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I . INTRODUCTION used as cementing material in road con-
struction. Over 70% of all asphalt produced
Due to its superior engineering qualities and in the U.S. is used for road pavements,; more

ready availabilty, asphalt has been extensively than 90% of all road pavements is asphalt
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road and less than 10% concret road. Most of
those asphalt pavements have been designed
to resist variety of traffic loads and environ-
mental stresses. However, in recent years, an
increasing number of pavement (failures
associated with moistune damage, or “strip-
ping”, have been observed.

Stripping in asphalt pavement is definde as
the displaéement of asphalt films from aggre-
gate surfaces due to the loss of the adhesive
bond between aggregate and asphalt. The
cause of stripping is attributed to the presence
of water or moistur in the asphalt —aggregate
matrix. Stripping results in a loss of integrity
of asphaltic coﬁcr‘ete and subsequent failures,
requiring early and costly maintenance.

Stripping action is usually initiated at the
bottom of the pavement, and once initiated, it
progresses rapidly. Therefore, the damage
caused by stripping is usually not apparent
until after the pavement has failed over a

large area.
1. Stripping Mechanisms

Over the years, great deal of basic and
applied research has been conducted to deter-
mine the nature of the adhesion and the strip-
ping phenomena(l1—5). A number of studies
have been concerned with laboratory test me-
thods for predicting the stripping sensitivity
for asphalt—aggregate mixtures(6—8) and

the development of methods to prevent or
minimize the occurrence of such damage when
stripping-susceptible materials are used(9—
12).

Stripping is complex phenomena and has
been related to many factors including the
physical and chemical properties of both ag-
gregate and asphalt. Mixture design, con-

struction, traffic loading, and climate also can

affect stripping.  Several mechanisms by
which stripping may occur have been proposed
by previous investigators(2,3). The most
widely accepted mechanisms are detachment,
displacement, spontaneous emulsification, and
pore pressure mechanisms(5).

The rationale for explaining these stripping
mechanisms is provided by the mechanical,
thermodynamic or interfacial energy, and/or
chemical concepts of adhesion and loss of ad-
hesion. The mechanical concept for
explaining stripping mechanism suggests that
the bond strengths between asphalt and
aggreate surface is dependent upon mechan-
ical interlock developed by the penetration of
the asphalt into pores and cracks of the sur-
face of the aggregate particles. The
thermodynamic or surface energy concept in-
volves the wetting behavior of asphalt at the
asphalt-aggregate-water-air interface. The de-
gree to which stripping occurs depends on the
interfacial free energy relationships at the ag-
gregate-asphalt-water-air intrface. The chemi-
cal concept involves adsorption of asphalt on
aggregate surfaces and chemical reactions
between the adsorbed asphalt compounds and
the constituents of the aggregate surface.
Herein, water solubility of the asphalt-aggre-
gate bond is the main factor affecting strip-
ping (1—5).

It is generally felt that the primary mechan-
ism responsible for stripping involves the dis-
placement by water of an asphalt film from
the aggregate surface. The actual role of

water in stripping is, however, still not en-

_tirely understood. Also, it has been difficult

to relate quantitatively stripping potential to
materials selection and mixture design para-
meters. )

The purpose of this research work was to
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study the nature of stripping in asphalt paving
mixtures and to determine the improtance of
the physical and chemical properties of aggre-
gate in the mix.

Table 1 gives a summary of the physico-
chemical properties of asphalt, aggregate, and
the asphalt-aggregate mixture that might in-
fluence stripping, based on different mechan-
istic stripping theories. Although all these
properties are involved, this research was pri-
marily concerned with aggregate properties
such as surface area, porosity, and chemical

and electro-chemical properties.

Table 1. Physico-Chemical Properties of As-
phalt, Aggregate, and Mixture Infiu-
encing Stripping.

Materials Physicochemical Properties
Asphalt Viscosity

Surface Tension

Volatility

Chemical Composition
Aggre- Size and Shape

gate Pore Volume and Size

Surface Area

Chemical Constituents at Sur-
face

Acidity and Alkalinity

Adsorption Site Surface Density

Surface Charge or Polarity

Pore Space Fraction Filled with
Aspahlt

Asphalt Adsorption Ratio

Chemical Constituents of Ad-
sorbed Asphalt

Mixture

Several different types of aggregates were
selected for this study and physical properties,
such as surface area and pore volume, were
measured. The change in pH of water after
aggregate addition, and the surface charge of
aggregates in water were also measured.

