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(57) ABSTRACT 

This invention relates to bituminous compositions and meth 
ods of producing the same. More particularly, the invention 
relates to the production of bituminous compositions for 
mulated With performance-graded bitumen-containing sol 
vent-free bitumen emulsions Which exhibit controllable, 
temperature-dependent interfacial rheology. When 
employed in paving applications, these bituminous compo 
sitions 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. 
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METHOD FOR PRODUCING BITUMINOUS 
COMPOSITIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of PCT Applica 
tion No. PCT/US2005/002916, ?led Jan. 27, 2005, Which 
claims priority from US Provisional Application No. 
60/545,713, ?led Feb. 18, 2004. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field Of Invention 

[0003] This invention relates to bituminous compositions, 
methods of producing the same, and pavement made from 
said bituminous compositions. More particularly, the inven 
tion relates to the production of bituminous compositions 
formulated With solvent-free bitumen emulsions Which 
exhibit controllable, temperature-dependent interfacial rhe 
ology. 
[0004] 2. Description of the Related Art 

[0005] Cold mix paving compositions are made by mixing 
bitumen emulsion With aggregate at ambient temperature 
(i.e., temperature less than about 400 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 su?icient strength values adequate 
to support heavy tra?ic 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). 
[0006] 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 coales 
cence of emulsion. US. Pat. 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. 

[0007] HoWever, these methods suffer from a lack of 
control of the timing of the pH-shifting chemistry. In any 
construction process involving bitumen emulsions, the pre 
mature breaking or coalescence of the bitumen emulsions 
adversely affects performance in production, handling, 
transport, and other end-use application operations. Prema 
turely broken emulsions often fail to adequately coat aggre 
gate and generally result in high-viscosity bitumen-aggre 
gate mixtures Which can be troublesome to discharge from 
trucks, may excessively stick to paving equipment, and 
Which can be di?icult 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 undesir 
able effects on mix processing and pavement applications. 

[0008] Attempts have been made to control the initiation 
of pH-shifting chemistries in bitumen emulsions. For 
example, US. Pat. No. 5,256,195 to Redelius (Which is 
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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 evaporated into the atmosphere. 

[0009] The formulation and production of fast-breaking 
bituminous emulsions by the use of rapid-setting (or spray 
grade) or quick-setting emulsi?ers is generally knoWn (e.g., 
US. Pat. 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 unsuit 
able for construction of load-bearing asphalt pavements that 
exhibit complete aggregate coating, compact to required 
densities in the ?eld, 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 imme 
diately upon contact With mineral aggregate surfaces. The 
term “rapid-setting” is a de?ning 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 emul 
sion produces a mix With high viscosity. The failure to 
adequately compact leads to loW density pavements Which 
fail under tra?ic 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). 

[0010] 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 
insu?icient 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 US. Pat. Nos. 
4,462,840 and 5,085,704, incorporated hereby by reference, 
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 sur 
face prior to the development of such cohesive strength that 
they do not How or cannot be spread. 
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[0011] SloW-setting emulsi?ers are commonly employed 
in the production at ambient-temperature of emulsion-based 
road paving compositions for load bearing pavements. 
SloW-setting emulsi?ers 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 
?nes aggregate gradations, sloW-setting emulsions do not 
break either prior to or during compaction, thereby rendering 
the mixture easy to compact at ambient temperatures. HoW 
ever, pavement compositions made at ambient-temperature 
With sloW-setting bituminous emulsions are very sloW to 
develop adhesion and cure to strengths su?icient to bear the 
stress of heavy traf?c. 

[0012] In contrast to cold mix paving compositions, hot 
mix paving compositions do not contain bitumen emulsions, 
but are instead produced by mixing non-emulsi?ed 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 aggre 
gate coating and (2) to ensure that the ?nished hot mixture 
of aggregate and bitumen shoWs no moisture sensitivity in 
the ?nished pavement layer once it is transported, laid doWn, 
and compacted. 

[0013] Hot, dry aggregate produced in conventional hot 
mix operations is mixed With bitumen (Which is previously 
lique?ed 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 com 
pacted 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 compac 
tion of the mixture become extremely dif?cult and design 
densities (air voids) cannot be realiZed. 

[0014] Therefore, it is an object of the present invention to 
disclose a method of producing bituminous compositions. 

[0015] Another object of the present invention is to dis 
close bituminous compositions Which are suitable for use in 
paving applications and to provide a paved road. 

[0016] Yet another object of the present invention is to 
produce bituminous compositions at temperatures substan 
tially beloW those of hot mix asphalt compositions. 

[0017] A further object of the present invention is to 
produce bituminous compositions, using rapid-setting and/ 
or quick-setting emulsi?ers, Which exhibit substantially 
complete aggregate coating, compact to required densities in 
the ?eld, and Which rapidly develop load-bearing strength. 

[0018] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. 
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SUMMARY OF THE INVENTION 

[0019] The objects of this invention are met by a method 
for producing bituminous compositions suitable for use in 
paving applications, made by controlling temperature-de 
pendent interfacial rheology in a broad range of solvent-free, 
high-residue bitumen emulsions containing bitumen. To 
produce the solvent-free bitumen emulsions in these paving 
compositions, emulsi?ers are employed With structural char 
acteristics that impart loW interfacial viscosity, loW 
Marangoni effect, and high interfacial bitumen solubility, at 
elevated temperatures. The use of bitumens in these emul 
sions With solubility parameters comparable With those of 
the emulsi?er is preferred. The improved combination of 
emulsi?ers, 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 densi?cation and accel 
erated strength development in the compacted state. 

[0020] This invention teaches the formulation of solvent 
free bitumen emulsions, Which are based on bitumens and 
Which exhibit controllable, temperature-dependent interfa 
cial rheology, and use of said these emulsions to fully coat 
aggregate, thereby producing bituminous compositions suit 
able 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 traf?c-ready strengths far in excess of 
those achieved With compacted, conventional cold emul 
sion-based paving compositions and equal or superior to 
those of compacted, hot mix paving compositions. 

[0021] When employed in paving applications, these bitu 
minous compositions develop adhesive strength and load 
bearing strength properties at rates comparable to traditional 
hot mix paving compositions and at rates faster than tradi 
tional cold mix paving compositions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] For a better understanding of the invention, refer 
ence 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. 

[0023] FIG. 1 shoWs the shear stress evaluation of a 
solvent-free bitumen emulsion produced in Example 1 con 
taining 0.5% by total Weight of bitumen emulsion (bWe) of 
emulsi?er (talloW polyalkylenepolyamines) at 60% residue 
of PG70-22 bitumen; 

[0024] FIG. 2 shoWs the shear stress evaluation of a 
bitumen emulsion produced in Example 8 containing 1.0% 
bWe of emulsi?er (modi?ed tall oil fatty acid condensate of 
polyethylene polyamine) at 60% residue of PG64-22 bitu 
men; and 

[0025] FIG. 3 shoWs the shear stress evaluation of a 
bitumen emulsion produced in Example 9 containing 0.75% 
bWe of emulsi?er (a blend of modi?ed and unmodi?ed 
C16-C18 fatty acid condensate of polyethylene polyamine) 
at 60% residue of PG70-22 bitumen. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] The present inventions noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which some, but not all embodiments of the inven 
tion 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. 
[0027] There is provided a method for producing bitumi 
nous compositions of the present invention comprising 
bitumen emulsion and aggregate. The bitumen emulsion is 
solvent-free and contains bitumen, an emulsi?er, and Water 
in an amount to complete the bitumen emulsion. The bitu 
minous composition is produced at a temperature from about 
50° C. to about 140° C. by mixing: 

[0028] 1) the bitumen emulsion, 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 

[0029] 2) aggregate, having a temperature from about 
60° C. to about 140° C., in an amount from about 
90.0% to about 99.0% by total Weight of the bitumi 
nous composition. 

