ambient temperature
(i.e., temperature less than about 40°C). However, certain problems have traditionally been associated with the use of
such compositions where no solvent is present. For example, when one employs a slow-setting bitumen emulsion in
the construction of load-bearing pavements the pavement is slow to cure and develop sufficient strength values adequate
to support heavy traffic and to resist moisture damage. However, the use of a quick-setting bitumen emulsion often leads
to premature breaking of the emulsion during handling and compaction (resulting in the formation of high air voids).
[0003] Various methods have been employed in attempts to accelerate the strength development of asphalt cold mixes
made with bitumen emulsions. A number of these methods rely principally on shifting the pH of the emulsion or of the
entire system to initiate or accelerate the break and coalescence of emulsion. U.S. Patent No. 4,008,096 to Knapp (which
is hereby incorporated by reference) is exemplary of this approach, teaching the injection of pH-shifting agents to initiate
the coalescence of the emulsion.

[0004] However,these methods sufferfrom alack of control of the timing of the pH-shifting chemistry. In any construction
process involving bitumen emulsions, the premature breaking or coalescence of the bitumen emulsions adversely affects
performance in production, handling, transport, and other end-use application operations. Prematurely broken emulsions
often fail to adequately coat aggregate and generally result in high-viscosity bitumen-aggregate mixtures which can be
troublesome to discharge from trucks, may excessively stick to paving equipment, and which can be difficult to compact
to required pavement densities. Thus, the failure to effectively control the timing of the pH-shifting chemistry commonly
leads to premature rupture of the bitumen emulsion and a cascade of undesirable effects on mix processing and pavement
applications.

[0005] Attempts have been made to control the initiation of pH-shifting chemistries in bitumen emulsions. For example,
U.S. No. 5,256,195 to Redelius (which is hereby incorporated by reference) teaches the use of anionic invert emulsions
containing breaking agents in the aqueous phase of the water-in-oil emulsion in combination with slow-setting cationic
emulsions as the main mixing and coating emulsion. Upon mechanical action of compaction the invert emulsion ruptures
to expose the alkaline aqueous phase to the cationic mixing emulsion, thereby shifting the pH of the system and initiating
emulsion break. Those skilled in the art recognize that the use of mineral oils and other solvents (i.e., so-called "cutter
stocks") can lead to improvements in compactability. However, the use of cutter stocks can also result in decreases in
the early compressive strength of compacted pavement. Dosages of cutter stocks as little as 0.1 % by weight of the
emulsion often decreases the compacted pavement compressive strength until such time as the cutter stock has evap-
orated into the atmosphere.

[0006] The formulation and production of fast-breaking bituminous emulsions by the use of rapid-setting (or spray-
grade) or quick-setting emulsifiers is generally known (e.g., U.S. Patent No. 4,338,136 to Goullet, et al., which is hereby
incorporated by reference). However, approaches of this nature suffer from two drawbacks which make them unsuitable
for construction of load-bearing asphalt pavements that exhibit complete aggregate coating, compact to required densities
in the field, and develop strength rapidly. First, at ambient temperatures rapid-setting emulsions do not adequately coat
dense-graded aggregates commonly used in construction of dense-graded, load-bearing pavements, because such
rapid-setting emulsions tend to break immediately upon contact with mineral aggregate surface. The term "rapid-setting"
is a defining characteristic of such emulsions (i.e., they immediately rupture and liberate water upon contact with mineral
aggregate). Second, at ambient temperatures the immediate break of a rapid-setting emulsion produces a mix with high
viscosity. The failure to adequately compact leads to low density pavements which fail under traffic due to deformation,
disintegration, and/or, pot-hole formation (as water passes through the low density layer into the base where supporting
pavement layers are degraded).

[0007] Quick-setting emulsions are not suitable for the production of load-bearing asphalt pavement compositions at
ambient temperatures for similar reasons. The use of large volumes of water beyond that present in the emulsion to
promote coating of aggregate with quick-setting emulsions is not a feasible technique in the production of load-bearing
pavements. First, load-bearing pavements are much thicker than the non-load-bearing surfaces produced by slurry seal
coatings and micro-surfacings. The thicker load-bearing pavements must be compacted to densify the mixture, as
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insufficient density can lead to rapid failure of load-bearing pavements due to deformation, disintegration, and pot-hole
formation. Large water volumes prevent compaction in thick, load-bearing pavements to required densities because
water is incompressible. Moreover, quick-setting emulsions develop high viscosity when stressed by high shear rate
events such as compaction. As disclosed in U.S. patients Nos. 4,462,840 and 5,085,704, incorporated hereby by refer-
ence, retarders are generally needed to slow down the break of quick-setting emulsion systems so that the materials
might be handled and placed upon the intended construction surface prior to the development of such cohesive strength
that they do not flow or cannot be spread.

[0008] Slow-setting emulsifiers are commonly employed in the production at ambient-temperature of emulsion-based
road paving compositions for load bearing pavements. Slow-setting emulsifiers produce bituminous emulsions which
require little or no water to completely coat the aggregate surface. Moreover, the slow-setting nature of the emulsion
yields a road paving composition with a controlled coalescence rate, so that the road paving mixture does not increase
in viscosity to a point that it is unsuitable for handling, hauling, or compaction. With highly dense, high-fines aggregate
gradations, slow-setting emulsions do not break either prior to or during compaction, thereby rendering the mixture easy
to compact at ambient temperatures. However, pavement compositions made at ambient-temperature with slow-setting
bituminous emulsions are very slow to develop adhesion and cure to strengths sufficient to bear the stress of heavy traffic.
[0009] In contrast to cold mix paving compositions, hot mix paving compositions do not contain bitumen emulsions,
but are instead produced by mixing non-emulsified bitumen with aggregate at elevated temperatures (usually in excess
of 140°C). The two most common hot mix facilities, drum mix plants and batch plants, heat aggregate in a rotating kiln
to extremely high temperatures to drive off all water adsorbed to the aggregate, as well as all water absorbed within the
surface pores of the aggregate. Quantitative removal of water is required (1) to ensure complete aggregate coating and
(2) to ensure that the finished hot mixture of aggregate and bitumen shows no moisture sensitivity in the finished pavement
layer once it is transported, laid down, and compacted.

[0010] Hot, dry aggregate produced in conventional hot mix operations is mixed with bitumen (which is previously
liquefied by heating to temperatures far in excess of its melting point) to produce what is known in the industry as the
"hot mix asphalt." Hot mix asphalts generally must be produced, laid down, and compacted at temperatures in excess
of about 160°C, as the compactability of the hot mix asphalt depends on the temperature. If the mix cools, the asphalt
viscosity increases and the mixture cannot be compacted to the design density (known as percent air voids). When a
hot asphalt-aggregate mixture cools to temperatures below about 85°C, the handling, placement, and compaction of
the mixture become extremely difficult and design densities (air voids) cannot be realized.

[0011] EP 1,291,391A discloses a method for producing a bituminous composition comprising bitumen emulsion,
aggregate and a hydraulic binding agent comprising blast furnace sand and/or slag powder. The bitumen is a soft bitumen
and an Example discloses an emulsion containing 5.4 wt % bitumen. As an alternative to the use of emulsified bitumen,
there is a teaching to mix soft bitumen with moist aggregate heated to 60°C to 80°C. Elsewhere in EP 1,291,391A, there
is a teaching to mix bitumen emulsion with "aggregate heated to a suitable temperature" but no further details of suitable
temperatures are given.

[0012] GB 519,119 discloses aqueous bitumen emulsions for road paving in which the adhesion to aggregate is
improved by the prior addition of heavy metal compounds of organic acids to the bitumen. Hard bitumens (eg 85-100
penetration value) are disclosed. Details of the bitumen concentration in the emulsion and the preparation conditions of
the emulsion are not given.

[0013] An object of the present invention is to produce bituminous compositions, using eg rapid-setting and/or quick-
setting emulsifiers, which exhibit substantially complete aggregate coating, compact to required densities in the field,
and which rapidly develop load-bearing strength.

SUMMARY OF THE INVENTION

[0014] In accordance with one aspect, the invention provides a method for producing a bituminous composition com-
prising bitumen emulsion and aggregate by the steps of:

(A) preparing a solvent-free bitumen emulsion comprising:
(1) bitumen, in an amount from about 50.0% to about 75.0% by total weight of the bitumen emulsion,
(2) an emulsifierin an amount from about 0.05% to about 2.0% active by total weight of the bitumen emulsion, and
(3) water in an amount to complete the bitumen emulsion, and

(B) producing the bituminous composition having a temperature from about 50°C to about 140°C by mixing

(1) the bitumen emulsion of step (A), having a temperature from about 25°C to about 95°C, in an amount from
about 2 0% to about 10.0% by total weight of the bituminous composition, and
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(2) aggregate, having a temperature from about 60°C to about 140°C, in an amount from about 90.0% to about
98.0% by total weight of the bituminous composition,

wherein said bitumen in said emulsion is an 80/100 or harder bitumen.

[0015] In accordance with another aspect of the invention, these bituminous compositions are used in paving appli-
cations.

[0016] In accordance with another aspect, the invention extends to a paved road produced by the above use.
[0017] Preferred features are defined in the dependent claims.

[0018] The bituminous compositions can be made by controlling temperature-dependent interfacial rheology in a broad
range of solvent-free, high-residue bitumen emulsions containing bitumen. To produce the solvent-free bitumen emul-
sions in these paving compositions, emulsifiers are employed with structural characteristics that impart low interfacial
viscosity, low Marangoni effect, and high interfacial bitumen solubility, at elevated temperatures. The use of bitumens
in these emulsions with solubility parameters comparable with those of the emulsifier is preferred. The improved com-
bination of emulsifiers, with structural attributes that impart improved control of interfacial stability and rheology in solvent-
free bitumen emulsions at elevated temperatures relative to ambient cold mix technologies and at reduced temperatures
relative to hot mix technologies, leads to load-bearing road paving compositions with improved densification and accel-
erated strength development in the compacted state.

[0019] Such solvent-free bitumen emulsions, which are based on 80/100 or harder bitumens, exhibit controllable,
temperature-dependent interfacial rheology, and can be used to fully coat aggregate, thereby producing bituminous
compositions suitable for the construction of load-bearing pavements that exhibit improved compaction to densities
similar or superior to those achieved in hot mix asphalt compositions and achieve cure rates to traffic-ready strengths
far in excess of those achieved with compacted, conventional cold emulsion-based paving compositions and equal or
superior to those of compacted, hot mix paving compositions.

[0020] When employed in paving applications, these bituminous compositions develop adhesive strength and load-
bearing strength properties at rates comparable to traditional hot mix paving compositions and at rates faster than
traditional cold mix paving compositions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] For a better understanding of the invention, reference may be made to the accompanying drawings wherein
FIGs 1, 2, and 3 demonstrate the effect of exposing bitumen emulsions to increasing shear stresses, thereby illustrating
the high shear stability at elevated temperature (e.g, 60°C-80°C) exhibited by the bitumen emulsions of the present
invention.

FIG. 1 shows the shear stress evaluation of a solvent-free bitumen emulsion produced in Example 1 containing
0.5% by total weight of bitumen emulsion (bwe) of emulsifier (tallow polyalkylenepolyamines) at 60% residue of
PG70-22 bitumen,

FIG 2 shows the shear stress evaluation of a bitumen emulsion produced in Example 8 containing 1.0% bwe of
emulsifier (modified tall oil fatty acid condensate of polyethylene polyamine) at 60% residue of PG64-22 bitumen; and
FIG. 3 shows the shear stress evaluation of a bitumen emulsion produced in Example 9 containing 0.75% bwe of
emulsifier (a blend of modified and unmodified C16-C18 fatty acid condensate of polyethylene polyamine) at 60%
residue of PG70-22 bitumen.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The presentinvention now will be described more fully hereinafter with reference to the accompanying drawings,
in which some, 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 embodiments
are provided so that this disclosure will satisfy applicable legal requirements.

[0023] In the present invention, from about 50% to about 75% (preferably from about 60% to about 70%) by total
weight of the bitumen emulsion comprises at least one 80/100 or harder bitumen. In addition to bitumens that are suitable
for use in the present invention, modified bitumens, and combinations thereof, can be used. Suitable "bitumens" and
"modified bitumens" are those 80/100 or harder bitumens which exhibit rheological properties that are appropriate for
paving applications under specific climatic conditions, for example, those which conform to the Strategic Highway Re-
search Program (SHRP) pavement binder specifications. The bitumen component may be naturally occurring bitumens
(such as Trinidad Lake asphalt and the like), or derived from crude oil. Also petroleum pitches (such as asphalt) obtained
by a cracking process and coal tar can be used as well as blends of bituminous materials.

[0024] Any additive which is traditionally added to bitumen to produce a modified bitumen meeting property specifi-
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cations and performance standards (such as SHRP) are suitable. Such additives include, but are not limited to, natural
rubbers, synthetic rubbers, plastomers, thermoplastic resins, thermosetting resins, elastomers, and combinations thereof.
Examples of these additives include styrene-butadiene-styrene (SBS), styrene-butadiene-rubber (SBR), polyisoprene,
polybutylenes, butadiene-styrene rubbers, vinyl polymers, ethylene vinyl acetate, ethylene vinyl acetate derivatives,
neoprene and the like. It is preferred that the modified bitumen contain at least one member selected from the group
consisting of styrene-butadiene-styrene, styrene-butadiene-rubber, sulfur-modified bitumen, acid-modified bitumen and
combinations thereof. It is well within the ability of a skilled artisan to produce modified bitumen containing the noted
additives.

[0025] Where desired, additional additives traditionally employed in the production of bitumen emulsions may be
incorporated into the aqueous phase of the bitumen emulsion in order to adjust the characteristics of the finished mix.
Suitable additives include styrene-butadiene-rubber latex, polyisoprene latex, neoprene, associative thickners, starches,
salts, and the like.

[0026] From about 0.05% to about 2.0% (preferably from about 0.1% to about 0 75%, and more preferably from about
0.08% to about 0.5%) by total weight of the bitumen emulsion used in the method of the present invention is comprised
of at least one emulsifier. Suitable emulsifiers include, amphoteric emulsifiers, cationic emulsifiers, nonionic emulsifiers
and combinations thereof.