These measurements gave some information
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on the chemical properties of the aggregate

surface.
2. Antistripping additives

Soon after stripping was recognized, vari-
ous methods were developed and used to pre-
vent or minimize the stripping damage. It is
generally felt that stripping is primarily an ag-

gregate probelm, although the type of asphalt

is also important. However, it is not always
possible to choose the proper types of aggre-
gates for obtaining durable adhesion pro-
perties in the mixtures. In many locations
only water-susceptible aggregates are avail-
able. Thus, because, there are little alterna-
tives available in aggregates, an alternative
must be found in another area, namely that of
improving the adhesion of asphalt to the ag-
gregate by modifying the system. The follow-
ing practices are commonly used when water-
susceptible aggregates are used :

(1) Addition of a chemical antistripping ad-

ditive,

(2) Addition of hydrated lime of portland

cement,

(3) Removal of surface coatings, and

(4) Preheating of aggregate.

The selection of which method to use de-
pends on a variety of efficiency and economic
consideration. Because of its relatively low
cost and ease of implementation, the addition
of chemical antistripping agent is the most
widely used method. Recent studies(11-13)
have concentrated on searching for more ef-
fective and lower cost chemical antistripping
additives. Today more than 100 approved
chemical antistripping additives are used in
the Unite States. The usage of antistripping
additives in some European countries, par-

ticularly in Sweden, England, France, and
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west Germany, is far ahead of usage in the
Unite States.

Antistripping additives are substance added
to asphalt to promot adhesion of the asphalt to
the aggregate surface and thus to improve the
resistance to stripping damage in asphalt
pavements. Although these additives have
been used in asphalt paving mixtures for
.many years and in recent years their use has
increased significantly, there have been only a
few studies of antistripping additives and their
effectiveness. The lack of information con-
cerning antistripping additives is mainly due
‘to the fact that most antistripping additives
used today are proprietary chemical com-
pounds. In fact, the mechanisms controlling
antistripping additive action in reducing strip-
ping damage to the asphalt-aggregate mixture
are not completely understood.

Fundamental information concerning an-
tistripping additives and their effectiveness is
needed in order to develop criteria for the
selection and use of antistripping additives
and to ensure that the use of antistripping ad-
ditives improves the short-term and long-term
performance of given asphalt and aggregate
mixture if placed in pavements.

The main purpose of this work is to provide
information on the selection and use of an-
tistripping additives. To accomplish this objec-
tive, the following were investigated:

(1) Characterization of antistripping addi-

tives,

(2) Effectiveness of antistripping additives,

and

(3) Effect of heat on the additive per-

formance.
I . STRIPPING TESTS

The most valuable means of studying strip-

ping and antistripping additive effectiveness
are tests which duplicate field conditions.
However, since stripping is related to many
factors including aggregate and asphalt pro-
perties, mixtur design, construction pro-

cedures, and environmental conditions, it is

extremely difficult to simulate conditions en-
countered by actual pavements. There has
been no generally accepted, reliable pro-
cedures for testing stripping and additive ef-
fectiveness. However, various experimental
procedures concerning stripping and an-
tistripping additives have been developed and
used. Each provides information that may be
useful in stripping and additive effectiveness
studies.

Table 2 (9) shows various testing pro-
cedures, concerning stripping and an-
tistripping additives used by state highway
agencies in the United States for given pur-
poses. Most testing is performed on complete
mixtures. Complete mixture testing is more
reasonable for determining the susceptibility
to stripping of a given asphalt-aggregate mix-
ture because stripping is affected by physical
and chemical properties of both the asphalt
and the aggregate. Test on compacted mix-
tures, however, can not be used to isolate par-
ticular stripping mechanism or mechanisms of
additive function, because mechanical pro-
perties of compacted mixture, which are to be
measured and related to stripping propensity
of the mixture, depend on too many variables
such as aggrgate size and shape, asphalt vis-
cosity and source, compaction method, and so
on.