[0030] 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 
bitumen. In addition to bitumens that are suitable for use in 
the present invention, the invention includes modi?ed bitu 
mens, and combinations thereof. As used herein, the “bitu 
mens” and “modi?ed bitumens” are those Which exhibit 
rheological properties that are appropriate for paving appli 
cations under speci?c climatic conditions, for example, 
those Which conform to the Strategic HighWay Research 
Program (SHRP) pavement binder speci?cations. The bitu 
men 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. 

[0031] Any additive Which is traditionally added to bitu 
men to produce a modi?ed bitumen meeting property speci 
?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-buta 
diene-styrene (SBS), styrene-butadiene-rubber (SBR), poly 
isoprene, polybutylenes, butadiene-styrene rubbers, vinyl 
polymers, ethylene vinyl acetate, ethylene vinyl acetate 
derivatives, neoprene and the like. It is preferred that the 
modi?ed bitumen contain at least one member selected from 
the group consisting of styrene-butadiene-styrene, styrene 
butadiene-rubber, sulfur-modi?ed bitumen, acid-modi?ed 
bitumen and combinations thereof. It is Well Within the 
ability of a skilled artisan to produce modi?ed bitumen 
containing the noted additives. 

[0032] Where desired, additional additives traditionally 
employed in the production of bitumen emulsions may be 
incorporated into the aqueous phase of the bitumen emulsion 
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in order to adjust the characteristics of the ?nished mix. 
Suitable additives include styrene-butadiene-rubber latex, 
polyisoprene latex, neoprene, associative thickners, 
starches, salts, and the like. 

[0033] 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 of the present invention is comprised of at least 
one emulsi?er. Suitable emulsi?ers include: amphoteric 
emulsi?ers, cationic emulsi?ers, nonionic emulsi?ers and 
combinations thereof. 

[0034] Bitumen emulsions are of the oil-in-Water type; 
they consist of a suspension of bituminous particles dis 
persed 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 
emulsi?ers are characterized by the capacity to loWer inter 
facial 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 emulsi?ers taught herein to prepare the 
solvent-free bitumen emulsions of the present invention. 

[0035] Ionic emulsi?ers Which are suitable for use in the 
present invention include amphoteric emulsi?ers, cationic 
emulsi?ers, and combinations thereof. 

[0036] As used herein the term “amphoteric emulsi?ers” 
includes both mono-amphoteric and polyamphoteric emul 
si?ers. Amphoteric emulsi?ers 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 modi?ed 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 amidopropyl halide sulphate betaines, 
potassium C-12 to C-24 alkyl amidopropyl halide sulphate 
betaines. 

[0037] Cationic emulsi?ers 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 modi?ed 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 modi?ed With 
acrylic acid, maleic anhydride, fumaric acid, and/or other 
ene- and dieneophiles and further reacted With polyalkyle 
nepolyamines; 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 
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to C-24 alkyl polypropylenepolyamines; saturated C-12 to 
C-24 alkyl monoamines modi?ed by reaction With ethylene 
oxide and/or propylene oxide to give polyoxyethylene 
derivatives; unsaturated C-12 to C-24 alkyl monoamines 
modi?ed by reaction With ethylene oxide and/or propylene 
oxide to give polyoxyethylene derivatives; saturated C-12 to 
C-24 alkyl polypropylenepolyamines modi?ed by reaction 
With ethylene oxide and/or propylene oxide to give poly 
oxyethylene derivatives; unsaturated C-12 to C-24 alkyl 
polypropylenepolyamines modi?ed by reaction With ethyl 
ene 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 polypropylenepolyamines, unsatur 
ated 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-modi?ed polyacrylates; and 
combinations thereof. It is preferred that the cationic emul 
si?er 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 emulsi?er 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 polypropy 
lenepolyamines. As used herein, the term “cationic emulsi 
?ers” includes the above-noted compounds and their deriva 
tives. 

[0038] The emulsi?ers of the present invention not only 
convey the high-temperature shear-stability needed for mix 
ing (and subsequent compacting) of the bituminous compo 
sitions, but also impart a high viscosity to the bitumen 
emulsion (so that no thickener is needed for emulsion 
stability or for increased ?lm coating on the aggregate) to 
enhance bitumen Wetting of the aggregate surface, and to 
loWer interfacial tension betWeen the bitumen ?lm and 
aggregate (so that a strong adhesive bond is maintained and 
Water damage to the pavement is prevented). 

[0039] Emulsi?er formulations are further classi?ed 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 emulsi?er, Will break upon 
contact With mineral aggregate. While rapid-setting, quick 
setting, and sloW-setting emulsi?ers are suitable for use in 
the present invention, it is preferred to employ rapid-setting 
or quick-setting emulsi?ers. It is further preferred to employ 
rapid-setting emulsi?ers 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 emulsi?er dosages. Quick-setting 
and sloW-setting emulsi?ers require higher dosages and do 
not impart the target interfacial properties in the ?nished 
emulsion. Additionally, high emulsi?er dosages are costly, 
contribute to loW rates of compressive strength develop 
ment, and increase moisture sensitivity in the ?nished pave 
ment. 
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[0040] It is preferred that the bitumen emulsion be sol 
vent-free. Environmental concerns have driven the reduc 
tion, 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 de?ned to include 
a minor portion of organic solvents. For example, “solvent 
free” has at one time been de?ned in the state of Pennsyl 
vania 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, ?ux, 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 compo 
sition 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 environ 
mental temperature of less than about 40° C. 

[0041] Where desired, the bitumen emulsions of 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. 

[0042] The bituminous compositions of the present inven 
tion are produced at a temperature in the range of about 50° 
C. to about 140° C. (preferably in the range of about 55° C. 
to about 120° C., and more preferably in the range of about 
60° C. to about 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 about 25° 
C. to about 95° C. (preferably in the range of about 60° C. 
to about 80° C.), and from about 90% to about 98% by total 
Weight of the bituminous composition of aggregate at a 
temperature in the range of about 60° C. to about 140° C. 
(preferably in the range of about 60° C. to about 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. 

[0043] Aggregate used in paving materials and road con 
struction, road rehabilitation, road repair, and road mainte 
nance are derived from natural and synthetic sources. As in 
any construction 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 ?nished pavement that meets the performance 
speci?cations 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 great 
est mineral surface area (per unit of aggregate). Open-graded 
aggregate largely consist of a single, large-siZed (e.g., 
around 0.375 to 1.0 inch) stone With very loW levels (typi 
cally less than about tWo percent of the total aggregate) of 
?nes (material less than 0.25 inch) or ?ller (mineral material 
less than 0.075 mm). Gap graded aggregate fall betWeen 
dense-graded and open-graded classes. Reclaimed asphalt 
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pavement (RAP) material generally re?ects 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 ?ller 
content is generally observed to be loWer than the design 
limits of the origin aggregate speci?cations. 