[0027] Bitumen emulsions are of the oil-in-water type, they consist of a suspension of bituminous particles dispersed
in the water phase These particles have, in the case of cationic emulsions, a positive charge. The pH of cationic emulsions
is below pH 7.0. As the term implies, amphoteric emulsifiers are characterized by the capacity to lower interfacial tensions
between dissimilar materials (e.g, bitumen and water) at pH values both above and below 7.0. The charge of the disperse-
phase oil droplets in amphoteric emulsions may be either positive or negative. It is well within the ability of those skilled
in the art to combine the bitumen and the emulsifiers taught herein to prepare the solvent-free bitumen emulsions used
in the method of the present invention.

[0028] Ionic emulsifiers which are suitable for use in the present invention include amphoteric emulsifiers, cationic
emulsifiers, and combinations thereof.

[0029] As used herein the term "amphoteric emulsifiers" includes both mono-amphoteric and polyamphoteric emulsi-
fiers Amphoteric emulsifiers which are suitable for use in the present invention include, but are not limited to, the following
C-12 to C-24 (preferably C-16 to C-18) fatty acids, rosin acids, and combinations thereof modified with acrylic acid,
maleic anhydride, fumaric acid, and/or other ene- and dieneophiles and further reacted with polyethylene polyamines,
lithium C-12 to C-24 alkyl amidopropyl halide methyl carboxylate betaines, 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 amidopropy! halide sulphate betaines, potassium C-12 to C-24 alkyl
amidopropyl halide sulphate betaines.

[0030] Cationic emulsifiers which are suitable for use in the present invention include, but are not limited to, the
following: fatty imidazolines derived from C-12 to C-24 fatty acids, fatty imidoamines derived from C-12 to C-24 (preferably
C-16 to C-18) fatty acids, rosin acids, and combinations thereof modified with maleic anhydride, fumaric acid, and/or
other ene- and dieneophiles and further reacted with polyalkylenepolyamines; fatty amidoamines derived from C-12 to
C-24 (preferably C-16 to C-18) fatty acids, rosin acids and combinations thereof modified with acrylic acid, maleic
anhydride, fumaric acid, and/or other ene- and dieneophiles and further reacted with polyalkylenepolyamines; saturated
C-12 to C-24 alkyl monoamines, unsaturated C-12 to C-24 alkyl monoamines, saturated C-12 to C-24 alkyl polypropyl-
enepolyamines; unsaturated C-12 to C-24 alkyl polypropylenepolyamines; saturated C-12 to C-24 alkyl monoamines
modified by reaction with ethylene oxide and/or propylene oxide to give polyoxyethylene derivatives; unsaturated C-12
to C-24 alkyl monoamines modified by reaction with ethylene oxide and/or propylene oxide to give polyoxyethylene
derivatives; saturated C-12 to C-24 alkyl polypropylenepolyamines modified by reaction with ethylene oxide and/or
propylene oxide to give polyoxyethylene derivatives; unsaturated C-12 to C-24 alkyl polypropylenepolyamines modified
by reaction with ethylene oxide and/or propylene oxide to give polyoxyethylene derivatives; 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 polypropylenep-
olyamines, unsaturated C-12 to C-24 alkyl aryl polypropylenepolyamines; C-12 to C-24 quaternary amines; C-12 to C-
24 alkyl ether amines; C-12 to C-24 alkylether polyamines; C-12 to C-24 alkyl polypropylene polyamine N-oxides; amine
derivatives of tannins, amine derivatives of phenolic resins; amine derivatives of lignins, amine-modified polyacrylates;
and combinations thereof. It is preferred that the cationic emulsifier be a member selected from the group consisting of
saturated C-12 to C-24 alkyl monoamines, unsaturated C-12 to C-24 alkyl monoamines, saturated C-12 to C-24 alkyl
polypropylenepolyamines, unsaturated C-12 to C-24 alkyl polypropylenepolyamines, and combinations thereof. It is
further preferred that the cationic emulsifier be a blend of at least one member selected from the group consisting of
saturated and unsaturated C-12 to C-24 alkyl monoamines with at least one member selected from the group consisting
of saturated and unsaturated C-12 to C-24 alkyl polypropylenepolyamines. As used herein, the term "cationic emulsifiers"
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includes the above-noted compounds and their derivatives.

[0031] The emulsifiers not only convey the high-temperature shear-stability needed for mixing (and subsequent com-
pacting) of the bituminous compositions, but also impart a high viscosity to the bitumen emulsion (so that no thickener
is needed for emulsion stability or for increased film coating on the aggregate) to enhance bitumen wetting of the
aggregate surface, and to lower interfacial tension between the bitumen film and aggregate (so that a strong adhesive
bond is maintained and water damage to the pavement is prevented).

[0032] Emulsifier formulations are further classified as rapid-setting (i.e., spray-grade), quick-setting, and slow-setting
depending on the speed with which a given emulsion, using an economical dosage of emulsifier, will break upon contact
with mineral aggregate. While rapid-setting, quick-setting, and slow-setting emulsifiers are suitable for use in the present
invention, it is preferred to employ rapid-setting or quick-setting emulsifiers. It is further preferred to employ rapid-setting
emulsifiers with dense-graded aggregate. This preference arises from the need to control such emulsion properties as
the 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 emulsifier dosages. Quick-setting and slow-setting
emulsifiers require higher dosages and do notimpart the target interfacial properties in the finished emulsion. Additionally,
high emulsifier dosages are costly, contribute to low rates of compressive strength development, and increase moisture
sensitivity in the finished pavement.

[0033] It is preferred that the bitumen emulsion be solvent-free. Environmental concerns have driven the reduction,
up to elimination, of organic solvents from paving bitumen emulsions. However, for technical reasons total elimination
has not been available in all paving applications prior to the availability of the present invention. Thus, in certain districts
the term "solvent-free" is defined to include a minor portion of organic solvents. For example, "solvent-free" has at one
time been defined in the state of Pennsylvania to include up to 4% organic solvents. For the purposes of this invention,
therefore, where desired the bitumen emulsion may contain at least one solvent (such as naphtha, kerosene, diesel,
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
temperatures. Where added, it is preferred in the present invention that the level of solvent be less than about 1.0% by
total weight of the bitumen emulsion. As used herein, the term "ambient temperatures" means an environmental tem-
perature of less than about 40°C.

[0034] Where desired, the bitumen emulsions utilised in the present invention may be stored at temperatures in the
range of about 60°C to about 80°C for prolonged periods of time without adversely affecting the particle size distribution
of the emulsions.

[0035] The bituminous compositions are produced by the method of the present invention at a temperature in the
range of 50°C to 140°C (preferably in the range of 55°C to 120°C, and more preferably in the range of 60°C to 80°C)
by mixing from about 2.0% to about 10% by total weight of the bituminous composition of the bitumen emulsion at a
temperature in the range of 25°C to 95°C (preferably in the range of 60°C to 80°C), and from 90% to about 98% by total
weight of the bituminous composition of aggregate at a temperature in the range of 60°C to 140°C (preferably in the
range of 60°C to 120°C). It will be understood by those skilled in the art that the bitumen emulsion may be mixed cold
(e.g., at ambient temperatures) and then heated.

[0036] Aggregateusedinpaving materialsandroad construction, road rehabilitation, road repair, and road maintenance
are derived from natural and synthetic sources. As in any constriction process, aggregate 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 is
key to successful road construction is gradation, which refers to the percent 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 exhibit the greatest mineral surface area (per unit of aggregate). Open-graded aggregate
largely consist of a single, large-sized (e.g., around 9.5 to0 25.4 mm (0.375 to 1.0 inch)) stone with very low levels (typically
less than about two percent of the total aggregate) of fines (material less than 6.4 mm (0.25 inch)) or filler (mineral
material less than 0.075 mm). Gap graded aggregate fall between dense-graded and open-graded classes. Reclaimed
asphalt pavement (RAP) material generally reflects the gradation of the pavement from which the reclaimed material
was obtained. If the original pavement was a dense-graded mix, the RAP will also be dense graded, although the filler
content is generally observed to be lower than the design limits of the origin aggregate specifications.

[0037] Any aggregate which is traditionally employed in the production of bituminous paving compositions is suitable
for use in the present invention, including dense-graded aggregate, gap-graded aggregate, open-graded aggregate,
reclaimed asphalt pavement, and mixtures thereof. Aggregate which is not fully dried can be employed in the present
invention.

[0038] Where used in paving applications, it is preferred that the bituminous compositions produced by the method
of the present invention be applied to the surface to be paved at a temperature in the range of about 50°C to about
120°C (preferably in the range of about 55°C to about 100°C, and more preferably in the range of about 60°C to about
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80°C).

[0039] Once applied to the surface to be paved, the bituminous compositions can be compacted as desired using any
of the compaction methods traditionally employed for paving applications. It is preferred that the applied bituminous
compositions be compacted to an air void content comparable to hot mix pavement compositions made at temperatures
exceeding 140°C having substantially equivalent aggregate gradation and bitumen content.

[0040] Likewise, itis further preferred that the applied bituminous compositions be compacted to an air void content
lower than comparable cold mix pavement compositions made at ambient temperatures (i.e , temperatures less than
about 40°C) having substantially equivalent aggregate gradation and bitumen content.

[0041] It is also further preferred that the applied bituminous compositions be compacted to develop load-bearing
strength at a rate comparable to hot mix pavement compositions made at temperatures exceeding 140°C having sub-
stantially equivalent aggregate gradation and bitumen content.

[0042] Likewise, it is also further preferred that the applied bituminous compositions be compacted to develop load-
bearing strength at a faster rate than that developed by comparable cold mix pavement compositions made at ambient
temperatures having substantially equivalent aggregate gradation and bitumen content.

[0043] Strength development in cold mix pavement compositions is a function of the development of adhesion between
bitumen and aggregate. It is, therefore, preferred that the applied bituminous compositions be compacted to develop
adhesion between bitumen and aggregate at a faster rate than that developed by comparable cold mix pavement
compositions made at ambient temperatures having substantially equivalent aggregate gradation and bitumen content.
[0044] The use aspectof the presentinvention is suitable for use in thin lift overlay paving 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 corre-
sponding temperatures in the field to an existing, damaged or distressed pavement surface. The current thin lift technology
using hot-mix bituminous compositions commonly suffers from two chief deficiencies. The hot bituminous compositions
tend to cool quickly, making it difficult to extend (i.e., spread) onto the existing pavement surface (at ambient temperatures)
that is in need of maintenance or repair. This rapid cooling of the thin lift of hot bituminous material can cause compaction
difficulties. The problems that arise in construction (e g, extension, spreading, and compaction) due to rapid cooling
can be aggravated by the use of polymer-modified bitumens. Polymer-modified bitumens have viscosities higher than
unmodified bitumens at a given temperature. Thus, hot-mix bituminous compositions (mixtures with aggregate) made
with polymer-modified bitumens are more viscous than equivalent bituminous compositions made with unmodified bi-
tumen at a given construction temperature. As a consequence of this increased viscosity and increased resistance to
flow, a thin lift bituminous composition made with polymer-modified bitumen can exhibit even greater problems in handling
and construction as the material cools rapidly.

[0045] Where desired, the method of the present invention can be employed in the production of bituminous paving
blocks. In this technology, bitumen emulsion and aggregate are mixed to form a bituminous composition that is cast in
molds, compacted, and allowed to cure. The cured blocks (or bricks) are used to construct pavements.

[0046] Where used in the production of bituminous paving blocks, it is preferred that the bituminous compositions of
the present invention be cast in the mold and compacted at a temperature in the range of about 50°C to about 120°C
(preferably in the range of about 55°C to about 100°C, and more preferably in the range of about 60°C to about 80°C).
[0047] 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
obtained by the method of the present invention, the use aspect of the present invention offers improvements over the
construction of these blocks using traditional cold mix paving compositions.

[0048] Bituminous compositions produced by the method of the present invention should be maintained at a temper-
ature in the range of about 50°C to about 120°C (preferably in the range of about 55°C to about 100°C, and more
preferably in the range of about 60°C to about 80°C) for the period of time between the production of the bituminous
compositions and their use in paving applications. It is preferred that the bituminous compositions be maintained at
these temperatures in closed systems (such as relatively large stockpiles, storage silos, covered transport vehicles, and
the like) to prevent evaporation of moisture.

[0049] Equipment traditionally utilized in the production of asphalt emulsion mixes include pug mills of either batch or
continuous variety. Pug mills impart high shear to the emulsion as it is ground with coarse aggregate, fines, and filler.
Hot mix asphalt compositions are typically produced in continuous or batch operations. Continuous plants typically use
drum mixtures of either parallel flow or counter flow variety. These mixers are high shear mixers as aggregate (which
is heated in the drum or batch mixer to the specified process, temperatures) tumbles down the inclined drum and as
bitumen emulsion is sprayed onto the warm aggregate. The emulsion treated aggregate also tumbles downward through
the drum mixer. The interior 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. While it is preferred to employ drum mixers or batch mixers in the method of
the present invention, any method of mixing bitumen emulsion and aggregate traditionally utilized in the production of
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paving compositions can be used.

[0050] A common problem associated with the high shear event of mixing has been a coarsening of the emulsion.
The emulsifier formulations described herein impart high-temperature rheological properties to the solvent-free emulsion,
which in turn stabilize the emulsion against the mechanical stresses imparted on the emulsion by the mechanical action
of mixing with aggregate at elevated temperatures. These mechanical and shear stresses have commonly caused a
coarsening of the emulsion with most traditional emulsifier formulations, leading to a reduction in the degree of aggregate
coating and an increase in the viscosity of the mix, with the latter resulting in poor densification of the paving composition
during compaction. Poor densification during compaction can result in a number of pavement distress problems (such
as rutting, pot-hole formation, and raveling). While the use of high emulsifiers dosages can mitigate this coarsening,
such dosages can also retard the development of compressive strength, an undesirable outcome.

[0051] The rheology of the disperse-phase droplets in the bitumen emulsions directly influences the behavior of the
emulsions when mixed at elevated temperatures with heated aggregate. The rheology at the oil-water interface is, in
turn, controlled by the structure and chemistry of the emulsifiers. Emulsifier structure and chemistry affect the energy
required to disperse the emulsifier at the interface. Emulsifier structure and chemistry determine the shear stability of
the oil-water droplets against coalescence under high-temperature shear conditions, such as those exhibited during
mixing of emulsions and aggregate at temperatures above ambient. Emulsifier structure and packing affect the interfacial
fluidity or viscosity. Further, proper choice of emulsifier structure affects the magnitude of the effect on the interfacial
viscosity.