Among the coating evalustion tests, the boil-
ing water test (ASTM D3625—77) is most
widely used. The boiling water test in various

form has been used for several decades to pre-
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Table 2.
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Application of Strippng Test Procedures

Number of Agencies Using Procedures to Determine Additive

Procedure Need Dose Presence Hea Effective
Stability ness
Additive Indocator
Tests
Bottle Test - 1 1 3 2
Color Indicator - 1 1 - 1
Tests on Compacted
Mixture
Immersion-Compression 16 9 — 5
Marshall Immersion 10 7 2 2
Tensile Splitting 8 4 - — 3
Abrasion 3 1 - - -
Hveem Stability 1 1 - - —
Resilient Modulus 1 - - - -
Swell and Absorption 1 - - - -
Tests on Loose
Coated Mixture
Static Immersion 9 1 - 3 -
Dynamic Immersion 7 — - - -
Tracer Salt 1 - - -~ -
Boiling Water 5 2 7 5
Total 64 27 9 15 18

dict moisture damage in actual asphalt pave-
ments. In this test, a specific amount of ag-
gregate and asphalt are mixed at a specified
coating IS

temperature until complete

achieved. After cooling for a given period of

time, the mixture is placed in boiling water for
a specified period of time. The stripping po-
tential is evaluated by visually observing the
extent of asphalt loss from the aggregate sur-
faces following boiling.

The boiling water procedure is relatively
simple and rapid, and also has reasonable cor-
relations with field performance as reported
by Kennedy(8).

Many state highway

agencies are using this test, especially for pre-
dicting the presence, effectiveness, and heat
In ad-

dition, due to its evaluation by visual obser-

stability of antistripping additives.

vation of stripping phenomena, the boiling
water test provides fundamental information
(i.e., the contact angle) on stripping and ad-
hesion of asphalt and aggregate in the pres-
ence of water. Hence, the boiling water test
was chosen and used throughout the investi-
gation. If the asphalt separated from the ag-
gregate surface during this test, it was said to
have stripped, and the asphalt-aggreate bond
was concluded to have been weak and to have



a high stripping propensity.

I . STRIPPING MECHANISM

Five different aggregates were character-
ized by measuring their pore volumes, surface
areas, pH values of contacting water, and sur-
face charges in water(14). The experimental
results were evaluated with respect to the ef-
fect of each of these aggregate characteristics
~(1) pore volume and surface area, (2) pH
value of contacting water, and (3) surface
charge of aggregate-on the stripping pro-
pensity of the aggregate as measured by the
boiling water test. The results are discussed

below.
1. Pore volume and surface area

Five aggregates (granite, limestone, dolo-
mite, chert gravel, and quartz gravel) were
tested for surface area and porosity, and their
stripping propensity was determined by the
boiling water test, as shown in Table 3. A
low pore volume or surface area suggests a
smooth, crystalline surface with low surface
roughness. From purely mechanical .con-
siderations-that 1is, the requirement of large
areas of interfacial contact and surface rough-
ness to have good adhesion and interlock-the

low pore volume and surface area of granite

!
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should imply the existence of a low adhesive
bond strength with the asphalt and a high
moisture susceptibility.

A comparison of the effect of different pore
sizes was provided by dolomite and limestone,
as can be seen from Table 3. Dolomite and
limestone were used for this comparison be-
cause of their similarity in chemical and elec-
trochemical properties.  Although dolomite
had a higher surface area than did limestone,
it had a higher stripping propensity because of
its smaller pore size. It should be noted that,
even though dolomite had nearly the same
amount of pore volume as did the limestone, it
had about seven times as much surface area,
which meant that dolomite had a smaller pore
size. In Table 3, the average pore size for
each of these aggregates was estimated by
assuming the pores to have a cylindrical
shape.

One possible reason for the observed ad-
verse effect of pore size on stripping pro-
pensity for the dolomite and limestone aggre-
gates is that, when an asphalt coats over a
rough surface having fine pores, air is trapped
and the asphalt can hardly penetrate the fine
pores. Consequently, only a fraction of the
aggregate’s apparent surface asrea might ac-
tually be in contact with the asphalt. In gen-
eral, the depth of penetration of the asphalt

Table 3. Pore volumes and surface Areas of Aggregates and Their Stripping Propensities
Pore Volume Surface Area Percent Coating after
Aggregate -
1000cc/g m/g Boiling
Granite : 3.2 0.116 10
Dolomite 6.5 0.586 35
Chert Gravel 23.0 2.09 55
Quartz Gravel 5.4 0.052 65
Limestone 6.2 0.079 90
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depends upon the size of the pore, as well as
the asphalt viscosity and surface tension.
Overall, a correlation between aggregate
physical properties and stripping propensity
could not be established. The chemical pro-
perties of the aggregates considered varied
significantly, and it was felt that this had been
an overriding effect. As shown in Table 3,
although limestone and crushed quartz gravel
had nearly the same physical properties in
terms of pore volume and surface area, lime-
stone had a better stripping resistance. The
chemical properties of the limestone were
much different from those of the quartz