[0044] Any aggregate Which is traditionally employed in 
the production of bituminous paving compositions is suit 
able for use in the present invention, including dense-graded 
aggregate, gap-graded aggregate, open-graded aggregate, 
reclaimed asphalt pavement, and mixtures thereof. Aggre 
gate Which is not fully dried can be employed in the present 
invention. 

[0045] Where used in paving applications, it is preferred 
that the bituminous compositions 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 80° C.). 

[0046] Once applied to the surface to be paved, the bitu 
minous compositions of the present invention can be com 
pacted as desired using any of the compaction methods 
traditionally employed for paving applications. It is pre 
ferred that the applied bituminous compositions be com 
pacted to an air void content comparable to hot mix pave 
ment compositions made at temperatures exceeding 140° C. 
having substantially equivalent aggregate gradation and 
bitumen content. 

[0047] Likewise, it is further preferred that the applied 
bituminous compositions be compacted to an air void con 
tent loWer than comparable cold mix pavement composi 
tions made at ambient temperatures (i.e., temperatures less 
than about 40° C.) having substantially equivalent aggregate 
gradation and bitumen content. 

[0048] It is also further preferred that the applied bitumi 
nous compositions be compacted to develop load-bearing 
strength at a rate comparable to hot mix pavement compo 
sitions made at temperatures exceeding 140° C. having 
substantially equivalent aggregate gradation and bitumen 
content. 

[0049] 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 ambi 
ent temperatures having substantially equivalent aggregate 
gradation and bitumen content. 

[0050] Strength development in cold mix pavement com 
positions 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 substan 
tially equivalent aggregate gradation and bitumen content. 

[0051] The method of the present invention 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 tem 
peratures normally exceeding 165° C. and applied at corre 
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sponding temperatures in the ?eld to an existing, damaged 
or distressed pavement surface. The current thin lift tech 
nology using hot-mix bituminous compositions commonly 
suffers from tWo chief de?ciencies. The hot bituminous 
compositions tend to cool quickly, making it di?icult 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-modi?ed bitumens. Polymer-modi?ed bitu 
mens have viscosities higher than unmodi?ed bitumens at a 
given temperature. Thus, hot-mix bituminous compositions 
(mixtures With aggregate) made With polymer-modi?ed 
bitumens are more viscous than equivalent bituminous com 
positions made With unmodi?ed bitumen at a given con 
struction temperature. As a consequence of this increased 
viscosity and increased resistance to How, a thin lift bitu 
minous composition made With polymer-modi?ed bitumen 
can exhibit even greater problems in handling and construc 
tion as the material cools rapidly. 

[0052] Where desired, the methods and bituminous com 
positions 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 bitu 
minous composition that is cast in molds, compacted, and 
alloWed to cure. The cured blocks (or bricks) are used to 
construct pavements. 

[0053] 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.). 
[0054] Due to the enhanced compaction (leading to higher 
density and higher strength) and accelerated cure rates 
(leading to increased production rates and improved manu 
facturing economics) exhibited by the bituminous compo 
sitions of the present invention, the employment of the 
methods and bituminous compositions of the present inven 
tion offers improvements over the construction of these 
blocks using traditional cold mix paving compositions. 

[0055] Bituminous compositions of the present invention 
should be maintained 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.) 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 evapo 
ration of moisture. 

[0056] Equipment traditionally utiliZed in the production 
of asphalt emulsion mixes includes pug mills of either batch 
or continuous variety. Pug mills impart high shear to the 
emulsion as it is ground With coarse aggregate, ?nes, and 
?ller. Hot mix asphalt compositions are typically produced 
in continuous or batch operations. Continuous plants typi 
cally use drum mixtures of either parallel ?oW or counter 
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?oW variety. These mixers are high shear mixers as aggre 
gate (Which is heated in the drum or batch mixer to the 
speci?ed 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 production of the bituminous compositions of 
the present invention, any method of mixing bitumen emul 
sion and aggregate traditionally utiliZed in the production of 
paving compositions can be used. 

[0057] A common problem associated With the high shear 
event of mixing has been a coarsening of the emulsion. The 
emulsi?er formulations described herein impart high-tem 
perature 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 emulsi?er 
formulations, leading to a reduction in the degree of aggre 
gate coating and an increase in the viscosity of the mix, With 
the latter resulting in poor densi?cation of the paving 
composition during compaction. Poor densi?cation during 
compaction can result in a number of pavement distress 
problems (such as rutting, pot-hole formation, and raveling). 
While the use of high emulsi?er dosages can mitigate this 
coarsening, such dosages can also retard the development of 
compressive strength, an undesirable outcome. 

[0058] The rheology of the disperse-phase droplets in the 
bitumen emulsions of the present invention directly in?u 
ences 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 emulsi?ers. Emulsi?er structure and chem 
istry affect the energy required to disperse the emulsi?er at 
the interface. Emulsi?er structure and chemistry determine 
the shear stability of the oil-Water droplets against coales 
cence under high-temperature shear conditions, such as 
those exhibited during mixing of emulsions and aggregate at 
temperatures above ambient. Emulsi?er structure and pack 
ing affect the interfacial ?uidity or viscosity. Further, proper 
choice of emulsi?er structure affects the magnitude of the 
effect on the interfacial viscosity. 

[0059] The observation that some chemical entities pro 
duce the desired effect of rapid early strength development, 
While others do not, further suggests that the chemistry of 
the formulation is also an in?uencing 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 emulsi?er. The observation that 
strength development in the bituminous compositions of the 
present invention is associated With better compressibility 
than traditional cold mixes very strongly suggests that the 
speci?c physico-chemical effect is a change in the rheology 
of the bitumen droplets Within the emulsion. The early 
strength development exhibited by the bituminous compo 
sitions of the present invention Which is more characteristic 
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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. 

[0060] A variant of the above mechanism Which is con 
sistent With the currently available data and observations of 
the present invention consists of a heat dependant activation 
of the interfacial solubility of the ionic emulsi?er. lnterfacial 
solubility Within the present context may be de?ned as 
localiZation of the emulsi?er at the interface. No distinction 
should be made at the present time betWeen surface adsorp 
tion (the emulsi?er 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 emulsi?er (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). 

[0061] The interactions of the emulsi?er With the interfa 
cial region of a dispersed bitumen droplet can in?uence the 
interfacial rheology of the bitumen in tWo Ways. The emul 
si?er 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 inter 
face. It must be noted that the hardness and ?oW 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 asso 
ciated 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 ?oW of the surface regions of the droplets. By 
de?nition, the resistance to ?oW 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 thermo 
dynamic 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 de?nition solvation or 
dissolution. By convention, the substance present in greater 
concentration is referred to as the solvent and the other, the 
solute. 