[0052] The observation that some chemical entities produce the desired effect of rapid early strength development,
while others do not, further suggests that the chemistry of the formulationis also an influencing factor. A further observation
that the bitumen emulsions which behave as desired have higher levels of shear stability than those which do not show
this behavior would suggest this chemical contribution results from the emulsifier. The observation that strength devel-
opment in the bituminous compositions is associated with better compressibility than traditional cold mixes very strongly
suggests that the specific physico-chemical effect is a change in the rheology of the bitumen droplets within the emulsion.
The early strength development exhibited by the bituminous compositions of the present invention which is more char-
acteristic of a hot mix than a cold mix also indicates that the rheological response of the bitumen droplets is an interfacial
rather than a bulk response.

[0053] A variant of the above mechanism which is consistent with the currently available data and observations of the
present invention consists of a heat dependant activation of the interfacial solubility of the ionic emulsifier. Interfacial
solubility within the present context may be defined as localization of the emulsifier at the interface. No distinction should
be made at the present time between surface adsorption (the emulsifier resides not within the aqueous phase of the
bitumen emulsion but at the interface with certain functional groups penetrating into the bitumen), penetration of the
interface by the emulsifier (residing within the surface of the bitumen droplet with functional groups oriented towards the
water and others oriented towards the interior of the bitumen phase of the bitumen emulsion), or complete residence
within the bitumen phase of the bitumen emulsion but at the interface (the mirror image of surface adsorption).

[0054] The interactions of the emulsifier with the interfacial region of a dispersed bitumen droplet can influence the
interfacial rheology of the bitumen in two ways. The emulsifier can provide a lubricity layer or slip plane between and
amongst the droplets or they can disrupt the structure of the asphaltene fractions of the bitumen at and within the
interface. It must be noted that the hardness and flow resistance of bitumen is to a large degree a function of the
asphaltene components within a particular bitumen. The model of bitumen favored by those working in the area of heavy
oil processing consists of asphaltenes of varying molecular weights existing as dissolved and colloidal entities within
the maltene phase of the bitumen. Penetration of the associated asphaltenes within a bitumen by molecules or parts of
molecules will tend to disrupt the surface structure of the bitumen. The concomitant result of this is a reduction in the
resistance to flow of the surface regions of the droplets. By definition, the resistance to flow is referred to as viscosity.
In order to penetrate the structure formed by the asphaltenes, a foreign molecule or parts of that molecule must have
similar cohesive energy density to the asphaltenes. From a thermodynamic point of view, this means that if the molecules
of two different substances have similar cohesive densities and are placed in close proximity to each other and subjected
to the same conditions (such as temperature, pH, ionic strength etc.) the molecules of the two will intermingle at the
level of individual molecules. This is by definition solvation or dissolution. By convention, the substance presentin greater
concentration is referred to as the solvent and the other, the solute.

[0055] One of the most widely accepted means of quantitatively describing the cohesive energy density is by use of
a parameter called the solubility parameter. This number is actually the square root of the cohesive energy density.
Various models of the solubility parameter have been proposed. The most widely referred to models are those of
Hildebrand and Hansen. As a solubility class, asphaltenes have a solubility parameter (5) of 19-24 (MPa)2, Conse-
quently, a substance with a solubility parameter within or slightly above this range should in principle dissolve in and
disrupt the internal structure of the asphaltenes of an asphalt. Somewhat relevant to this argument are references to
the fact that London dispersion forces are the major contributors to the strength and complexity of the asphaltene structure
within a given asphalt. This must be considered when using the more complex Hansen solubility parameter instead of
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the Hildebrand version. Further to this, itis common practice to quantify the asphaltene fraction of bitumen by precipitating
the asphaltenes from a sample of that asphaltene via the addition of either pentane or heptane. These two hydrocarbons
have Hildebrand solubility parameters of 14.3 and 15.1 (MPa)'/2, respectively. Consequently, solubility parameters in
the range of 19-25 (MPa)'2 or higher will identify molecules or parts of molecules which have the ability to disrupt
asphaltene structure and consequently fluidize that bitumen, while molecules or parts of molecules with solubility pa-
rameters similar to those of the C5-C7 hydrocarbons have the potential to reflocculate or coagulate already dispersed
asphaltenes.

[0056] From amolecular pointof view, the cohesive energy density or solubility parameter of a molecular is determined
by its chemical composition or make-up. Consequently, it is also a function of the raw materials and the manufacturing
process used to manufacture that substance, or more succinctly, the nature of the specific substance. In the case of
emulsifiers, the solubility parameter can also be related to the hydrophile-lipophile balance (HLB) by the expression.

HLB = (5 - 16.8) X (54) .
x 5-123

[0057] In the present work, a series of emulsifiers was shown to demonstrate the compressibility and early strength
development seen to be an advantage of the method of the present invention. Those emulsifiers were observed to have
functional groups with solubility parameters in the range of 24-25 (MPa)1/2 and hydrophobes in the range of 8-16 (MPa)1/2,
The most dramatic failure was observed with an emulsifier system with a low level of functionality of the requisite type
and solubility parameter. The solubility parameter of the entire emulsifier system was also well into the high 30’s to low
40’s. Additionally, the usable functionality which was present was shown by model studies to be sterically hindered from
penetration into the interfacial regions of the bitumen/water interface. It is thus a preferred embodiment of the present
invention to formulate the bitumen emulsions with emulsifiers comprised of functional groups and structure, which impart
the requisite solubility characteristics (as described above) for controlling temperature-dependent interfacial rheology.
[0058] The following examples are provided to further illustrate the present invention and are not to be construed as
limiting the invention in any manner.

[0059] In the following examples, the bituminous compositions of bitumen emulsion and aggregate were either mixed
with an automated bucket mixer (Example 1) or by hand (Examples 2-14). The mixtures of bitumen emulsion and
aggregate were compacted immediately after preparation while the mixtures were at production temperatures. A Strategic
Highway Research Program (SHRP) gyratory compactor (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 compaction, the bituminous composition pills were placed in a 25°C oven for curing. After
curing, the pills were evaluated for compressive strength (i.e., Marshall stability). The compressive strength value obtained
after four hours of curing at ambient temperature (25°C) is referred to herein as "early strength." A stabilometer (com-
mercially available from Pine Instruments) was used to measure the compressive strength of the compacted specimens.
The mean particle sizes of each of the bitumen emulsions employed in the following examples were less than 10 microns.
[0060] The aggregate used in the following examples was crushed granite conforming to gradation and property
specifications for a dense-graded, 12.7 mm (2-inch) nominal paving mixture commonly used for production of pavement
wearing courses. All aggregate samples were oven-dried (110°C) before usage to remove moisture. In the comparative
cold mix examples, the aggregate was allowed to cool to room temperature before mixing with the bituminous emulsion.
In the comparative hot mix examples, the aggregate was heated to a temperature in the range of about 140°C to 160°C
before mixing with bitumen heated to an equivalent temperature. All graded aggregate samples were 1,000 grams.
[0061] Coating was measured using a modification of the commonly known instrumental luminescence method of
Deneuvillers et al. Coating values in the examples below are expressed in percentages, indicating the measured per-
centage of aggregate surface coated by bitumen.

EXAMPLE 1

[0062] Bituminous compositions were prepared by the following procedure. Solvent-free bitumen emulsions were
prepared using one of three different emulsifiers (A, B, and C) based on alkyl polyamines at dosages ranging from 0.3%
to 0.5% by total weight of the respective bitumen emulsion. Emulsifier A was a blend of 0.4% by total weight of the
bitumen emulsion (bwe) of saturated and unsaturated C16-C 18 tallow tripropylenetetramines and 0.1% bwe of saturated
and unsaturated C16-C18 tallow monoamines. Emulsifier B was 0.3% bwe of saturated and unsaturated C16-C18 tallow
polypropylenepolyamine blends. Emulsifier C was a blend of 0.45% bwe of alkyl polypropylenetetramine and 0.01 %-
0.05% bwe of a mixture of saturated and unsaturated C 16-C 18 alkyl monoamines, -diamines, and - triamines. The
respective emulsifiers were dissolved in warm water and treated with hydrochloric acid solution to lower the pH to 2.0.
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The aqueous solution of emulsifier(s) in water (called the "soap solution") was heated to 55°C and added to an Atomix
colloid mill.

[0063] The bitumen employed in this example was of Venezuelan origin and had a performance-grade of PG64-22.
The bitumen was heated to 130°C and added to the Atomix colloid mill, wherein the soap solution and bitumen mixture
was processed to produce bitumen emulsion. The bitumen content of the finished bitumen emulsions were about 60-63%
bwe. The bitumen emulsions were subsequently diluted with water to 53.3% bitumen content prior to mixing with aggre-
gate.

[0064] As noted above, the aggregate used was crushed granite conforming to gradation and property specifications
for 12.7 mm (Y2-inch) nominal wearing course paving aggregate. The aggregate as received from the quarry was oven
dried to remove moisture. The dried aggregate was separated into size fractions from particles passing the 12.5-mm
sieve to particles passing the 0.075 pm sieve. The fractions were combined in quantities to give an aggregate gradation
conforming to the standard for 12.7 mm (¥2-inch) nominal, dense-graded aggregate for surface and wearing course
pavements. This combination of aggregate water-free fractions meeting the 2-nominal gradation standard is referred
to as the graded aggregate.

[0065] Forbituminous compositions made in this example according to the method of the present invention, the graded
aggregate was heated to about 80°C in an oven while the bitumen emulsion was heated to about 60°C. About 1,000
grams of heated graded aggregate were placed in a 3.7 litre (1-gallon) stainless steel bucket, and the bucket was placed
in the automatic bucket mixer. To the 1,000 grams of aggregate at 80°C was added, with stirring, 90 g of 60°C bitumen
emulsion. The mixing was continued for an additional 60 seconds to produce bituminous compositions containing about
4.8% bitumen by total weight of the graded aggregate.

[0066] The resulting bitumen compositions (having a temperature in the range of about 60°C to about 80°C) were
added immediately to a 100-mm diameter gyratory compaction mold, which had been preheated to 60°C-80°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°.

[0067] The compacted bituminous compositions were placed in a 25°C oven and allowed to cure for four hours. After
four hours of curing, the physical and performance properties of the compacted and cured bituminous compositions
were measured.

[0068] For comparison purposes, a series of cold mix bituminous compositions were produced having equivalent
aggregate gradation and bitumen content. The procedure for the production of the bituminous composition of the present
invention noted above was followed for producing these cold mix bituminous compositions with the exception that the
bitumen emulsion and the graded aggregate were each at ambient room temperature (23°C) when mixed in the bucket
mixer.

[0069] The resulting cold mix bitumen compositions at ambient temperature were added immediately to a 100-mm
diameter gyratory compaction mold, which was also at ambient temperature. The ambient-temperature bitumen com-
positions were then compacted using 30 gyrations of a SHRP Pine gyratory compactor at 600 kPa pressure and a
gyration angle of 1.25°.

[0070] The compacted bitumen compositions were placed in a 25°C oven and allowed to cure for four hours. After
four hours of curing, the physical and performance properties of the compacted and cured cold mix bituminous compo-
sitions were measured.

[0071] A comparison of the respective bituminous compositions was made for three critical physical and performance
properties - coating, densification, and strength development. Compacted specimens prepared by mixing and compacting
emulsion and aggregate at ambient temperatures (i.e., according to traditional cold mix methods) showed substantially
different physical and performance properties than those exhibited by the bituminous compositions made by the method
of the present invention. These results are listed in Table | below.

TABLE |

Method of the Present Invention Cold Mix Method
Physical or Emulsifier A Emulsifier B Emulsifier C Emulsifier A | Emulsifier B | Emulsifier C
Performance
Property
Coating (%) 99 94 94 95 89 99
Specimen Height 62.4 62.7 62.2 66.1 66.0 65.8
(mm)

1"
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(continued)

Method of the Present Invention Cold Mix Method
Physical or Emulsifier A Emulsifier B Emulsifier C Emulsifier A | Emulsifier B | Emulsifier C
Performance
Property
Compressive 13.3kN (3000 | 13.8kN(3100 | 14.8kN (3325 | 9.3kN (2100 | 6.5kN (1460 8.9 kN
Strength after 4 Ib-f) Ib-f) Ib-f) Ib-f) Ib-f) (20001b-f)
hours at 25°C

[0072] As shown in Table 1, the bituminous compositions of the present invention had aggregate coating levels of
94% to 99%. The mixes gave compacted bituminous compositions (pills) with heights ranging from 62.2 to 62.7 mm
after compaction, which were substantially denser than the cold mix pills. The same compacted bituminous compositions
made according to the method of the present invention exhibited compressive strength (Ib-f) values after storage at 25°C
four hours of 13.3 to 14.8 kN (3,000 - 3,235 Ib-f), which was substantially stronger than that exhibited by the cold mix
examples. As previously mentioned, this compressive strength value, obtained after only four hours of curing at ambient
temperature, is referred to herein as "early strength."

[0073] The emulsion from Example 1 used in the evaluations shown in FIG. 1, contained 0 5% by total weight of
bitumen emulsion (bwe) of emulsifier (tallow polyalkylenepolyamines) at 60% residue of PG64-22 bitumen. The bitumen
emulsions produced by the method of the present invention exhibit high shear stabilities at the elevated temperatures
of the present invention (i.e., about 50°C to about 120°C). FIG. 1 shows the effect of exposing a bitumen emulsion
(formulated and produced according to the teachings of this invention) to increasing shear rates using a TA Rheometer
at varying temperatures. In these experiments, the shear rate was increased from 0 to 1,000 seconds-inverse in 120
seconds. Because high shear induced coalesce of the emulsion at 25°C, the instrument experienced torque overload.
Upon lifting the rotor of the rheometer, black, coalesced bitumen was observed, and grains of large coalesced droplets
could be felt in what remained of the original liquid emulsion. At 80°C, the emulsion shows a smooth decrease in viscosity
with increasing shear rate.