gravel, as will be discussed.
2. pH of contacting water

In this study, some insight as to the effect
of pH changes of contacting water was devel-
oped by considering the chemical and elec-
trochemical properties of the aggregate sur-
faces. Figure 1 shows the changes in pH
caused by the addition of several different ag-

gregate powders to water. Apparently, lime-
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Figure 1. Change in pH of Water in Which
Aggregates Were Immersed.
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stone and dolomite, which are known to be
basic aggregates, caused a rise in pH of the
water to a relatively high value. Also, gran-
ite, which is known to be acidic, reacted with
water leading to a gradual increase in the pH
of the system. The silicate lattice of the gran-
ite surface reacted with water to impart

excess hydoxyl ions as follows :

f 1
-5i—0—Na + H,0—»>-S5i-0H + Na* + OH~

This chemical reaction illustrates a typical hy-
drolysis reaction of a salt of a weak acid.

While coating an aggregate with asphalt,
the aggregate selectively adsorbs some com-
ponents of the asphalt, such as the more polar
species of the asphalt, forming hydrogen
bonds or salt links. The types and quantities
of adsorbed components are thought to play
an important role in adhesion and stripping.
(4) The presence of ketones and phenolics
are thought, for example, to improve stripping
resistence; whereas, carboxylic acids, an-
hydrides, and 2-quinolenes to increase strip-
ping sensitivity, because of the high water sus-
ceptibility of their bonds with aggregate sur-
faces.

The water susceptibility of the hydrogen
bonds (or some other dipole-dipole attractive
bonds)and salt links (i.e., the ionic bonds)
between the adsorbed asphalt components and
the aggregate surface would increase as the
pH of the water present at the aggregate sur-
face was increased. For this reason, stripping
damage might be expected to occur for an ag-
gregate which causes an increase (to a rela-
tively high value) in the pH of any water pre-
sent at the asphalt/aggregate interface.

The data presented in Figure 2 appears to
agree with the above suggestion. Granite,

which imparted a high pH to contacting
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water, had a higher stripping propensity than
did either crushed chert gravel or quartz
gravel, both of which imparted a lower pH to
the contacting water. The pH values indi-
cated in Figure 2 were obtained by measuring
the pH of water used in the boiling water test

after cooling for each aggregate.

100 {
2
]
g ®of
E O QUARTZ GRAVEL
60 [
8 0
§ ge
GRAVEL
gy or DOLOMITE
g [e)
0F
O GRANITE
0 e 1 1 - A 1.
7.0 8.0 9.0 10.0

pH OF CONTACTING WATER
Figure 2. Comparison of pH of Contacting
Water' and Strippihg Propensity
as Dtermined by the Boiling Water
Test.

3. Surface Potential

The responses in stripping propensity to dif-
ferences in the surface electrical charge of the
The in-

terfacial activity occurring between charged

aggregates are given in Figure 3.

surfaces of the mineral aggregates and as-
phalt can be of fundamental importance to the
nature of stripping of. asphalt from the aggre-
gate(15). That is, the surface charge of v the
aggregate can be as important as are specific
chemical interactions ; in fact, mineral aggre-
gates possess distinctive polarities or elec-
trochemical properties.

The functional group types of an asphalt ad-

sorbed on an aggregate surface consist mainly

N

1001
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20

PERCENT COATING RETAINED AFTER BOILING
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ZETA . POTENTIAL, ™V

Figure 3. Comparison of Aggregate Surface
Potential and Stripping Propensity
Determined by the Boiling Water
Water Test.

of the acidic fraction of the asphalt. For in-
stance, one of the acid molecules is re-
presented by carboxylic acids (R-COOH). In
the presence of water, the acid molecules are
separated into two ions ; the carboxylate ani-
on (R-COO™) and the proton (H*), causing
the asphalt surface to have a negative polarity
at the interface. The increase in pH of water
present at the aggregate surface increases the
extent of dissociation of the acid molecules.

The aggregates with water present are
negatively charged to varying degree, as seen
in Figure 3. As a result, a_ repulsive force de-
velops between the negatively charged aggre-
gate surface and the negatively charged as-
phalt surface at the interface, causing the sep-
aration of the asphalt from the aggregate sur-
facee (stripping). Solid surfaces in contact
with water usually acquire charges through
chemical reaction at the solid surface and ad-
sorption of complex ions from the solution
(16).