[0062] One of the most Widely accepted means of quan 
titatively 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 pro 
posed. The most Widely referred to models are those of 
Hildebrand and Hansen. As a solubility class, asphaltenes 
have a solubility parameter (6) of 19-24 (MPa)l/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 
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Within a given asphalt. This must be considered When using 
the more complex Hansen solubility parameter instead of the 
Hildebrand version. Further to this, it is 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 hydrocar 
bons have Hildebrand solubility parameters of 14.3 and 15.1 
(MPa)1/2, respectively. Consequently, solubility parameters 
in the range of 19-25 (MPa)l/2 or higher Will identify 
molecules or parts of molecules Which have the ability to 
disrupt asphaltene structure and consequently ?uidiZe that 
bitumen, While molecules or parts of molecules With solu 
bility parameters similar to those of the C5-C7 hydrocarbons 
have the potential to re?occulate or coagulate already dis 
persed asphaltenes. 

[0063] From a molecular point of vieW, the cohesive 
energy density or solubility parameter of a molecular is 
determined by its chemical composition or make-up. Con 
sequently, 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 speci?c substance. In 
the case of emulsi?ers, the solubility parameter can also be 
related to the hydrophile-lipophile balance (HLB) by the 
expression: 

HLB 6 — 12.3 

[0064] In the present Work, a series of emulsi?ers Was 
shoWn to demonstrate the compressibility and early strength 
development seen to be an advantage of the method of the 
present invention. Those emulsi?ers Were observed to have 
functional groups With solubility parameters in the range of 
24-25 (MPa)” 2 and hydrophobes in the range of 8-16 
(MPa)1/2. The most dramatic failure Was observed With an 
emulsi?er system With a loW level of functionality of the 
requisite type and solubility parameter. The solubility 
parameter of the entire emulsi?er system Was also Well into 
the high 30’s to loW 40’s. Additionally, the usable function 
ality 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 bitu 
men emulsions With emulsi?ers comprised of functional 
groups and structure, Which impart the requisite solubility 
characteristics (as described above) for controlling tempera 
ture-dependent interfacial rheology. 

[0065] The folloWing examples are provided to further 
illustrate the present invention and are not to be construed as 
limiting the invention in any manner. 

[0066] In the folloWing examples, the bituminous compo 
sitions 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 prepara 
tion 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 125° and a ram pressure of 600 kPa 
using 30 gyrations. Immediately after compaction, the bitu 
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minous composition pills Were placed in a 25° C. oven for 
curing. After curing, the pills Were evaluated for compres 
sive 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 (commercially available from Pine Instru 
ments) 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. 

[0067] The aggregate used in the folloWing examples Was 
crushed granite conforming to gradation and property speci 
?cations for a dense- graded, 1/z-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 tem 
perature. All graded aggregate samples Were 1,000 grams. 

[0068] Coating Was measured using a modi?cation of the 
commonly knoWn instrumental luminescence method of 
Deneuvillers et al. Coating values in the examples beloW are 
expressed in percentages, indicating the measured percent 
age of aggregate surface coated by bitumen. 

EXAMPLE 1 

[0069] Bituminous compositions of the present invention 
Were prepared by the folloWing procedure. Solvent-free 
bitumen emulsions Were prepared using one of three differ 
ent emulsi?ers (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. Emulsi?er A Was a blend of 
0.4% by total Weight of the bitumen emulsion (bWe) of 
saturated and unsaturated C16-C18 talloW tripropylenetet 
ramines and 0.1% bWe of saturated and unsaturated C16 
C18 talloW monoamines. Emulsi?er B Was 0.3% bWe of 
saturated and unsaturated C16-C18 talloW polypropylenep 
olyamine blends. Emulsi?er C Was a blend of 0.45% bWe of 
alkyl polypropylenetetramine and 0.01%-0.05% bWe of a 
mixture of saturated and unsaturated C16-C18 alkyl 
monoamines, -diamines, and -triamines. The respective 
emulsi?ers Were dissolved in Warm Water and treated With 
hydrochloric acid solution to loWer the pH to 2.0. The 
aqueous solution of emulsi?er(s) in Water (called the “soap 
solution”) Was heated to 55° C. and added to an Atomix 
colloid mill. 

[0070] 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 ?nished bitumen emulsions Were 
about 60-63% bWe. The bitumen emulsions Were subse 
quently diluted With Water to 53.3% bitumen content prior to 
mixing With aggregate. 

[0071] As noted above, the aggregate used Was crushed 
granite conforming to gradation and property speci?cations 
for 1/z-inch nominal Wearing course paving aggregate. The 
aggregate as received from the quarry Was oven dried to 
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remove moisture. The dried aggregate Was separated into 
siZe fractions from particles passing the 12.5-mm sieve to 
particles passing the 0.075 micron sieve. The fractions Were 
combined in quantities to give an aggregate gradation con 
forming to the standard for 1/z-inch nominal, dense-graded 
aggregate for surface and Wearing course pavements. This 
combination of aggregate Water-free fractions meeting the 
l/z-nominal gradation standard is referred to as the graded 
aggregate. 

[0072] For bituminous 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 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 
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compositions Were then compacted using 30 gyrations of a 
SHRP Pine gyratory compactor at 600 kPa pressure and a 
gyration angle of 125°. 
[0077] 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 proper 
ties of the compacted and cured cold mix bituminous 
compositions Were measured. 

[0078] A comparison of the respective bituminous com 
positions Was made for three critical physical and perfor 
mance properties4coating, densi?cation, and strength 
development. Compacted specimens prepared by mixing 
and compacting emulsion and aggregate at ambient tem 
peratures (i.e., according to traditional cold mix methods) 
shoWed substantially different physical and performance 
properties than those exhibited by the bituminous composi 
tions made by the method of the present invention. These 
results are listed in Table I beloW. 

TABLE I 

Physical or 
Performance Method of the Present Invention Cold Mix Method 

Prop erty 

Coating (%) 
Specimen 
Height (mm) 
Compressive 3000 
Strength 
after 4 hours 
at 25° C. 

99 94 94 95 89 99 
62.7 62.2 66.1 66.0 65.8 

3100 3325 2100 1460 2000 

seconds to produce bituminous compositions containing 
about 4.8% bitumen by total Weight of the graded aggregate. 

[0073] The resulting bitumen compositions (having a tem 
perature in the range of about 60° C. to about 80° C.) Were 
added immediately to a 100-mm diameter gyratory compac 
tion mold, Which had been preheated to 60° C.-80° C. The 
bitumen compositions Were then compacted using 30 gyra 
tions of a SHRP Pine gyratory compactor at 600 kPa 
pressure and a gyration angle of 125°. 

[0074] 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 compo 
sitions Were measured. 

[0075] 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. 

[0076] 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 

[0079] 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 composi 
tions (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 (lb-f) values after storage at 
25° C. four hours of 3,000-3,235 lb-f, Which Was substan 
tially 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 tempera 
ture, is referred to herein as “early strength.” 

[0080] The emulsion from Example 1 used in the evalu 
ations shoWn in FIG. 1, contained 0.5% by total Weight of 
bitumen emulsion (bWe) of emulsi?er (talloW polyalkylene 
polyamines) at 60% residue of PG64-22 bitumen. The 
bitumen emulsions 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 
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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 

[0081] The physical and performance properties of bitu 
minous 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. 

[0082] Bituminous compositions of the present invention 
Were prepared by the following procedure. Solvent-free 
bitumen emulsions Were prepared using talloW polyalkyle 
nepolyamines emulsi?er at 1.0% by total Weight of the 
bitumen emulsion (bWe). The emulsi?er Was dissolved in 
Warm Water and treated With hydrochloric acid solution to 
loWer the pH to 2.0. The aqueous solution of emulsi?er(s) in 
Water (called the “soap solution”) Was heated to 55° C. and 
added to an Atomix colloid mill. 