EXAMPLE 2

[0074] The physical and performance properties of bituminous compositions made using the method of the present
invention were also compared to the properties of bitumen and aggregate mixes made according to traditional hot mix
asphalt methodologies All bituminous compositions in this example contained commercially-available, performance-
grade PG70-22 bitumen, and were prepared with a bitumen content of 4.8% by total weight of the graded aggregate.
[0075] Bituminous compositions were prepared by the following procedure. Solvent-free bitumen emulsions were
prepared using tallow polyalkylenepolyamines emulsifier at 1.0% by total weight of the bitumen emulsion (bwe). The
emulsifier was dissolved in warm water and treated with hydrochloric acid solution to lower the pH to 2.0 The aqueous
solution of emulsifier(s) in water (called the "soap solution") was heated to 55°C and added to an Atomix colloid mill.
[0076] The bitumen employed in this example was a commercially-available, performance-grade PG70-22. The bitu-
men was heated to 130°C and added to the Atomix colloid mill, wherein the soap solution and bitumen mixture was
processed to produce bitumen emulsion. The bitumen content of the finished bitumen emulsion was about 60-63% bwe
The bitumen emulsions were subsequently diluted with water to 53.3% bitumen content prior to mixing with aggregate.
[0077] Forbituminous compositions made in this example according to the method of the present invention, the graded
aggregate of Example 1 was heated to about 80°C in an oven while the bitumen emulsion was heated to about 60°C.
About 1,000 grams of heated graded aggregate were placed in a 3.79 litre (1-gallon) stainless steel bucket. To the 1,000
grams of aggregate at 80°C was added 90 g of 60°C bitumen emulsion. The mixture was stirred by hand for approximately
60 seconds to produce the bituminous compositions containing about 4.8% bitumen by total weight of the graded
aggregate.

[0078] The resulting bitumen compositions (having a temperature in the range of about 60°C to about 80°C) were
added immediately to a 100-mm diameter gyratory compaction mold, which had been preheated to 60°C-80°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°.

[0079] The compacted bituminous compositions were placed in a 25°C oven and allowed to cure for four hours. After
four hours of curing, the physical and performance properties of the compacted and cured bituminous compositions
were measured.

[0080] For comparison purposes, a hot mix specimen having equivalent aggregate gradation and bitumen content
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was made according to standard laboratory procedures for the preparation of hot mix bituminous compositions. Graded
aggregate was prepared as in Example 1. About 1,000 grams of graded aggregate heated to 140°C were placed in a
3.79 litre (1-gallon) stainless steel bucket. To the 1,000 grams of heated aggregate was added 48 grams of a PG70-22
bitumen, which had been previously heated to 140°C. The mixture was stirred by hand for approximately 30 seconds
to distribute the bitumen over the surface of the hot aggregate. The coated aggregate was returned to the oven and
heated until the temperature reached 140°C. The resulting hot mix bituminous composition was removed and stirred a
second time by hand for 30 seconds, then transferred to a 100-mm gyratory compaction mold which had been previously
heated to 140°C. The gyratory compaction mold and bituminous composition were returned to the 140°C oven for 20
minutes. The hot mix bitumen composition was then compacted using 30 gyrations of a SHRP Pine gyratory compactor
at 600 kPa pressure and a gyration angle of 1.25°.

[0081] The compacted hot mix bituminous compositions were placed in a 25°C oven and allowed to cure for four
hours. After four hours of curing, the physical and performance properties of the compacted and cured hot mix bituminous
compositions were measured.

[0082] A second compacted hot mix bituminous composition was prepared according to the aforementioned hot mix
procedure except that the temperature used in all mixing, heating, and compaction steps was 160°C instead of 140°C.
[0083] Forfurther comparison purposes, a cold mix bituminous composition was produced having equivalent aggregate
gradation and bitumen content. The procedure of the present invention for the production of the bituminous composition
noted above was followed for producing these cold mix bituminous compositions with the exception that the bitumen
emulsion and the graded aggregate were each at ambient room temperature (23°C) when mixed in the bucket.

[0084] The resulting cold mix bitumen compositions at ambient temperature were added immediately to a 100-mm
diameter gyratory compaction mold, which was also at ambient temperature. The ambient-temperature bitumen com-
positions were then compacted using 30 gyrations of a SHRP Pine gyratory compactor at 600 kPa pressure and a
gyration angle of 1.25°.

[0085] The compacted bitumen compositions were placed in a 25°C oven and allowed to cure for four hours. After
four hours of curing, the physical and performance properties of the compacted and cured cold mix bituminous compo-
sitions were measured.

[0086] Standard volumetric procedures were used on all mixes (those made by the method of the present invention,
as well as the hot mixes and cold mixes) to determine air voids (Pa). Table Il shows that the mixes made by the method
of the present invention compacted more effectively than either the hot mixes or the cold mixes. Table Il further shows
that the bituminous emulsions made by the method of the present invention gave air voids (Pa) that were comparable
to those of the hot mix specimens, and substantially improved above those of the cold mix specimen. All specimens
were fully coated (i.e., percent coating greater than 99%).

TABLE Il
Physical and Performance PG70-22 Cold | PG70-22HotMix | PG70-22Hot Mix Method of the
Properties Mix (20-23 °C) (140°C) (160°C) Present Invention
Average Pill Height (mm) and Std. 648 63.7 637 626
Dev +/- +/- +/- +/-
' 0.6 0.0 0.4 0.5
Early Cure: Compressive Strength 4.7 kN 20.5 kN 21,4 kN 10.9 kN
after 4 hours at 25°C (1050 Ib-f) (4600 Ib-f) (4800 Ib-f) (2450 Ib-f)
Full Cure: Compressive Strength 18.3 kN 20.7 kN 22.7 kN 21.7 kN
after 24 hours at 60°C (4125 Ib-f) (4650 Ib-f) (5100 Ib-f) (4875 Ib-f)
% Air Voids, Pa 10.24 8.22 8.70 6.86
EXAMPLE 3
[0087] Bituminous compositions of the present invention were produced and compacted using the procedure of Ex-

ample 2. Solvent-free bitumen emulsions were prepared using tallow polyalkylenepolyamines emulsifier at 0.5% by total
weight of the bitumen emulsion (bwe). The bitumen employed in this example was commercially-available, performance-
grade PG64-22 bitumen modified with styrene-butadiene-styrene (SBS) polymer. All of the bituminous compositions in
this example contained this modified PG64-22 bitumen, and each was prepared with a bitumen content of 4.8% by total
weight of the graded aggregate.

[0088] Forcomparison purposes, ahotmixbituminous composition having equivalentaggregate gradation and bitumen
content to the above-noted bituminous composition was produced and compacted using the procedure of Example 2.
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[0089] For further comparison purposes a cold mix bituminous composition was also produced having equivalent
aggregate gradation and bitumen content. The procedure for the production of the bituminous composition of the present
invention noted above was followed for producing these cold mix bituminous compositions with the exception that the
bitumen emulsion and the graded aggregate were each at ambient room temperature (23°C) when mixed in the bucket.
[0090] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results are shown in Table Il below.

TABLE Il
Physical and Performance Properties SBS Cold Mix SBS Hot Mix Method of the Present
y P (20-23°C) (160°C) Invention
64.8 63.8 62.6
Average Pill Height (mm) and Std. Dev. +/- +/- +/-
0.1 0.4 0.5
Early Cure: Compressive Strength after 4 hours kN kN kN
at 25°C (1350 Ib-f) (6400 Ib-f) (3400 Ib-f)
Full Cure: Compressive Strength after 24 hours 6.0 kN Not run 25.6 kN
at 60°C (Ib-f) (4875 Ib-f) (5750 Ib-f)
% Air Voids, Pa 8.86 Not run 4.92

EXAMPLE 4

[0091] Bituminous compositions of the present invention were produced and compacted using the procedure of Ex-
ample 2. Solvent-free bitumen emulsions were prepared using alkyl alkylenepolyamine emulsifiers at dosages ranging
from 1.0% to 0.5% by total weight of the bitumen emulsion (bwe). The bitumen employed in this example was a com-
mercially-available, performance-grade unmodified PG64-22. All of the bituminous compositions in this example con-
tained this PG64-22 bitumen, and each was prepared with a bitumen content of 4.8% by total weight of the graded
aggregate.

[0092] For comparison purposes, cold mix bituminous compositions were produced having equivalent aggregate
gradation and bitumen content. The procedure for the production of the bituminous composition of the present invention
noted above was followed for producing these cold mix bituminous compositions with the exception that the bitumen
emulsion and the graded aggregate were each at ambient room temperature (23°C) when mixed in the bucket.

[0093] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results are shown in Table IV below.

TABLE IV
Emulsifier Cold mix Present Invention
Dosage pill C - - - - -
%) i ompressive Pill Increase in Compressive Increase in
(% Height Strength after Height Densification - Strength after Strength
(mm) Curing 4 hours at (mm) Change in Pavs | Curing4 hours at Development -
25°C cold mix (delta Pa) 25°C Percent change vs
cold mix
1.0 65.5 3.8 kN (850 Ib-f) 62.6 -3.48 9.8 kN (2200 Ib-f) 159%
0.75 66.0 4.2 kN (950 Ib-f) 62.9 -3.72 11.1 kN (2500 Ib- 163%
f)
0.5 65.8 6.2 kN (1400 Ib-f) 63.5 -2.76 11.6 kN (2600 Ib- 86%
f)

[0094] As shown in Table 1V, the pills made with the bituminous compositions of the present invention exhibited
compressive strength values after curing at 25°C for four hours which were 86%-163% stronger than the identically
formulated, emulsion-based cold mix bituminous compositions made and compacted at ambient laboratory conditions.
Additionally, the bituminous compositions produced by the method of the presentinvention showed substantiallyimproved
densification when compared to the cold mix compositions. Likewise, the present bituminous compositions had calculated
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air voids (Pa) 2.76 to 3.72 percent points lower than the Pa values of the comparable cold mix specimens (each mm of
pill height corresponds to roughly 1.2% air content in the specimen).

EXAMPLE 5

[0095] Bituminous compositions were produced by the method of the present invention and compacted using the
procedure of Example 2. Solvent-free bitumen emulsions were prepared using tallow polyalkylenepolyamine emulsifier
at dosages ranging from 1.0% to 0.5% by total weight of the bitumen emulsion (bwe). The bitumen employed in this
example, was a commercially-available, performance-grade PG70-22. All of the bituminous compositions in this example
contained this PG70-22 bitumen, and each was prepared with a bitumen content of 4.8% by total weight of the graded
aggregate.

[0096] For comparison purposes, cold mix bituminous compositions were produced having equivalent aggregate
gradation and bitumen content. The procedure for the production of the bituminous composition of the present invention
noted above was followed for producing these cold mix bituminous compositions with the exception that the bitumen
emulsion and the graded aggregate were each at ambient room temperature (23°C) when mixed in the bucket.

[0097] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results are shown in Table V below.
TABLE V
Cold mix Present Invention
Emulsifier Dosage Pill Height Compressive Strength (Ib- Pill Height Compressive Strength (Ib-
(%) (mm) f) (mm) f)
1.0 63.8 5.8 kN (1300 Ib-f) 62.1 12.7 kN (2850 Ib-f)
0.75 65.6 6.9 kN (1550 Ib-f) 62.4 16.7 kN (3750 Ib-f)
0.5 66.5 8.9 kN (2000 Ib-f) 63.1 13.6 kN (3050 Ib-f)

[0098] As shown in Table V, the pills made with the bituminous compositions of the method of the present invention
exhibited compressive strength values after curing at 25°C for four hours which were 52%-142% stronger than the
identically formulated, emulsion-based cold mix bituminous compositions made and compacted at ambient laboratory
conditions. Additionally, the bituminous compositions of the method of the present invention, showed substantially im-
proved compaction compared to the analogous cold mix compositions as measured by the heights of the pill specimens.

EXAMPLE 6

[0099] Bituminous compositions were produced by the method of the present invention and compacted using the
procedure of Example 2. Solvent-free bitumen emulsions were prepared using tallow polyalkylenepolyamine emulsifier
at dosages ranging from 1.0% to 0.5% by total weight of the bitumen emulsion (bwe). The bitumen employed in this
example was a commercially-available, performance-grade PG64-22 bitumen modified with styrene-butadiene-styrene
block copolymer. All of the bituminous compositions in this example contained this modified PG64-22 bitumen, and each
was prepared with a bitumen content of 4.8% by total weight of the graded aggregate.

[0100] For comparison purposes, cold mix bituminous compositions were produced having equivalent aggregate
gradation and bitumen content. The procedure for the production of the bituminous composition of the present invention
noted above was followed for producing these cold mix bituminous compositions with the exception that the bitumen
emulsion and the graded aggregate were each at ambient room temperature (23 °C) when mixed in the bucket.
[0101] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results are shown in Table VI below.

TABLE VI

Cold mix Present Invention

Emulsifier Dosage (%)

Pill Height (mm)

Compressive Strength

Pill Height (mm)

Compressive Strength

1.0 65.2 5.3kN (1200 Ib-f) 63.0 13.6 kN (3050 Ib-f)
0.75 65.6 6.4 kN (1450 Ib-f) 62.9 12.5 kN (2800 Ib-f)
0.5 66.5 7.3 kN (1650 Ib-f) 63.2 11.8 kN (2650 Ib-f)
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[0102] As shown in Table VI, the pills made with the bituminous compositions of the method of the present invention
exhibited compressive strength values after curing at 25°C for four hours which were stronger than the identically
formulated, emulsion-based cold mix bituminous compositions made and compacted at ambient laboratory conditions.
Additionally, the bituminous compositions of the method of the present invention showed substantially improved com-
paction compared to the analogous cold mix compositions as measured by the heights of the pill specimens.

EXAMPLE 7

[0103] Bituminous compositions were produced by the method of the present invention and compacted using the
procedure of Example 2. Solvent-free bitumen emulsions were prepared using tallow polyalkylenepolyamine emulsifier
at 0.5% by total weight of the bitumen emulsion (bwc). The bitumen employed in this example was a commercially-
available, performance-grade P064-22 bitumen modified via the addition of styrene-butadiene-rubber (SBR). Two levels
of bitumen modification were examined: 1% SBR bwe and 3% SBR bwe. All of the Bituminous compositions in this
example contained modified PG64-22 bitumen, and each was prepared with a bitumen content of 4.8% by total weight
of the graded aggregate.