[0083] The bitumen employed in this example Was a 
commercially-available, performance-grade PG70-22. 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 ?nished bitumen emulsion Was about 60-63% 
bWe. The bitumen emulsions Were subsequently diluted With 
Water to 53.3% bitumen content prior to mixing With aggre 
gate. 

[0084] For bituminous 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 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 approxi 
mately 60 seconds to produce the bituminous compositions 
containing about 4.8% bitumen by total Weight of the graded 
aggregate. 

[0085] The resulting bitumen compositions (having a tem 
perature in the range of about 60° C. to about 80° C.) Were 
added immediately to a 100-mm diameter gyratory compac 
tion mold, Which had been preheated to 60° C.-80° C. The 
bitumen compositions Were then compacted using 30 gyra 
tions of a SHRP Pine gyratory compactor at 600 kPa 
pressure and a gyration angle of 125°. 

[0086] 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 compo 
sitions Were measured. 

[0087] For comparison purposes, a hot mix specimen 
having equivalent aggregate gradation and bitumen content 
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 
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of graded aggregate heated to 140° C. Were placed in a 
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 bitumi 
nous 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 compo 
sition 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 125°. 

[0088] 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 perfor 
mance properties of the compacted and cured hot mix 
bituminous compositions Were measured. 

[0089] A second compacted hot mix bituminous compo 
sition 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. 

[0090] For further comparison purposes, a cold mix bitu 
minous composition Was produced having equivalent aggre 
gate 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. 

[0091] 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 
compositions Were then compacted using 30 gyrations of a 
SHRP Pine gyratory compactor at 600 kPa pressure and a 
gyration angle of 125°. 

[0092] 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 proper 
ties of the compacted and cured cold mix bituminous 
compositions Were measured. 

[0093] 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 II 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 II further 
shoWs that the bituminous emulsions made by the method of 
the present invention gave air voids (Pa) that Were compa 
rable to those of the hot mix specimens, and substantially 
improved above those of the cold mix specimen. All speci 
mens Were fully coated (i.e., percent coating greater than 
99%). 
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TABLE II 

Method 
of the 
Pres ent 

Invention 

Physical and 
Performance 
Properties 

PG70-22 
Cold Mix 

(20*23° C.) 

PG70-22 
Hot Mix 

(140° C.) 

PG70-22 
Hot Mix 

(160° C.) 

Average Pill 64.8 +/— 0.6 63.7 +/— 0.0 63.7 +/— 0.4 62.6 +/— 
Height (mm) and 0.5 
Std. Dev. 
Early Cure: 
Compressive 
Strength after 4 
hours at 25° C. 

(lb-0 
Full Cure: 
Compressive 
Strength after 24 
hours at 60° C. 

(lb-0 
% Air Voids, Pa 

1050 4600 4800 2450 

4125 4650 5100 4875 

10.24 8.22 8.70 6.86 

[0094] Bituminous compositions of the present invention 
Were produced and compacted using the procedure of 
Example 2. Solvent-free bitumen emulsions Were prepared 
using talloW polyalkylenepolyamines emulsi?er at 0.5% by 
total Weight of the bitumen emulsion (bWe). The bitumen 
employed in this example Was commercially-available, per 
formance-grade PG64-22 bitumen modi?ed With styrene 
butadiene-styrene (SBS) polymer. All of the bituminous 
compositions in this example contained this modi?ed PG64 
22 bitumen, and each Was prepared With a bitumen content 
of 4.8% by total Weight of the graded aggregate. 

[0095] For comparison purposes, a hot mix bituminous 
composition having equivalent aggregate gradation and 
bitumen content to the above-noted bituminous composition 
Was produced and compacted using the procedure of 
Example 2. 

[0096] For further comparison purposes a cold mix bitu 
minous 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. 

[0097] The physical and performance properties of the 
respective compacted and cured bituminous compositions 
Were measured, and the results are shoWn in Table III beloW. 
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TABLE III 

SBS SBS Method 

Physical and Cold Mix Hot Mix of the Present 

Performance Properties (20*23° C.) (160° C.) Invention 

Average Pill Height 64.8 +/— 0.1 63.8 +/— 0.4 62.6 +/— 0.5 

(mm) and Std. Dev. 

Early Cure: 1350 6400 3400 

Compressive Strength 
after 4 

hours at 25° C. (lb-f) 

Full Cure: 4875 Not run 5750 

Compressive Strength 
after 24 

hours at 60° C. (lb-f) 

% Air Voids, Pa 8.86 Not run 4.92 

EXAMPLE 4 

[0098] Bituminous compositions of the present invention 
Were produced and compacted using the procedure of 
Example 2. Solvent-free bitumen emulsions Were prepared 
using alkyl alkylenepolyamine emulsi?ers at dosages rang 
ing 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 unmodi?ed 
PG64-22. All of the bituminous compositions in this 
example contained this PG64-22 bitumen, and each Was 
prepared With a bitumen content of 4.8% by total Weight of 
the graded aggregate. 

[0099] For comparison purposes, cold mix bituminous 
compositions Were produced having equivalent aggregate 
gradation and bitumen content. The procedure for the pro 
duction of the bituminous composition of the present inven 
tion noted above Was folloWed for producing these cold mix 
bituminous compositions With the exception that the bitu 
men emulsion and the graded aggregate Were each at ambi 
ent room temperature (23° C.) When mixed in the bucket. 

[0100] 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 

Cold mix Present Invention 

Compressive Increase in Compressive 
Strength after Densi?cation — Strength after Increase in 

Emulsi?er Pill Curing 4 hours Pill Change in Pa Curing 4 hours Strength Development — 
Dosage Height at 25° C. Height vs cold mix at 25° C. Percent change vs 

(%) (mm) (lb-f) (mm) (delta Pa) (lb-f) cold mix 

1.0 65.5 850 62.6 —3.48 2200 159% 

0.75 66.0 950 62.9 —3.72 2500 163% 

0.5 65.8 1400 63.5 —2.76 2600 86% 



US 2007/0039520 A1 

[0101] As shown in Table IV, 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 composi 
tions made and compacted at ambient laboratory conditions. 
Additionally, the bituminous compositions of the present 
invention shoWed substantially improved densi?cation When 
compared to the cold mix compositions. Likewise, the 
present bituminous compositions had calculated air voids 
(Pa) 2.76 to 3.72 percent points loWer than the Pa values of 
the comparable cold mix specimens (each m of pill height 
corresponds to roughly 1.2% air content in the specimen). 

EXAMPLE 5 

[0102] Bituminous compositions of the present invention 
Were produced and compacted using the procedure of 
Example 2. Solvent-free bitumen emulsions Were prepared 
using talloW polyalkylenepolyamine emulsi?er 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 bitu 
men content of 4.8% by total Weight of the graded aggregate. 

[0103] For comparison purposes, cold mix bituminous 
compositions Were produced having equivalent aggregate 
gradation and bitumen content. The procedure for the pro 
duction of the bituminous composition of the present inven 
tion noted above Was folloWed for producing these cold mix 
bituminous compositions With the exception that the bitu 
men emulsion and the graded aggregate Were each at ambi 
ent room temperature (23° C.) When mixed in the bucket. 

[0104] 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 

Compressive Compressive 
Emulsi?er Pill Height Strength Pill Height Strength 
Dosage (%) (mm) (lb-f) (mm) (lb-f) 

1.0 63.8 1300 62.1 2850 
0.75 65.6 1550 62.4 3750 
0.5 66.5 2000 63.1 3050 

[0105] As shoWn in Table V, 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 52%-142% stronger than the identically 
formulated, emulsion-based cold mix bituminous composi 
tions made and compacted at ambient laboratory conditions. 
Additionally, the bituminous compositions of the present 
invention shoWed substantially improved compaction com 
pared to the analogous cold mix compositions as measured 
by the heights of the pill specimens. 

EXAMPLE 6 

[0106] Bituminous compositions of the present invention 
Were produced and compacted using the procedure of 
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Example 2. Solvent-free bitumen emulsions Were prepared 
using talloW polyalkylenepolyamine emulsi?er 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 modi?ed With styrene-butadiene-styrene block 
copolymer. All of the bituminous compositions in this 
example contained this modi?ed PG64-22 bitumen, and 
each Was prepared With a bitumen content of 4.8% by total 
Weight of the graded aggregate. 

[0107] For comparison purposes, cold mix bituminous 
compositions Were produced having equivalent aggregate 
gradation and bitumen content. The procedure for the pro 
duction of the bituminous composition of the present inven 
tion noted above Was folloWed for producing these cold mix 
bituminous compositions With the exception that the bitu 
men emulsion and the graded aggregate Were each at ambi 
ent room temperature (23° C.) When mixed in the bucket. 

[0108] 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 

Compressive Compressive 
Emulsi?er Pill Height Strength Pill Height Strength 
Dosage (%) (mm) (lb-f) (mm) (lb-f) 

1.0 65.2 1200 63.0 3050 
0.75 65.6 1450 62.9 2800 
0.5 66.5 1650 63.2 2650 

[0109] As shoWn in Table VI, 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 stronger than the identically formulated, 
emulsion-based cold mix bituminous compositions made 
and compacted at ambient laboratory conditions. Addition 
ally, the bituminous compositions of the present invention 
shoWed substantially improved compaction compared to the 
analogous cold mix compositions as measured by the 
heights of the pill specimens. 

EXAMPLE 7 

[0110] Bituminous compositions of the present invention 
Were produced and compacted using the procedure of 
Example 2. Solvent-free bitumen emulsions Were prepared 
using talloW polyalkylenepolyamine emulsi?er at 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 modi?ed via the addi 
tion of styrene-butadiene-rubber (SBR). TWo levels of bitu 
men modi?cation Were examined: 1% SBR bWe and 3% 
SBR bWe. All of the bituminous compositions in this 
example contained modi?ed PG64-22 bitumen, and each 
Was prepared With a bitumen content of 4.8% by total Weight 
of the graded aggregate. 

[0111] For comparison purposes, cold mix bituminous 
compositions Were produced having equivalent aggregate 
gradation and bitumen content. The procedure for the pro 
duction of the bituminous composition of the present inven 
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tion noted above Was followed for producing these cold mix 
bituminous compositions With the exception that the bitu 
men emulsion and the graded aggregate Were each at ambi 
ent room temperature (23° C.) When mixed in the bucket. 

[0112] The physical and performance properties of the 
respective compacted and cured bituminous compositions 
Were measured, and the results are shoWn in Table Vll 
beloW. 

TABLE VII 

Cold mix Present Inventi on 

Compressive Compressive 
SBR modi?cation Pill Height Strength Pill Height Strength 

level (mm) (lb-f) (mm) (lb-f) 

1% bWe 66.8 950 63.2 3050 
3% bWe 67.1 900 63.4 2800 

[0113] As shoWn in Table VII, the pills made With the 
bituminous compositions 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% higher 
than the identically formulated, emulsion-based cold mix 
bituminous compositions made and compacted at ambient 
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 present invention shoWed substantially 
improved compaction compared to the analogous cold mix 
compositions as measured by the heights of the pill speci 
mens. 

EXAMPLE 8 

[0114] Bituminous compositions of the present invention 
Were produced and compacted using the procedure of 
Example 2. Solvent-free bitumen emulsions Were prepared 
using modi?ed 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) modi?ed PG64-22. Each of the 
bituminous compositions Was prepared With a bitumen con 
tent of 4.8% by total Weight of the graded aggregate. 

[0115] The bitumen emulsion used in the evaluations 
shoWn in FIG. 2, produced in Example 7 beloW, contains 
1.0% bWe of emulsi?er (modi?ed tall oil fatty acid conden 
sate of polyethylene polyamine). 

[0116] For comparison purposes, cold mix bituminous 
compositions Were produced having equivalent aggregate 
gradation and bitumen content. The procedure for the pro 
duction of the bituminous composition of the present inven 
tion noted above Was folloWed for producing these cold mix 
bituminous compositions With the exception that the bitu 
men emulsion and the graded aggregate Were each at ambi 
ent room temperature (230 C.) When mixed in the bucket. 

[0117] The physical and performance properties of the 
respective compacted and cured bituminous compositions 
Were measured, and the results are shoWn in Table VIH 
beloW. 
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TABLE VH1 

Cold mix Present Invention 

Pill Compressive Pill Compressive 
Bitumen Emulsi?er Height Strength Height Strength 
Type Dosage (%) (mm) (lb-f) (mm) (lb-f) 

PG64-22 1.0 65.5 800 62.3 2450 
1.5 62.6 975 62.5 1950 

PG78-28 1.5 63.6 1600 62.8 3600 
SBS- 1.0 65.2 1150 62.8 2700 
modi?ed 1.5 63.1 1175 63.0 2850 

[0118] As shoWn in Table VIII, 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 stronger than the identically formulated, 
emulsion-based cold mix bituminous compositions made 
and compacted at ambient laboratory conditions. Addition 
ally, the bituminous compositions of the present invention 
shoWed improved compaction compared to the analogous 
cold mix compositions as measured by the heights of the pill 
specimens. 

[0119] 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 emulsi?er (modi 
?ed tall oil fatty acid condensate of polyethylene polyamine) 
at 60% residue of PG64-22 bitumen (a performance-grade 
bitumen modi?ed With a styrene-butadiene-styrene block 
copolymer). 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 

[0120] Bituminous compositions of the present invention 
Were produced and compacted using the procedure of 
Example 2. Solvent-free bitumen emulsions Were prepared 
using as an emulsi?er modi?ed and unmodi?ed 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, perfor 
mance grade bitumen types Were employed in this example: 
a PG64-22, a PG70-22, and a styrene-butadiene-styrene 
(SBS) modi?ed PG64-22. Each of the bituminous compo 
sitions Was prepared With a bitumen content of 4.8% by total 
Weight of the graded aggregate. 

[0121] For comparison purposes, cold mix bituminous 
compositions Were produced having equivalent aggregate 
gradation and bitumen content. The procedure for the pro 
duction of the bituminous composition of the present inven 
tion noted above Was folloWed for producing these cold mix 
bituminous compositions With the exception that the bitu 
men emulsion and the graded aggregate Were each at ambi 
ent room temperature (23° C.) When mixed in the bucket. 