[0104] For comparison purposes, cold mix bituminous compositions were produced having equivalent aggregate
gradation and bitumen content. The procedure of the present invention for the production of the bituminous composition
noted above was followed for producing these cold mix bituminous compositions with the exception that the bitumen
emulsion and the graded aggregate were each at ambient room temperature (23°C) when mixed in the bucket.

[0105] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results are shown in Table VIl below.

TABLE VII

Cold mix Present Invention

SBR modification level | Pill Height (mm) | Compressive Strength (Ib-f) | Pill Height (mm) | Compressive Strength
1% bwe 66.8 950 63.2 13.6 kN (3050 Ib-f)
3% bwe 67.1 900 63.4 12.5 kN (2800 Ib-f)

[0106] As shown in Table VII, the pills made with the bituminous compositions of the method of the present invention
made at 1% SBR bwe exhibited compressive strength values after curing at 25°C for four hours which were over 220%
higherthan the identically formulated, emulsion-based cold mix bituminous compositions made and compacted atambient
laboratory conditions, while the pills made at 3% SBR bwe exhibited a 210% increase in compressive strength over the
corresponding cold mix pills. Additionally, the bituminous compositions of the method of the present invention showed
substantially improve compaction compared to the analogous cold mix compositions as measured by the heights of the
pill specimens.

EXAMPLE 8

[0107] Bituminous compositions were produced by the method of the present invention and compacted using the
procedure of Example 2. Solvent-free bitumen emulsions were prepared using modified tall oil condensate of polyethylene
polyamine at dosages ranging from 1.0% to 1.5% by total weight of the bitumen emulsion (bwe). Three commercially-
available, performance grade bitumen types were employed in this example: a PG64-22, a PG78-28, and a styrene-
butadiene-styrene (SBS) modified PG64-22. Each of the bituminous compositions was prepared with a bitumen content
of 4.8% by total weight of the graded aggregate.

[0108] The bitumen emulsion used in the evaluations shown in Figure 2, produced in Example 7 below, contains 1.0%
bwe of emulsifier (modified tall oil fatty acid condensate of polyethylene polyamine).

[0109] For comparison purposes, cold mix bituminous compositions were produced having equivalent aggregate
gradation and bitumen content. The procedure of the present invention noted above was followed for producing these
cold mix bituminous compositions with the exception that the bitumen emulsion and the graded aggregate were each
at ambient room temperature (23°C) when mixed in the bucket.

[0110] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results are shown in Table VIl below.
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TABLE VIII
Cold mix Present Invention
Emulsifier Dosage Pill Height Compressive Pill Height Compressive

Bitumen Type (%) (mm) Strength (mm) Strength

PG64-22 1.0 65.5 3.6 kN 62.3 10.9 kN
(800 Ib-f) (2450 Ib-f)

1.5 62.6 4.3 kN 62.5 8.7 kN
(975 Ib-f) (1950 Ib-f)

PG78-28 1.5 63.6 7.1kN 62.8 16.0kN
(1600 Ib-f) (3600 Ib-f)

SBS-modified 1.0 65.2 5.1 kN 62.8 12.0 kN
(1150 Ib-f) (2700 Ib-f)

1.5 63.1 5.2 kN 63.0 12.7 kN
(1175 Ib-f) (2850 Ib-f)

[0111] As shown in Table VI, the pills made with the bituminous compositions of the method of the present invention
exhibited compressive strength values after curing at 25°C for four hours which were stronger than the identically
formulated, emulsion-based cold mix bituminous compositions made and compacted at ambient laboratory conditions.
Additionally, the bituminous compositions of the method of the present invention showed improved compaction compared
to the analogous cold mix compositions as measured by the heights of the pill specimens.

[0112] FIG. 2 shows comparable results using a different emulsion. The bitumen emulsion used in the evaluations
shown in FIG. 2, contained 1.0% bwe of emulsifier (modified tall oil fatty acid condensate of polyethylene polyamine) at
60% residue of PG64-22 bitumen (a performance-grade bitumen modified with a styrene-butadiene-styrene block co-
polymer). Again, at 25°C. the analysis showed the irregular viscosity build as the shear rate increased from 0 to 1,000
seconds-inverse. At 60°C, the viscosity steadily decreased as the shear rate (and shear stress) increased.

EXAMPLE 9

[0113] Bituminous compositions were produced and compacted using the procedure of Example 2. Solvent-free bi-
tumen emulsions were prepared using as an emulsifier modified and unmodified C16-C18 fatty acid condensate of
polyethylene polyamine at dosages ranging from 1.0% to 1.5% by total weight of the bitumen emulsion (bwe). Three
commercially-available, performance grade bitumen types were employed in this example: a PG64-22, a PG70-22, and
a styrene-butadiene-styrene (SBS) modified PG64-22. Each of the bituminous compositions was prepared with a bitumen
content of 4.8% by total weight of the graded aggregate.

[0114] For comparison purposes, cold mix bituminous compositions were produced having equivalent aggregate
gradation and bitumen content. The procedure of the present invention for the production of the bituminous composition
noted above was followed for producing these cold mix bituminous compositions with the exception that the bitumen
emulsion and the graded aggregate were each at ambient room temperature (23°C) when mixed in the bucket.

[0115] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results are shown in Table IX below.
TABLE IX
Cold mix Present Invention
Emulsifier Dosage Pill Height Compressive Pill Height Compressive
Bitumen Type (%) (mm) Strength (mm) Strength
PG64-22 1.0 65.6 4.0 kN 62.9 8.0 kN
(900 Ib-f) (1800 Ib-f)
0.75 65.7 4.0 kN 62.7 8.0 kN
(900 Ib-f) (1800 Ib-f)
PG70-22 0.75 65.9 6.0 kN 62.0 11.6 kN
(1350 Ib-f) (2600 Ib-f)
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(continued)
Cold mix Present Invention
Emulsifier Dosage Pill Height Compressive Pill Height Compressive
Bitumen Type (%) (mm) Strength (mm) Strength
SBS-modified 0.50 66.7 6.7 kN 64.0 16.5 kN
(1500 Ib-f) (3700 Ib-f)

[0116] As shown in Table IX, the pills made with the bituminous compositions of the method of the present invention
exhibited compressive strength values after curing at 25°C ; for four hours which were stronger than the identically
formulated, emulsion-based cold mix bituminous compositions made and compacted at ambient laboratory conditions.
Additionally, the bituminous compositions of the method of the present invention showed substantially improved com-
paction compared to the analogous cold mix compositions as measured by the heights of the pill specimens.

[0117] FIG. 3 also shows comparable results in yet another differently formulated bitumen emulsion. The bitumen
emulsion used in the evaluations shown in FIG. 3, contained 0.75% bwe of emulsifier (modified and unmodified C16-
C18 fatty acid condensate of polyethylene polyamine) at 60% residue of PG70-22 bitumen.

EXAMPLE 10

[0118] Bituminous compositions were produced by the method of the present invention and compacted using the
procedure of Example 2. Solvent-free bitumen emulsions were prepared using alkyl quaternary amines emulsifier at
0.75% by total weight of the bitumen emulsion (bwe). Three commercially-available, performance grade bitumen types
were employed in this example: a PG64-22, a PG70-22, and a styrene-butadiene-styrene (SBS) modified PG64-22.
Each of the bituminous compositions was prepared with a bitumen content of4.8% by total weight of the graded aggregate.
[0119] For comparison purposes, cold mix bituminous compositions were produced having equivalent aggregate
gradation and bitumen content. The procedure of the present invention for the production of the bituminous composition
noted above was followed for producing these cold mix bituminous compositions with the exception that the bitumen
emulsion and the graded aggregate were each at ambient room temperature (23°C) when mixed in the bucket.

[0120] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results are shown in Table X below.
TABLE X
Cold mix Present Invention
Bitumen Type | Pill Height (mm) | Compressive Strength | Pill Height (mm) | Compressive Strength
PG64-22 63.5 5.1 kN 62.7 9.8 kN
(1150 Ib-f) (2200 Ib-f)
PG70-22 63.5 4.9 kN 63.2 11.1 kN
(1100 Ib-f) (2500 Ib-f)
SBS-modified 64.3 5.6 kN 63.5 9.6 kN
(1250 Ib-f) (2150 Ib-f)

[0121] As shown in Table X, the pills made with the bituminous compositions of the method of the present invention
exhibited compressive strength values after curing at 25°C for four hours which were stronger than the identically
formulated, emulsion-based cold mix bituminous compositions made and compacted at ambient laboratory conditions.
Additionally, the bituminous compositions of the method of the present invention showed improved compaction compared
to the analogous cold mix compositions as measured by the heights of the pill specimens.

EXAMPLE 11

[0122] Bituminous compositions were produced by the method of the present invention and compacted using the
procedure of Example 2. Solvent-free bitumen emulsions were prepared using as an emulsifier a blend of tallow poly-
alkylenepolyamine and aminated natural resins from the general class known as quebracho resins at 1.5% by total
weight of the bitumen emulsion (bwe). Two commercially-available, performance grade bitumen types were employed
in this example: a PG64-22 and a styrene-buladiene-styrene (SBS) modified PG64-22. Each of the bituminous compo-
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sitions was prepared with a bitumen content of 4.8% by total weight of the graded aggregate.

[0123] For comparison purposes, cold mix bituminous compositions were produced having equivalent aggregate
gradation and bitumen content. The procedure of the present invention for the production of the bituminous composition
noted above was followed for producing these cold mix bituminous compositions with the exception that the bitumen
Emulsion and the graded aggregate were each at ambient room temperature (23°C) when mixed in the bucket.
[0124] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results are shown in Table XI below.

TABLE XI

Cold mix Present Invention

Bitumen Type | Pill Height (mm) | Compressive Strength | Pill Height (mm) | Compressive Strength
PG64-22 64.8 3.8 kN (850 Ib-f) 62.9 8.8 kN (1975 Ib-f)
SBS-modified 64.0 4.9 kN (1100 Ib-f) 62.7 10.9 kN (2450 Ib-f)

[0125] As shown in Table XI, the pills made with the bituminous compositions of the method of the present invention
exhibited compressive strength values after curing at 25°C for four hours which were stronger than the identically
formulated, emulsion-based cold mix bituminous compositions made and compacted at ambient laboratory conditions.
Additionally, the bituminous compositions of the method of the present invention showed improved compaction compared
to the analogous cold mix compositions as measured by the heights of the pill specimens.

EXAMPLE 12

[0126] A bituminous composition was produced and compacted using the procedure of Example 2. A solvent-free
bitumen emulsion was prepared using as an emulsifier a blend of 0.2% by total weight of the bitumen emulsion (bwe)
of tallow polyalkylenepolyamines and 0.8% bwe of polyethylenepolyamine condensate of modified and unmodified fatty
acids. The bitumen employed in this example was a commercially-available, performance-grade PG64-22 bitumen. Each
of the bituminous compositions in this example contained PG64-22 bitumen, and was prepared with a bitumen content
of 4.8% by total weight of the graded aggregate.

[0127] For comparison purposes, a cold mix bituminous composition was produced having equivalent aggregate
gradation and bitumen content. The procedure of the present invention for the production of the bituminous composition
noted above was followed for producing the cold mix bituminous composition with the exception that the bitumen emulsion
and the graded aggregate were each at ambient room temperature (23°C) when mixed in the bucket.

[0128] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results are shown in Table Xl below.

TABLE XII

Cold mix Present Invention

Bitumen Type | Pill Height (mm) | Compressive Strength | Pill Height (mm) | Compressive Strength
PG64-22 66.3 3.8 kN (850 Ib-f) 63.1 10.7 kN (2400 Ib-f)

[0129] As shown in Table XlI, the pills made with the bituminous composition of the method of the present invention
exhibited a compressive strength value after curing at 25°C for four hours which was stronger than the identically
formulated, emulsion-based cold mix Bituminous composition made and compacted at ambient laboratory conditions.
Additionally, the bituminous composition of the present invention showed improved compaction compared to the anal-
ogous cold mix composition as measured by the heights of the pill specimens.

EXAMPLE 13

[0130] Bituminous compositions of the method of the present invention were prepared by the following procedure.
Solvent-free bitumen emulsions were prepared using tallow polyalkylenepolyamines emulsifier at 0.5% by total weight
of the bitumen emulsion (bwe). The emulsifier was dissolved in warm water and treated with hydrochloric acid solution
to lower the pH to 2.0. The aqueous solution of emulsifier(s) in water (called the "soap solution") was heated to 55°C
and added to an Atomix colloid mill.

[0131] The bitumen employed in this example was a commercially-available, performance-grade PG64-22. The bitu-

19



10

15

20

25

30

35

40

45

50

55

EP 2 141 204 B9

men was heated to 130°C and added to the Atomix colloid mill, wherein the soap solution and bitumen mixture was
processed to produce bitumen emulsion. The bitumen content of the finished bitumen emulsion was about 60-63% bwe.
The bitumen emulsions were subsequently diluted with water to 53.3% bitumen content prior to mixing with aggregate.
[0132] The graded aggregate of Example 1 was heated to about 80°C in an oven while the bitumen emulsion was
heated to about 60°C. About 1,000 grams of heated graded aggregate were placed in a 3.79 litre (1-gallon) stainless
steel bucket. To the 1,000 grams of aggregate at 80°C was added 90 g of 60°C bitumen emulsion. The mixture was
stirred by hand for approximately 60 seconds to produce the bituminous compositions containing about 4.8% bitumen
by total weight of the graded aggregate.

[0133] One of the resulting bitumen compositions (having a temperature in the range of about 60°C to about 80°C)
was added immediately to a 100-mm diameter gyratory compaction mold, which had been preheated to 60°C-80°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°. The compacted bituminous composition was subsequently placed in a 25°C
oven and allowed to cure for four hours. After four hours of curing, the physical and performance properties of the
compacted and cured bituminous composition were measured.

[0134] The other resulting bitumen composition (having a temperature in the range of about 60°C to about 80°C) was
immediately loaded and sealed in a polyethylene bag and placed in an oven having a temperature maintained at 60°C.
Atfter three hours, the bitumen composition (having a temperature of about 60°C) was removed from the oven and
immediately loaded into a 100-mm diameter gyratory compaction mold, which had been preheated to 60°C. The bitumen
composition was then compacted using 30 gyrations of a SHRP Pine gyratory compactor at 600 kPa pressure and a
gyration angle of 1.25°. The compacted bituminous composition was placed in a 25°C oven and allowed to cure for four
hours. After four hours of curing, the physical and performance properties of the compacted and cured bituminous
composition were measured.

[0135] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results showed that storage did not adversely affect the coating, compactability, or early strength
of the bituminous compositions. This indicates that the workability of the bituminous compositions was not compromised
or decreased by storage.

EXAMPLE 14

[0136] Bituminous compositions were prepared by the following procedure of the present invention. Solvent-free bi-
tumen emulsions were prepared using tallow polyalkylenepolyamines emulsifier at 0.5% by total weight of the bitumen
emulsion (bwe). The emulsifier was dissolved in warm water and treated with hydrochloric acid solution to lower the pH
to 2.0. The aqueous solution of emulsifier(s) in water (called the "soap solution was heated to 55°C and added to an
Atomix colloid mill.

[0137] The bitumen employed in this example was a commercially-available, performance-grade styrene-butadiene-
styrene (SBS) modified PG64-22. The bitumen was heated to 130°C and added to the Atomix colloid mill, wherein the
soap solution and bitumen mixture was processed to produce bitumen emulsion. The bitumen content of the finished
bitumen emulsion was about 60-63% bwe. The bitumen emulsions were subsequently diluted with water to 53.3%
bitumen content prior to mixing with aggregate.

[0138] The graded aggregate of Example 1 was heated to about 80°C in an oven while the bitumen emulsion was
heated to about 60°C About 1,000 grams of heated graded aggregate were placed in a 3.79 litre (1-gallon) stainless
steel bucket. To the 1,000 grams of aggregate at 80°C was added 90 g of 60°C bitumen emulsion. The mixture was
stirred by hand for approximately 60 seconds to produce the bituminous compositions containing about 4.8% bitumen
by total weight of the graded aggregate.

[0139] One of the resulting bitumen compositions (having a temperature in the range of about 60°C to about 80°C)
was added immediately to a 100-mm diameter gyratory compaction mold, which had been preheated to 60°C-80°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°. The compacted bituminous composition was subsequently placed in a 25°C
oven and allowed to cure for four hours. After four hours of curing, the physical and performance properties of the
compacted and cured bituminous composition were measured.

[0140] The other resulting bitumen composition (having a temperature in the range of about 60°C to about 80°C) was
immediately loaded into a polyethylene bag and placed in an oven having a temperature maintained at 60°C. After 21
hours, the bitumen composition (having a temperature of about 60°C) was removed from the oven and immediately
loaded into a 100-mm diameter gyratory compaction mold, which had been preheated to 60°C. The bitumen composition
was then compacted using 30 gyrations of a SHRP Pine gyratory compactor at 600 kPa pressure and a gyration angle
of 1.25°. The compacted bituminous composition was placed in a 25°C oven and allowed to cure for four hours. After
four hours of curing, the physical and performance properties of the compacted and cured bituminous composition were
measured.
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[0141] The physical and performance properties of the respective compacted and cured bituminous compositions
were measured, and the results showed that storage did not adversely affect the coating, compactability, or early strength
of the bituminous compositions. This indicates that the workability of the bituminous compositions was not compromised
or decreased by storage.

EXAMPLE 15

[0142] Solvent-free bitumen emulsions suitable for use in the production of bituminous compositions of the method of
the presentinvention were prepared by the following procedure. A series of solvent-free bitumen emulsions were prepared
using tallow polyalkylenepolyamines emulsifier at 1.0% by total weight of the bitumen emulsion (bwe). The emulsifier
was dissolved in warm water and treated with hydrochloric acid solution to lower the pH to 2.0. The aqueous solution
of emulsifier in water (called the "soap solution") was heated to 55°C and added to an Atomix colloid mill.

[0143] Four performance grade bitumen types were employed in this example in produce the series of bitumen emul-
sions. A commercially available PG64-22 and a commercially available styrene-butadiene-styrene (SBS) modified
PG64-22 was used. Also, a PG64-22 bitumen modified via the addition of styrene-butadiene-rubber (SBR) at either 1%
SBR bwe or 3% SBR bwe were employed. The respective bitumen were heated to 130°C and added to the Atomix
colloid mill, wherein the soap solution and bitumen mixture was processed to produce bitumen emulsion.

[0144] As noted in Tables XVI -XIX below, the resulting bitumen emulsions show substantially unchanged particle
size distributions when held at elevated temperatures for a period of time. Table XlIl shows that with the unmodified
bitumen the starting mean particle diameter (mv) was lower than in the case of the SBS-modified bitumen (Table XIV),
as the SBS-modified bitumens give relatively high mean particle size diameters as well as high overall particle size
distributions (as reflected in 90th percentile particle diameter).

TABLE XIlI
Particle Size Distribution At Elevated Temperature
Time at Indicated Temp. (hours) Unmodified Bitumen Emulsion Storage Temperatures
25°C 60°C 80°C
mv <90% Mv <90% mv <90%
0 6.7 12.6 Notrun | Notrun | Notrun | Notrun
24 6.5 12.2 6.7 12.9 6.8 13.1
48 6.9 13.1 6.4 12.1 7.0 13.8
120 71 14.2 5.7 10.6 438 74
TABLE XIV
Particle Size Distribution At Elevated Temperature
Time at Indicated Temp. (hours) | SBS-Modified Bitumen Emulsion Storage Temperatures
25°C 60°C 80°C
mv <90% Mv <90% mv <90%
0 55 16.0 8.9 28.0 13.0 346
24 5.6 16.3 71 20.8 71 21.6
48 8.1 23.2 10.7 28.0 6.6 194
120 7.9 22.6 9.2 24.8 9.0 23.9
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TABLE XV
Particle Size Distribution At Elevated Temperature
Time atIndicated Temp. (hours) | 1% SBR-Modified Bitumen Emulsion Storage Temperatures
25°C 60°C 80°C
Mv <90% Mv <90% mv <90%
0 9.3 20.5 - - - -
48 7.6 14.7 9.5 20.8 - -
72 9.1 19.3 6.9 12.5 6.7 11.9
120 8.8 18.1 8.2 16.9 10.8 57.1
TABLE XVI
Particle Size Distribution At Elevated Temperature
Time atIndicated Temp. (hours) | 3% SBR-Modified Bitumen Emulsion Storage Temperatures
25°C 60°C 80°C
Mv <90% Mv <90% mv <90%
0 9.1 19.2 - - - -
48 6.6 11.5 84 17.0 - -
72 5.9 9.3 6.8 12.6 74 13.7
120 6.7 11.9 11.3 23.7 18.2 43.7

EXAMPLE 16

[0145] Bituminous compositions were also produced by a method of the present invention in typical full-scale operations
using parallel flow drum plants in full-scale construction projects conducted in the Republic of South Africa, where many
new asphalt paving technologies have been developed in recent years. In the first full-scale construction operation,
solvent-free bitumen emulsions were prepared using 60/70 bitumen and emulsifiers consisting of blends of polyalkylenep-
olyamine condensate of modified and unmodified fatty acids and one or more tallow polyalkylenepolyamines. Percentages
of the polyalkylenepolyamine condensate of modified and unmodified fatty acids ranged from 0-1.0% and percentages
of the tallow polyalkylenepolyamines ranged from 0-1.0%, both by weight of the emulsion. The emulsifier was dissolved
in warm water and treated with hydrochloric acid solution to lower the pH to 2.0. The aqueous solution of emulsifier(s)
in water (called the "soap solution") was heated to 55°C and added to an Atomix-type colloid mills. Aggregate was a 9.5
mm nominal andesite with mine tailings. The P-200 content in the aggregate was 7.5%. Emulsion was diluted to 50%
bitumen residue prior to injection into a parallel drum plant. Sufficient emulsion was pumped into the drum mixer to yield
a Bituminous composition having 5.4% bitumen by weight of the aggregate. No dust was emitted from the dust collector
on the drum mixer during the course of full-scale production of the bituminous composition. The temperature of samples
of the production-scale bituminous composition according to this invention ranged between 80-120°C. The bituminous
mixture was stored in a conventional, unheated hot-mix asphalt storage silo. After roughly eighteen hours of silo storage,
the bituminous composition was discharged to standard 15-ton dump trucks. The trucks discharged the mixture to a
standard hot mix paver, which distributed the mix in depths of 19 mm to 76 mm (0.75 to 3 inches) and widths of 2.44 m
to 3.66 m (eight to twelve feet), according to standard lay-down construction practices. No sticking of the bituminous
composition was observed in the beds of the dump trucks or in the moving parts or screed of the hot-mix paver. Three-
point steel wheel rollers (13-ton) were used as break-down compacters, followed by pneumatic rollers (20-ton) for
finishing compaction. Weather conditions at the time of lay-down, construction, and compaction were roughly 18°C with
a slight drizzle and wind velocity of 3.1 to 4.9 m/s (7-11 miles per hour). Transverse or longitudinal seams were barely
visible, no raveling, rutting, or cracking was observed one hour after production or after 14 months of service under
heavy daily traffic consisting of gravel and hot-mix dump trucks.
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EXAMPLE 17

[0146] Bituminous compositions were also produced by a method of the present invention on a manufacturing scale
in parallel flow drum plants in a second field project the Republic of South Africa, where many new asphalt paving
technologies have been developed. In the second full-scale construction job, solvent-free bitumen emulsions were
prepared using 80/100 bitumen and emulsifiers consisting of blends of polyalkylenepolyamine condensate of modified
and unmodified fatty acids and one or more tallow polyalkylenepolyamines. Percentages of the polyalkylenepolyamine
condensate of modified and unmodified fatty acids ranged from 0-0.30% and percentages of the tallow polyalkylenep-
olyamines ranged from 0-0.30%, both by weight of the emulsion. The emulsifier was dissolved in warm water and treated
with hydrochloric acid solution to lower the pH to 2.0. The aqueous solution of emulsifier(s) in water (called the "soap
solution") was heated to 55°C and added to an Atomix-type colloid mills. Aggregate was a 19-mm nominal basalt. The
P-200 content in the aggregate was roughly 7.0% Emulsion was produced at 68% bitumen residue. Sufficient emulsion
was pumped into the drum mixer to yield a bituminous composition having 5.0% bitumen by weight of the aggregate.
No dust was emitted from the dust collector on the drum mixer during the course of full-scale production of the bituminous
composition. The temperature of samples of the production-scale bituminous composition ranged between 60-120°C
The bituminous mixture was stored briefly in a conventional, unheated hot-mix asphalt storage silo before being metered
to standard 15-ton dump trucks. The trucks discharged the mixture to a standard hot mix paver, which distributed the
mix in depths of 19 mm to 51 mm (0.75 to 2 inches) and widths of 2.44 to 3.05 m (eight to ten feet), according to standard
lay-down construction practices. No sticking of the bituminous composition was observed in the beds of the dump trucks
or in the moving parts or screed of the hot-mix paver. A tandem steel wheel roller (13-ton) was used as break-down
compacters, followed by pneumatic rollers (20-ton) for finishing compaction. Weather conditions at the time of lay-down,
construction, and compaction were roughly 15-20°C. Traffic was opened in less than one hour of completing the com-
paction. Cores were taken after roughly 18 hours of service. Nuclear gauge densities averaged 96.2% of Gmm, as
targeted.

[0147] Many modifications and variations of the present invention will be apparent to one of ordinary skill in the art in
light of the above teachings. It is therefore understood that the scope of the invention is not to be limited by the foregoing
description, but rather is to be defined by the claims appended hereto.

Claims
1. A method for producing a bituminous composition comprising bitumen emulsion and aggregate by the steps of:
(A) preparing a solvent-free bitumen emulsion comprising:
(1) bitumen, in an amount from about 50.0% to about 75.0% by total weight of the bitumen emulsion,
(2) an emulsifierin an amount from about 0.05% to about 2.0% active by total weight of the bitumen emulsion,
and
(3) water in an amount to complete the bitumen emulsion, and
(B) producing the bituminous composition having a temperature from about 50°C to about 140°C by mixing:
(1) the bitumen emulsion of step (A), having a temperature from about 25 °C to about 95 °C, in an amount
from about 2.0% to about 10.0% by total weight of the bituminous composition, and
(2) aggregate, having a temperature from about 60°C to about 140 °C, in an amount from about 90.0% to
about 98.0% by total weight of the bituminous composition,
wherein said bitumen in said emulsion is an 80/100 or harder bitumen.

2. The method of Claim 1 wherein said bitumen is an 80/100 or 60/70 bitumen.

3. The method of Claim 1 wherein said bitumen is a PG64-22 or a styrene-butadiene-styrene (SBS) modified PG64-22
bitumen or a PG70-22 bitumen or a PG78-28 bitumen.

4. The method of Claim 1 wherein said bitumen emulsion contains from about 60.0% to about 70.0% by total weight

of the emulsion of at least one bitumen selected from the group consisting of bitumens, modified bitumens, and
combinations thereof.
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The method of Claim 1 wherein said bitumen is a modified bitumen which contains at least one member selected
from the group consisting of natural rubbers, synthetic rubbers, plastomers, thermoplastic resins, thermosetting
resins, elastomers, and combinations thereof.

The method of Claim 5 wherein said modified bitumen contains at least one member selected from the group
consisting of styrene-butadiene-styrene, styrene-butadiene-rubber, polyisoprene, polybutylenes, butadiene-styrene
rubbers, vinyl polymers, ethylene vinyl acetate, ethylene vinyl acetate derivatives, sulfur-modified bitumens, acid-
modified bitumens, and combinations thereof.

The method of Claim 1 wherein said bitumen emulsion contains from about 0.08% to about 0.75% by total weight
of the emulsion of at least one ionic emulsifier.

The method of Claim 1 wherein said emulsifier is a member selected from the group consisting of amphoteric
emulsifiers, cationic emulsifiers, nonionic emulsifiers and combinations thereof.