[0122] 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 

Emulsi?er Compressive Pill Compressive 
Bitumen Dosage Pill Height Strength Height Strength 
Type (%) (mm) (lb-0 (mm) (lb-0 

PG64-22 1.0 65.6 900 62.9 1800 
0.75 65.7 900 62.7 1800 

PG70-22 0.75 65.9 1350 62.0 2600 
SBS- 0.50 66.7 1500 64.0 3700 
modi?ed 

[0123] As shown in Table IX, 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 stronger than the identically formulated, 
emulsion-based cold mix bituminous compositions made 
and compacted at ambient laboratory conditions. Addition 
ally, the bituminous compositions of the present invention 
showed substantially improved compaction compared to the 
analogous cold mix compositions as measured by the 
heights of the pill specimens. 

[0124] FIG. 3 also shows comparable results in yet 
another differently formulated bitumen emulsion. The bitu 
men emulsion used in the evaluations shown in FIG. 3, 
contained 0.75% bwe of emulsi?er (modi?ed and unmodi 
?ed C16-C18 fatty acid condensate of polyethylene 
polyamine) at 60% residue of PG70-22 bitumen. 

EXAMPLE 10 

[0125] Bituminous compositions of the present invention 
were produced and compacted using the procedure of 
Example 2. Solvent-free bitumen emulsions were prepared 
using alkyl quaternary amines emulsi?er 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) modi?ed PG64-22. Each of the 
bituminous compositions was prepared with a bitumen con 
tent of 4.8% by total weight of the graded aggregate. 

[0126] For comparison purposes, cold mix bituminous 
compositions were produced having equivalent aggregate 
gradation and bitumen content. The procedure for the pro 
duction of the bituminous composition of the present inven 
tion noted above was followed for producing these cold mix 
bituminous compositions with the exception that the bitu 
men emulsion and the graded aggregate were each at ambi 
ent room temperature (23° C.) when mixed in the bucket. 

[0127] 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 

Compressive Compressive 
Pill Height Strength Pill Height Strength 

Bitumen Type (mm) (lb-f) (mm) (lb-f) 

PG64-22 63.5 1150 62.7 2200 
PG70-22 63.5 1100 63.2 2500 
SBS-modi?ed 64.3 1250 63.5 2150 
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[0128] As shown in Table X, 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 stronger than the identically formulated, 
emulsion-based cold mix bituminous compositions made 
and compacted at ambient laboratory conditions. Addition 
ally, the bituminous compositions 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 

[0129] Bituminous compositions of the present invention 
were produced and compacted using the procedure of 
Example 2. Solvent-free bitumen emulsions were prepared 
using as an emulsi?er a blend of tallow polyalkylenep 
olyamine 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, per 
formance grade bitumen types were employed in this 
example: a PG64-22 and a styrene-butadiene-styrene (SBS) 
modi?ed PG64-22. Each of the bituminous compositions 
was prepared with a bitumen content of 4.8% by total weight 
of the graded aggregate. 

[0130] For comparison purposes, cold mix bituminous 
compositions were produced having equivalent aggregate 
gradation and bitumen content. The procedure for the pro 
duction of the bituminous composition of the present inven 
tion noted above was followed for producing these cold mix 
bituminous compositions with the exception that the bitu 
men emulsion and the graded aggregate were each at ambi 
ent room temperature (23° C.) when mixed in the bucket. 

[0131] 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 

Compressive Compressive 
Pill Height Strength Pill Height Strength 

Bitumen Type (mm) (lb-f) (mm) (lb-f) 

PG64-22 64.8 850 62.9 1975 
SBS-modi?ed 64.0 1100 62.7 2450 

[0132] As shown in Table XI, 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 stronger than the identically formulated, 
emulsion-based cold mix bituminous compositions made 
and compacted at ambient laboratory conditions. Addition 
ally, the bituminous compositions 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 

[0133] A bituminous composition of the present invention 
was produced and compacted using the procedure of 
Example 2. A solvent-free bitumen emulsion was prepared 
using as an emulsi?er a blend of 0.2% by total weight of the 
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bitumen emulsion (bWe) of talloW polyalkylenepolyamines 
and 0.8% bWe of polyethylenepolyamine condensate of 
modi?ed and unmodi?ed fatty acids. The bitumen employed 
in this example Was a commercially-available, performance 
grade PG64-22 bitumen. Each of the bituminous composi 
tions in this example contained PG64-22 bitumen, and Was 
prepared With a bitumen content of 4.8% by total Weight of 
the graded aggregate. 

[0134] For comparison purposes, a cold mix bituminous 
composition Was produced having equivalent aggregate gra 
dation and bitumen content. The procedure for the produc 
tion of the bituminous composition of the present invention 
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. 

[0135] The physical and performance properties of the 
respective compacted and cured bituminous compositions 
Were measured, and the results are shoWn in Table XII 
beloW. 

TABLE Xll 

Cold mix Present Invention 

Compressive Compressive 
Pill Height Strength Pill Height Strength 

Bitumen Type (rnrn) (lb-f) (rnrn) (lb-f) 

PG64-22 66.3 850 63.1 2400 

[0136] As shoWn in Table XII, the pills made With the 
bituminous composition 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 analogous cold mix 
composition as measured by the heights of the pill speci 
mens. 

EXAMPLE 13 

[0137] Bituminous compositions of the present invention 
Were prepared by the folloWing procedure. Solvent-free 
bitumen emulsions Were prepared using talloW polyalkyle 
nepolyamines emulsi?er at 0.5% by total Weight of the 
bitumen emulsion (bWe). The emulsi?er Was dissolved in 
Warm Water and treated With hydrochloric acid solution to 
loWer the pH to 2.0. The aqueous solution of emulsi?er(s) in 
Water (called the “soap solution”) Was heated to 55° C. and 
added to an Atomix colloid mill. 

[0138] The bitumen employed in this example Was a 
commercially-available, performance-grade 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 ?nished bitumen emulsion Was about 60-63% 
bWe. The bitumen emulsions Were subsequently diluted With 
Water to 53.3% bitumen content prior to mixing With aggre 
gate. 

[0139] The graded aggregate of Example 1 Was heated to 
about 80° C. in an oven While the bitumen emulsion Was 
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heated to about 60° C. About 1,000 grams of heated graded 
aggregate Were placed in a l-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 com 
positions containing about 4.8% bitumen by total Weight of 
the graded aggregate. 

[0140] 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 125°. 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 mea 
sured. 

[0141] 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. 
After three hours, the bitumen composition (having a tem 
perature of about 60° C.) Was removed from the oven and 
immediately loaded into a 100-mm diameter gyratory com 
paction mold, Which had been preheated to 60° C. The 
bitumen composition Was then compacted using 30 gyra 
tions of a SHRP Pine gyratory compactor at 600 kPa 
pressure and a gyration angle of 125°. 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. 

[0142] 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 

[0143] Bituminous compositions of the present invention 
Were prepared by the folloWing procedure. Solvent-free 
bitumen emulsions Were prepared using talloW polyalkyle 
nepolyamines emulsi?er at 0.5% by total Weight of the 
bitumen emulsion (bWe). The emulsi?er Was dissolved in 
Warm Water and treated With hydrochloric acid solution to 
loWer the pH to 2.0. The aqueous solution of emulsi?er(s) in 
Water (called the “soap solution”) Was heated to 55° C. and 
added to an Atomix colloid mill. 