The method of Claim 8 wherein said cationic emulsifier is a member selected from the group consisting of fatty
imidazolines derived from C- 12 to C-24 fatty acids, fatty imidoamines derived from C-12 to C-24 fatty acids, rosin
acids, and combinations thereof modified with maleic anhydride, fumaric acid, and/or other ene-and dieneophiles
and further reacted with polyalkylenepolyamines ; fatty amidoamines derived from C-12 to C-24 fatty acids, rosin
acids and combinations thereof modified with acrylic acid, maleic anhydride, fumaric acid, and/or other ene-and
dieneophiles and further reacted with polyalkylenepolyamines; saturated C-12 to C-24 alkyl monoamines, unsatu-
rated C- 12 to C-24 alkyl monoamines, saturated C-12 to C-24 alkyl polypropylenepolyamines; unsaturated C-12
to C-24 alkyl polypropylenepolyamines; saturated C-12 to C-24 alkyl monoamines modified by reaction with ethylene
oxide and/or propylene oxide to give polyoxyethylene derivatives; unsaturated C-12 to C-24 alkyl monoamines
modified by reaction with ethylene oxide and/or propylene oxide to give polyoxyethylene derivatives; saturated C-
12 to C-24 alkyl polypropylenepolyamines modified by reaction with ethylene oxide and/or propylene oxide to give
polyoxyethylene derivatives; unsaturated C-12 to C-24 alkyl polypropylenepolyamines modified by reaction with
ethylene oxide and/or propylene oxide to give polyoxyethylene derivatives; saturated C-12 to C-24 alkyl aryl monoam-
ines, 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; C-12 to C-24 quaternary amines; C-12 to C-24 alkyl
ether amines; C-12 to C-24 alkylether polyamines; C-12 to C-24 alkyl polypropylene polyamine N-oxides; amine
derivatives of tannins, amine derivatives of phenolic resins; amine derivatives of lignins, amine-modified polyacr-
ylates; and combinations thereof.

The method of Claim 8 wherein said amphoteric Emulsifier is a member selected from the group consisting of C-
12 to C-24 fatty acids, rosin acids, and combinations thereof modified with acrylic acid, maleic anhydride, fumaric
acid, and/or other ene-and dieneophiles and further reacted with polyethylene polyamines, lithium C-12 to C-24
alkyl amidopropy! halide methyl carboxylate betaines, sodium C-12 to C-24 alkyl amidopropyl halide methyl carbox-
ylate betaines, potassium C-12 to C-24 alkyl amidopropy! halide methyl carboxylate betaines, lithium C-12 to C-24
alkyl amidopropyl halide phosphate betaines, sodium C-12 to C-24 alkyl amidopropy! 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, and potassium C-12 to C-24
alkyl amidopropyl halide sulphate betaines.

The method of Claim 1 wherein said bituminous composition is produced having a temperature in the range of about
55 ° C to about 120° C.

The method of Claim 1 wherein said bituminous composition is produced having a temperature in the range of about
60 ° C to about 80 ° C.

The method of Claim 1 wherein said aggregate is a member selected from the group consisting of dense-graded
aggregate, gap-graded aggregate, open- graded aggregate, reclaimed asphalt pavement, and combinations thereof.

The method of claim 1 wherein said emulsifier comprises a functionality having a Hildebrand solubility parameter
of 19 (MPa)*2 or higher.

The method of claim 1 wherein said emulsifier comprises a functionality having a Hildebrand solubility parameter
in the range of 19 (MPa)*2 to 25 (MPa)”-.
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The use of the bituminous composition as prepared by a process according to any of the preceding Claims 1 - 15
for paving applications.

The use of Claim 16 wherein the bituminous composition is applied to the surface to be paved at a temperature in
the range of about 50 ° C to about 120 ° C.

The use of Claim 17 wherein the bituminous composition is applied to the surface to be paved at a temperature in
the range of about 55° C to about 100° C.

The use of Claim 18 wherein the bituminous composition is applied to the surface to be paved at a temperature in
the range of about 60 ° C to about 80° C.

20. The use of any of the preceding Claims 16 to 19 wherein the applied bituminous composition is compacted to an
air void content comparable to hot mix pavement compositions made at temperatures exceeding 140° C having
equivalent aggregate gradation and bitumen content.

21. The use of any of the preceding Claims 16 to 19 wherein the applied bituminous composition is compacted to contain
an air void content lower than comparable cold mix pavement compositions made at ambient temperatures having
equivalent aggregate gradation and bitumen content.

22. Theuse of any of the preceding Claims 16 to 19 wherein the applied bituminous composition is compacted to develop
load-bearing strength at a rate comparable to hot mix pavement compositions made at temperatures exceeding
140° C having equivalent aggregate gradation and bitumen content.

23. Theuse of any of the preceding Claims 16 to 19 wherein the applied bituminous composition is compacted to develop
load-bearing strength at a faster rate than that developed by comparable cold mix pavement compositions made at
ambient temperatures having equivalent aggregate gradation and bitumen content.

24. The use of any of the preceding Claims 16 to 18 wherein the applied bituminous composition is compacted to exhibit
faster adhesion development than that exhibited by cold mix pavement compositions made at ambient temperatures
having equivalent aggregate gradation and bitumen content.

25. The use of the bituminous composition as prepared by a method according to any of the preceding Claims 1-15 for
the production of paving blocks.

26. A paved road produced by the use as claimed in any of claims 16 to 25.

Patentanspriiche

1. Verfahren zum Herstellen einer bitumindsen Zusammensetzung, die ein Bitumenemulsion und einen Zuschlagsstoff

umfasst, wobei das Verfahren clip Schritte umfasst:
(A) Vorbereiten einer I6semitteifreien Bitumenemulsion, die umfasst:

(1) Bitumen in einer Menge von etwa 50,0 % bis etwa 75,0 % des Gesamtgewichts der Bitumenemulsion,
(2) einen Emulgator in einer Menge von etwa 0,05 % bis etwa 2,0 %, bezogen auf das Gesamtgewicht der
Bitumenemulsion, und

(3) Wasser in einer Menge, um die Bitumenemulsion zu vervollstdndigen, und

(B) Herstellen der bitumindsen Zusammensetzung, die eine Temperatur von etwa 50°C bis etwa 140°C aufweist,
durch Mischen:

(1) der Bitumenemulsion von Schritt (A), die eine Temperatur von etwa 25°C bis etwa 95°C aufweist, in
einer Menge von etwa 2,0 % bis etwa 10,0 % bezogen auf das Gesamtgewicht der bitumindsen Zusam-
mensetzung, und

(2) des Zuschlagsstoffs, der eine Temperatur von etwa 60°C bis etwa 140°C aufweist, in einer Menge von
etwa 90,0 % bis etwa 98,0 % bezogen auf das Gesamtgewicht der bitumindsen Zusammensetzung,
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wobei der Bitumen in der Emulsion ein 80 / 100 oder harterer Bitumen ist.
Verfahren gemafR Anspruch 1, wobei der Bitumen ein 80/100 oder 60/70 Bitumen ist.

Verfahren gemafR Anspruch 1, wobei der Bitumen ein PG64-22 oder ein Styrol-Butadien-Styrol (SBS) modifizierter
PG64-22 Bitumen oder ein PG70-22 Bitumen oder ein PG78-28 Bitumen ist.

Verfahren gemafR Anspruch 1, wobei die Bitumenemulsion wenigstens ein Bitumen von etwa 60,0 % bis etwa 70,0
% bezogen auf das Gesamtgewicht der Emulsion enthalt, und der Bitumen ausgewahlt ist aus einer Gruppe beste-
hend aus, Bitumen, und modifizierten Bitumen und Kombinationen davon.

Verfahren gemaf Anspruch 1, wobei der Bitumen ein modifizierter Bitumen ist, der wenigstens ein Element enthalt,
das ausgewahlt ist aus der Gruppe bestehend aus, natirlichen Gummis, synthetischen Gummis, Plastomeren,
thermoplastischen Kunststoffen, duroplastischen Kunststoffen, Elastomeren und Kombinationen davon.

Verfahren gemaR Anspruch 5, wobei der modifizierte Bitumen wenigstens ein Element enthélt, das ausgewahlt ist
aus der Gruppe bestehend aus, Styrol-Butadien-Styrol, Styrol-Butadien-Gummi, Polyisoprenen, Polybuthylenen,
Butadien-Styrol-Gummis, Vinylpolymeren, Ethylenvinylacetat, Ethylenvirylacetatderivaten, Schwefel-modifizierte-
Bitumen, Saure-modifizierte-Bitumen und Kombinationen davon.

Verfahren gemaf Anspruch 1, wobei die Bitumenemulsion wenigstens einen ionischen Emulgator enthalt, und zwar
von etwa 0,08 % bis etwa 0,75 % bezogen auf das Gesamtgewicht der Emulsion.

Verfahren gemaf Anspruch 1, wobei der Emulgator ein Element ist, das ausgewahlt ist aus der Gruppe bestehend
aus, amphoteren Emulgatoren, kationischen Emulgatoren, nichtionischen Emulgatoren und Kombinationen davon.

Verfahren gemaf Anspruch 8, wobei der kationische Emulgator ein Element ist, das ausgewahlt ist aus der Gruppe
bestehend aus, Fettimidazolinen die abgeleitet sind von C-12 bis C-24 Fettsduren, Fettimidoaminen, die abgeleitet
sind von C-12 bis C-24 Fettsaure, Harzsduren und Kombinationen davon, die modifiziert sind mit Maleinanhydriden,
Fumarséure und/oder anderen Ein- und Dieneophilen und weiter reagiert sind mit Polyalkylenpolyaminen; Fettami-
doamine, die abgeleitet sind von C-12 bis C-24 Fettsduren, Harzsduren und Kombinationen davon, die modifiziert
sind mit Acrylsdure, Maleinanhydrid, Fumarsaure und/oder Ein-Dieneophilen und weiter reagiert sind mit Polyalky-
lenpolyaminen; gesattigte C-12 bis C-24 Alkylmonoamine, ungesattigten C-12 bis C-24 Alkylmonoamine, gesattigten
C-12 bis C-24 Alkylpolypropylenpolyamine; ungesatigten C-12 bis C-24 Alkylpolypropylenpolyaminen; gesatigte C-
12 bis C-24 Alkylmonoaminen, die modifiziert sind durch Reaktion mit Ethylenoxid und/oder Propylenoxid, um
Polyoxyethylenderivate zu ergeben; ungesattigte C-12 bis C-24 Alkylmonoamine, die modifiziert sind durch Reaktion
mit Ethylenoxid und/oder Propylenoxid, um Polyoxyethylenderivate zu ergeben; gesattigte C-12 bis C-24 Alkylpo-
lypropylenpolyamine, die modifiziert sind durch Reaktion mit Ethylenoxid und/oder Propylenoxid, um Polyoxyethy-
lenderivate zu ergeben; ungesattigte C-12 bis C-24 Alkylpolypropylenpolyamine, die modifiziert sind durch Reaktion
mit Ethylenoxid und/oder Propylenoxid, um Polyoxyethylenderivate zu ergeben; geséattigte C-12 bis C-24 Alkylaryl-
monoamine, ungesattigte C-12 bis C-24 Alkylarylmonoamine, gesattigte C-12 bis C-24 Alkylarylpotypropylenpoly-
amine, ungesattigte C-12 bis C-24 Alkylarylpolypropylenpolyamine; C-12 bis C-24 quartare Amine; C-12 bis C-24
Alkyletheramine; C-12 bis C-24 Alkyletherpolyamine; C-12 bis C-24 Alkylpolypropylenpolyamin-N- Oxide; Aminde-
rivate von Tanninen, Aminderivaten von Phenolharzen: Aminderivate von Ligninen, Amin-modifizierte Polyacrylate;
und Kombinationen davon.

Verfahren gemaf Anspruch 8, wobei der amphotere Emulgator ein Element ist, das ausgewahlt ist aus der Gruppe
bestehend aus, C-12 bis C-24 Fettsduren, Harzsauren und Kombinationen davon, die modifiziert sind mit Acrylsaure,
Maleinanhydrid, Fumarsaure und/oder anderen Ein- und Dineophilen und weiter reagiert sind mit Polyethylenpoly-
aminen, Lithium C-12 bis C-24 Alkylamidopropylhalidmethylcarboxylatbetainen, Natrium C-12 bis C-24
Alkylamidopropylhalidmethylcarboxylatbetainen, Kalium C-12 bis C-24 Alkylamidopropylhalidmethylcarboxylatbe-
tainen, Lithium C-12 bis C24 Alkylamidopropylhalidphosphatbatainen, Natrium C-12 bis C24 Alkylamidopropylha-
lidphosphatbatainen, Kalium C-12 bis C-24 Alkylamidopropylhalidphosphatbatainen, Lithium C-12 bis C-24 Alkyla-
midopropylhalidsulphatbetainen und Kalium C-12 bis C-24 Alkylamidopropylhalidsulphatbetainen.

Verfahren gemafR Anspruch 1, wobei die bitumindse Zusammensetzung bei einer Temperatur hergestellt wird, die
in einen Bereich von etwa 55°C bis etwa 120°C hat.
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Verfahren gemaR Anspruch 1, wobei die bitumindse Zusammensetzung bei einer Temperatur hergestellt wird, die
einen Bereich von etwa 60°C bis zu etwa 80°C hat.

Verfahrengemaf Anspruch 1, wobei der Zuschlagsstoff ein Elementistdas ausgewahltist aus der Gruppe bestehend
aus, nach Dichte abgestuften Zuschlagsstoff, nach Zwischenraum-abgestuften Zuschlagsstoff, nach offenabgestuf-
ten Zuschlagststoff, wiedergewonnener Asphaltstrae und Kombinationen davon.

Verfahren gemaf Anspruch 1, wobei der Emulgator eine Funktionalitdt umfasst, die einen Hildebrand-Léslichkeits-
Parameter von 19 (MPa)"2 oder héher aufweist.

Verfahren gemaf Anspruch 1, wobei der Emulgator eine Funktionalitdt umfasst, die einen Hildebrand-Lé&slichkeits-
Parameter in dem Bereich von 19 (MPa)”2 bis 25 (MPa)z aufweist.

Verwendung der bitumindsen Zusammensetzung, die nach einem Verfahren gemaf einem der vorherigen Anspri-
che 1, bis 15 fur Pflasteranwendungen hergestellt ist.

Verwendung gemaR Anspruch 16, wobei die bituminése Zusammensetzung auf die Oberflache aufgebracht wird,
die gepflastert werden soll, und zwar bei einer Temperatur in einem Bereich von etwa 50°C bis etwa 120°C.

Verwendung gemaR Anspruch 17, wobei die bitumindse Zusammensetzung auf die Oberflache aufgebracht wird,
die gepflastert werden soll, und zwar bei einer Temperatur in einem Bereich von etwa 55°C bis etwa 100°C.

Verwendung gemaR Anspruch 18, wobei die bitumindse Zusammensetzung auf die Oberflache aufgebracht wird,
die gepflastert werden soll, und zwar bei einer Temperatur in einem Bereich von etwa 60°C bis etwa 80°C.

Verwendung gemal einem der vorherigen Anspriiche 16 bis 19, wobei die aufgebrachte bituminése Zusammen-
setzung verdichtet ist zu einem Lufthohlraumanteil, der vergleichbar ist mit heil® gemischten Pflasterzusammenset-
zungen, die bei Temperaturen hergestellt werden, die 140°C Ubersteigen und &quivalente Zuschlagsstoffabstufun-
gen und einen dquivalenten Bitumengehalt aufweisen.

Verwendung gemal einem der vorherigen Anspriiche 16 bis 19, wobei die aufgebrachte bituminése Zusammen-
setzung verdichtet ist, um einen Lufthohlraumanteil zu enthalten, der niedriger ist als eine kalt gemischte Pflaster-
zusammensetzung, die bei Umgebungstemperaturen hergestellt wird, und &quivalente Zuschlagsstoffabstufungen
und einen aquivalenten Bitumengehalt aufweisen.

Verwendung gemal einem der vorherigen Anspriiche 16 bis 19, wobei die aufgebrachte bituminése Zusammen-
setzung verdichtet ist, um eine Druckfestigkeit zu entwickeln, in einem Male, dass vergleichbar ist mit heil} ge-
mischten Pflasterzusammensetzungen, die bei Temperaturen hergestellt sind, die 140°C lbersteigen, und aquiva-
lente Zuschlagsstoffabstufungen und einen aquivalenten Bitumengehalt aufweisen.

Verwendung gemal einem der vorherigen Anspriiche 16 bis 19, wobei die aufgebrachte bituminése Zusammen-
setzung verdichtet wird, um eine Druckfestigkeit in einem schnelleren MalRe zu entwickeln, als die, die durch ver-
gleichbare kalt gemischte Pflasterzusammensetzungen entwickelt wird, die bei Umgebungstemperaturen hergestellt
werden und aquivalente Zuschlagsstoffabstufungen und einen aquivalenten Bitumengehalt aufweisen.

Verwendung gemal einem der vorherigen Anspriiche 16 bis 18, wobei die aufgebrachte bituminse Zusammen-
setzung verdichtet wird, um eine schnellere Adhasionsentwicklung zu zeigen, als die, die durch kalt gemischte
Pflasterzusammensetzungen gezeigt wird, die bei Umgebungstemperaturen hergestellt werden und aquivalente
Zuschlagsstoffabstufungen und einen aquivalenten Bitumengehalt aufweisen.

Verwendung der bitumindsen Zusammensetzung, die nach einem Verfahren der vorherigen Anspriiche 1-15 zube-
reitet wird, und zwar zur Herstellung von Pflasterblécken.

Gepflasterte Stral3e, die durch die Verwendung gemaf einem der Anspriiche 16 bis 25 hergestellt wird.
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Revendications

1. Procédé de production d’'une composition bitumineuse comprenant une émulsion de bitume et un agrégat, com-
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portant les étapes suivantes :
A) préparer une émulsion de bitume sans solvant, comprenant :

1) un bitume, en une quantité représentant d’environ 50,0 % a environ 75,0 % du poids total de I'émulsion
de bitume,

2) un émulsifiant, en une quantité de produit actif représentant d’environ 0,05 % a environ 2,0 % du poids
total de ’émulsion de bitume,

3) et de I'eau, en la quantité appropriée pour compléter 'émulsion de bitume ;

B) et produire une composition bitumineuse présentant une température d’environ 50 °C a environ 140 °C, en
mélangeant :

1) 'émulsion de bitume obtenue dans I'étape (A), prise a une température d’environ 25 °C a environ 95
°C, en une quantité représentant d’environ 2,0 % a environ 10,0 % du poids total de la composition bitu-
mineuse,

2) et un agrégat, pris a une température d’environ 60 °C a environ 140 °C, en une quantité représentant
d’environ 90,0 % a environ 98,0 % du poids total de la composition bitumineuse ;

dans lequel procécé ledit bitume de ladite émulsion est un bitume de la classe de dureté 80/100 ou un bitume plus dur.
Procédé conforme a la revendication 1, dans lequel ledit bitume est un bitume de la classe de dureté 80/100 ou 60/70.

Procédé conforme a la revendication 1, dans lequel ledit bitume est un bitume de type PG64-22, un bitume de type
PG64-22 modifié au SBS (copolymere styréne-butadiéne-styréne), un bitume de type PG 70-22 ou un bitume de
type PG78-28.

Procédé conforme a la revendication 1, dans lequel ladite émulsion de bitume contient d’environ 60,0 % a environ
70,0%, par rapport au poids total de I'émulsion, d’au moins un bitume choisi dans I'ensemble constitué par les
bitumes, les bitumes modifiés et leurs combinaisons.

Procédé conforme a la revendications 1, dans lequel ledit bitume est un bitume modifié qui contient au moins un
élément choisi dans I'ensemble formé par les caoutchoucs naturels, les caoutchoucs synthétiques, les plastomeres,
les résines thermoplastiques, les résines thermodurcissables et les élastomeres, ainsi que leurs combinaisons.

Procédé conforme a la revendication 5, dans lequel ledit bitume modifié contient au moins un élément choisi dans
'ensemble formé par les suivants : copolymeres styréne-butadiene-styrene, caoutchoucs styrene-butadiéne, poly-
isopréne, polybutylénes, caoutchoucs butadiéne-styréne, polymeres polyvinyliques, copolyméres d’éthylene et
d’acétate de vinyle et leurs dérivés, bitumes modifiées au soufre, et bitumes modifiés a I'acide, ainsi que leurs
combinaisons.

Procédé conforme a la revendication 1, dans lequel ladite émulsion de bitume contient d’environ 0,08 % a environ
0,75 %, par rapport au poids total de I'émulsion, d’au moins un émulsifiant ionique.

Procédé conforme a la revendication 1, dans lequel ledit émulsifiant est un élément choisi dans I'ensemble formé
par les émulsifiants amphotéres, les émulsifiants cationiques et les émulsifiants non-ioniques, ainsi que leurs com-
binaisons.

Procédé conforme alarevendication 8, dans lequel ledit émulsifiant cationique est un élément choisi dans I'ensemble
formé par les suivants : imidazolines & chaine(s) grasse(s) dérivées d’acides gras en C;,-C,, ; imido-amines a
chaine(s) grasse(s) dérivées d’acides gras en C;,-C,,, d’acides résiniques et de combinaisons de tels acides,
modifiées avec de I'anhydride maléique, de I'acide fumarique et/ou d’autres énophiles et diénophiles et amenées
ensuite a réagir avec des polyalkyléne-polyamines ; amido-amines a chaine(s) grasse(s) dérivées d’acides gras en
C4-C,4, d’acides résiniques et de combinaisons de tels acides, modifiées avec de I'acide acrylique, de I'anhydride
maléique, de I'acide fumarique et/ou d’autres énophiles et diénophiles et amenées ensuite a réagir avec des poly-
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alkyléne-polyamines ; (alkyle en C;,-C,, saturé)-monoamines, (alkyle en C,,-C4, insaturé)-monoamines, (alkyle
en C45-Cyy saruré)-polypropyléne-polyamines, (alkyle en C4,-C,,4 insaturé)-polypropyléne-polyamines ; (alkyle en
C45-C,4 saturé)-monoamines, modifiées par réaction avec de 'oxyde d’'éthyléne et/ou de I'oxyde de propyléne pour
donner des dérivés de type poly(oxy-éthyléne) ; (alkyle en C4,-C,4 insaturé)-monoamines, modifiées par réaction
avec de l'oxyde d’éthyléne et/ou de I'oxyde de propyléne pour donner des dérivés de type poly(oxy-éthylene) ;
(alkyle en C4,-C,, saturé)-polypropyléne-polyamines, modifiées par réaction avec de I'oxyde d’éthyléne et/ou de
I'oxyde de propyléne pour donner des dérivés de type poly(oxy-éthyléne) ; (alkyle en C4,-C,, insaturé)-polypropy-
Ieéne-polyamines, modifiées par réaction avec de I'oxyde d’'éthyléne et/ou de 'oxyde de propyléne pour donner des
dérivés de type poly(oxy-ethyléne) ; (alkyle en C4,-C,, saturé)-aryl-monoamines, (alkyle en C4,-C,, insaturé)-aryl-
monoamines, (alkyle en C4,-C,, saturé)-aryl-polypropyléne-polyamines, (alkyle en C,-C,, insaturé)-aryl-polypro-
pylene-polyamines ; dérivés quaternaires d’amines & chaine(s) en C4,-Cy, ; (alkyle en C45,-C,,)-éther-amines, (alk-
yle en C,,-C,,)-éther-polyamines ; N-oxydes de (alkyle en C,,-C,,)-polypropyléne-polyamines ; dérivés aminés de
tanins, dérivés aminés de résines phénoliques, dérivés aminés de lignines, polyacrylates modifiés en amines ; et
leurs combinaisons.

Procédé conforme alarevendication 8, dans lequel ledit émulsifantamphotére est un élément choisi dans I'ensemble
formé par les suivants : acides gras en C4,-C,,, acides résiniques, et leurs combinaisons, modifiés avec de I'acide
acrylique, de I'anhydride maléique, de I'acide fumarique et/ou d’autres énophiles et diénophiles et amenés ensuite
a réagir avec des polyéthylene-polyamines ; bétaines de (alkyle en C,-C,,)-amidopropyl-halogénure-méthyl-car-
boxylate de lithium, bétaines de (alkyle en C;,-C,,)-amidopropyl-halogénure-méthyl-carboxylate de sodium, bétai-
nes de (alkyle en C,,-C,4)-amidopropyl-halogénure-méthyl-carboxylate de potassium, bétaines de (alkyle en
C45-Cyy)-amidopropyl-halogénure-phosphate de lithium, bétaines de (alkyle en C,,-C54)-amidopropyl-halogénure-
phosphate de sodium, bétaines de (alkyle en C4,-C,,)-amidopropyl-halogénure-phosphate de potassium, bétaines
de (alkyle en C4,-C,,)-amidopropyl-halogénure-sulfate de lithium, bétaines de (alkyle en C;,-C,4)-amidopropyl-
halogénure-sulfate de sodium, et bétaines de (alkyle en C4,-C,,)-amidopropyl-halogénure-sulfate de potassium.

Procédé conforme a la revendication 1, dans lequel ladite composition bitumineuse produite est a une température
située dans l'intervalle allant d’environ 55 °C a environ 120 °C.

Procédé conforme a la revendication 1, dans lequel ladite composition bitumineuse produite est a une température
située dans l'intervalle allant d’environ 60 °C a environ 80 °C.

Procédé conforme a la revendication 1, dans lequel ledit agrégat est un élément choisi dans I'ensemble formé par
un agrégat a haute densité, un agrégat a granulométrie discontinue, un agrégat grossier trés poreux, un agrégat
de récupération de chaussée en asphalte, et les combinaisons de tels agrégats.

Procédé conforme a la revendication 1, dans lequel ledit émulsifiant comprend un groupe fonctionnel dont le para-
métre de solubilité de Hildebrand vaut 19 MPa'2 ou plus.

Procédé conforme a la revendication 1, dans lequel ledit émulsifiant comprend un groupe fonctionnel dont le para-
métre de solubilité de Hildebrand vaut de 19 & 25 MPa'/2,

Utilisation d’'une composition bitumineuse préparée par un procédé conforme a l'une des revendications 1 a 15 pour
des applications de revétement de sol.

Utilisation conforme a la revendication 16, dans laquelle la composition bitumineuse est appliquée sur la surface a
recouvrir a une température située dans l'intervalle allant d’environ 50 °C a environ 120 °C.

Utilisation conforme a la revendication 17, dans laquelle la composition bitumineuse est appliquée sur la surface a
recouvrir a une température située dans l'intervalle allant d’environ 55 °C a environ 100 °C.

Utilisation conforme a la revendication 18, dans laquelle la composition bitumineuse est appliquée sur la surface a
recouvrir a une température située dans l'intervalle allant d’environ 60 °C a environ 80 °C.

Utilisation conforme a I'une des revendications 16 a 19 précédentes, dans laquelle la composition bitumineuse
appliquée est tassée jusqu’a ce que sa teneur en bulles d’air soit comparable a celles de compositions de revétement
de sol trés chaudes, préparées a des températures excédant 140 °C, contenant des agrégats de classe équivalente
et présentant une teneur en bitume équivalente.
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Utilisation conforme a I'une des revendications 16 a 19 précédentes, dans laquelle la composition bitumineuse
appliquée est tassée jusqu’a ce que sa teneur en bulles d’air soit moindre que celles de compositions comparables
derevétement de sol froides, préparées aux températures ambiantes, contenant des agrégats de classe équivalente
et présentant une teneur en bitume équivalente.

Utilisation conforme a I'une des revendications 16 a 19 précédentes, dans laquelle la composition bitumineuse
appliquée est tassée de maniére a ce que sa résistance a la charge s’établisse a une vitesse comparable a ce que
'on observe pour des compositions de revétement de sol trés chaudes, préparées a des températures excédant
140 °C, contenant des agrégats de classe équivalente et présentant une teneur en bitume équivalente.

Utilisation conforme a I'une des revendications 16 a 19 précédentes, dans laquelle la composition bitumineuse
appliquée est tassée de maniére a ce que sa résistance a la charge s’établisse a une vitesse plus grande que ce
que I'on observe pour des compositions de revétement de sol froides, préparées aux températures ambiantes,
contenant des agrégats de classe équivalente et présentant une teneur en bitume équivalente.

Utilisation conforme a I'une des revendications 16 a 18 précédentes, dans laquelle la composition bitumineuse
appliquée est tassée de maniere a ce que son adhérence s’établisse a une vitesse plus grande que ce que I'on
observe pour des compositions de revétement de sol froides, préparées aux températures ambiantes, contenant
des agrégats de classe équivalente et présentant une teneur en bitume équivalente.

Utilisation d’'une composition bitumineuse préparée par un procédé conforme a l'une des revendications 1 a 15 pour
la production de blocs de revétement de sol.

Route revétue construite grace a une utilisation conforme a I'une des revendications 16 a 25.
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