[0144] The bitumen employed in this example Was a 
commercially-available, performance-grade styrene-butadi 
ene-styrene (SBS) modi?ed PG64-22. The bitumen Was 
heated to 130° C. and added to the Atomix colloid mill, 
Wherein the soap solution and bitumen mixture Was pro 
cessed to produce bitumen emulsion. The bitumen content of 
the ?nished 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. 
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[0145] 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 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 com 
positions containing about 4.8% bitumen by total Weight of 
the graded aggregate. 

[0146] 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 125°. 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 mea 
sured. 

[0147] 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 composi 
tion Was then compacted using 30 gyrations of a SHRP Pine 
gyratory compactor at 600 kPa pressure and a gyration angle 
of 125°. 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 compo 
sition Were measured. 

[0148] 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 

[0149] Solvent-free bitumen emulsions suitable for use in 
the production of bituminous compositions of the present 
invention Were prepared by the folloWing procedure. A 
series of solvent-free bitumen emulsions Were prepared 
using talloW polyalkylenepolyamines emulsi?er at 1.0% by 
total Weight of the bitumen emulsion (bWe). The emulsi?er 
Was dissolved in Warm Water and treated With hydrochloric 
acid solution to loWer the pH to 2.0. The aqueous solution 
of emulsi?er in Water (called the “soap solution”) Was 
heated to 55° C. and added to an Atomix colloid mill. 

[0150] Four performance grade bitumen types Were 
employed in this example in produce the series of bitumen 
emulsions. A commercially available PG64-22 and a com 
mercially available styrene-butadiene styrene (SBS) modi 
?ed PG64-22 Was used. Also, a PG64-22 bitumen modi?ed 
via the addition of styrene-butadiene-rubber (SBR) at either 
1% SBR bWe or 3% SBR bWe Were employed. The respec 
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tive 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. 

[0151] 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 XIII shoWs that With the unmodi?ed 
bitumen the starting mean particle diameter (mv) Was loWer 
than in the case of the SBS-modi?ed bitumen (Table XIV), 
as the SBS-modi?ed bitumens give relatively high mean 
particle size diameters as Well as high overall particle size 
distributions (as re?ected in 90th percentile particle diam 
eter). 

TABLE XIII 

Particle Size Distribution At Elevated Temperature 

Time at Unmodi?ed Bitumen Emulsion 
Indicated Storage Temperatures 

Temp. 25° C. 60° C. 80° C. 

(hours) mv <90% Mv <90% mv <90% 

0 6.7 12. 6 Not Not Not Not 

run run run run 

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 7.1 14.2 5.7 10.6 4.8 7.4 

[0152] 

TABLE XIV 

Particle Size Distribution At Elevated Temperature 

Time at SBS-Modi?ed Bitumen Emulsion 
Indicated Storage Temperatures 

Temp. 25° C. 60° C. 80° C. 

(hours) mv <90% Mv <90% mv <90% 

0 5.5 16.0 8.9 28.0 13.0 34.6 
24 5.6 16.3 7.1 20.8 7.1 21.6 
48 8.1 23.2 10.7 28.0 6.6 19.4 
120 7.9 22.6 9.2 24.8 9.0 23.9 

[0153] 

TABLE XV 

Particle Size Distribution At Elevated Temperature 

Time at 1% SBR-Modi?ed Bitumen Emulsion 
Indicated Storage Temperatures 

Temp. 25° C. 60° C. 80° C. 

(hours) Mv <90% Mv <90% mv <90% 

0 9.3 20.5 i i i i 

48 7.6 14.7 9.5 20.8 i i 

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 
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[0154] 

TABLE XVI 

Particle Size Distribution At Elevated Temperature 

Time at 3% SBR-Modi?ed Bitumen Emulsion 
Indicated Storage Temperatures 

Temp. 25° C. 60° C. 80° C. 

(hours) Mv <90% Mv <90% mv <90% 

0 9.1 19.2 i i i i 

48 6.6 11.5 8.4 17.0 i i 

72 5.9 9.3 6.8 12.6 7.4 13.7 
120 6.7 11.9 11.3 23.7 18.2 43.7 

EXAMPLE 16 

[0155] Bituminous compositions of the present invention 
were also produced in typical full-scale operations using 
parallel ?ow 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 ?rst full-scale construction operation, solvent 
free bitumen emulsions were prepared using 60/70 bitumen 
and emulsi?ers consisting of blends of polyalkylenep 
olyamine condensate of modi?ed and unmodi?ed fatty acids 
and one or more tallow polyalkylenepolyamines. Percent 

ages of the polyalkylenepolyamine condensate of modi?ed 
and unmodi?ed fatty acids ranged from 0-1.0% and per 
centages of the tallow polyalkylenepolyamines ranged from 
0-1 .0%, both by weight of the emulsion. The emulsi?er was 
dissolved in warm water and treated with hydrochloric acid 
solution to lower the pH to 2.0. The aqueous solution of 
emulsi?er(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 compo 
sition 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 bitu 
minous 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 0.75 
to 3 inches and widths of eight to twelve feet wide, accord 
ing 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 ?nishing compaction. Weather condi 
tions at the time of lay-down, construction, and compaction 
were roughly 18° C. with a slight drizzle and wind velocity 
of 7-11 miles per hour. Transverse or longitudinal seams 
were barely visible, no raveling, rutting, or cracking was 
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observed one hour after production or after 14 months of 
service under heavy daily traf?c consisting of gravel and 
hot-mix dump trucks. 

EXAMPLE 17 

[0156] Bituminous compositions of the present invention 
were also produced on a manufacturing scale in parallel ?ow 
drum plants in a second ?eld 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 emulsi?ers consisting of blends of polyalkyle 
nepolyamine condensate of modi?ed and unmodi?ed fatty 
acids and one or more tallow polyalkylenepolyamines. Per 
centages of the polyalkylenepolyamine condensate of modi 
?ed and unmodi?ed fatty acids ranged from 0-0.30% and 
percentages of the tallow polyalkylenepolyamines ranged 
from 0-0.30%, both by weight of the emulsion. The emul 
si?er was dissolved in warm water and treated with hydro 
chloric acid solution to lower the pH to 2.0. The aqueous 
solution of emulsi?er(s) in water (called the “soap solution”) 
was heated to 550 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 compo 
sition 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 according to this invention 
ranged between 60-120° C. The bituminous mixture was 
stored brie?y 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 0.75 to 2 
inches and widths of eight to ten feet wide, 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 ?nishing compaction. Weather conditions at the time 
of lay-down, construction, and compaction were roughly 
15-200 C. Tra?ic was opened in less than one hour of 
completing the compaction. Cores were taken after roughly 
18 hours of service. Nuclear gauge densities averaged 96.2% 
of Gmm, as targeted. 

[0157] Many modi?cations 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 de?ned by the 
claims appended hereto. 

What is claimed is: 
1. A method for producing a bituminous composition 

comprising bitumen emulsion and aggregate by the steps of: 

(A) preparing a solvent-free bitumen emulsion compris 
ing: 

(1) bitumen, in an amount from about 50.0% to about 
75.0% by total weight of the bitumen emulsion, 