The intensity of the repulsion developed
between the asphalt and the aggregate de-
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pends on the surface charge of both asphalt
and the aggregate. As shown in Figure 3,
granite, which had a high stripping propensity,
possessed a relatively high surface poten-
tial ; whereas, limestone, which had a high
stripping resistance, had a relatively low sur-
face potential (as determined by zeta potential
measurements). The general observed trend
was that the aggregate which had a relatively
high surface potential in water were more sus-
ceptible to stripping.

From the foregoing discussion, it appears
that, although physical properties of the aggre-
gate are important, chemical and elec-
trochemical properties of the aggregate sur-
faces play an even more important role in
stripping.

It should be noted that the values of pH and
surface charge indicated in this study are only
true for the sample tested since these values
will be changed with variation of the mineral

source and its history of aging.

V. ANTISTRIPPING ADDITIVES

The theory of surface energy relations
between liquid and soild indicated that the co-

ntact angle of a liquid drop on a solid surface

is a measure of bond strength (17), as illus-
trated in Figure 4. The contact angle can
then be used as a measure of the additive ef-
fectiveness. Hence, the contact angle of as-
phalt drops on aggregates immersed in water
was observed for asphalts with and without
antistripping additives to determine the funda-
mental characteristics of antistripping additive
action.

The liqued asphalt drops were formed dur-
ing the boiling of the aphalt-coated aggrgats
(3/8 inch—No. 4 mesh size granite) in water
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Figure 4. A Droplet of Liquid Asphalt on the
Aggregate Immersed in Water.

under the influence of interfacial forces. The
shape of the asphalt drop on the aggregate
surface and thus the contact angle were ob-
served visually and qualitatively after cooling.
The shape was unchanged after cooling. The
percentage of asphalt coating retained on the
aggregate surface, the boiling water test re-
sult, was also visually estimated.

Table 4 illustrates the schematic diagram of
visual observation for contact angle and the
boiling water test results. The contact angle
was decreased and hence the forces of ad-
hesion between asphalt and aggregate were
increased markedly by the presence of an an-
tistripping additive. Therefore, an effective
antistripping additive can improve adhesion of
asphalt to the aggregate surface and thus the
stripping resistance of the asphalt-aggregate
mixture if enough amount of the antistripping
additive is present in the asphalt.

Several of the more common commercial
antistripping additives were examined for

their functional group types by observing their
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Table 4. The Effectiveness of Antistripping Additives as Determined by Boiling Water Tests and

Contact Angle Observation.

Antistripping Percent Coating Schematic Diagram for Shape of As-
Additive Retained after phalt Retained after Boiling, and
Boiling Approximate Contact Angle
Asphalt
Control {
AC—-20-1 10 Aggregate
8=180°
Asphalt
0.2% -
Additive No. 1 50 Aggrega/te
6=0°
Asphalt
1.0%
.. TT77777Try
Additive No. 1 100 Aggregate
0=90°
Table5. Compositional Properties of Antistripping Additives
Major Functional Infrared Band, em™'
Additive Deformation Stretch Wag Wag Other
No. NH, (1) CN (2) NH: (3) NH (4)
1 1,650 1,050 870 720 3,270, 2nd
(small) (small) amine, amide
2 1,650 1,070~1,120 820~840 730 3,280,
(small) 2nd amine
3 1,630 1,070~1,120 830 720 3,300,
(small) (trace) amide
4 1,630 1070~1,120 830 725 3,280,
(small) 2nd amine
5 1,630 1,070~1,120 820~840 730 3,280,
(small) 2nd amine
6 none 1,050~1,080 none 720 3,350,
amide
8 1,630 1,050~1,120 830 720 3,300,
(small) 2nd amine

* Additive Nos. 1-7 contained salts of carboxylic acid at about 1,560 cm™".

(1) Typical for primary amines

(2) Typical for organic nitrogen compounds

(3) Typical for primary amines
(4) Typical for secondary amines

1
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infrared spectra. Table 5 shows functional-
ities contained in each antistripping additives.
The result showed that major functional in-
frared bands of all additives, except additive
No. 7, which was iron naphthenate, were those
typical for primary and secondary amines or
for organic nitrogen compounds, suggesting
amines or amine derivatives. Additive No. 2,
No. 4, and No.5 had relatively high primary
amine components. In general, amines act as
cationic type surfactants. It was, therefore,
concluded that most antistripping additives
used in the United States are cationic sur-
factants, which render an aggregate surface
hydrophobic by being adsorbed on the nega-
tively charged mineral aggregate surface and
by reducing the surface tension of asphalt,
and which thus make it far easier for asphalt
to adhere to the aggregate.

In order to determine effectivenese and opti-
mum dosage, the stripping test was carried
out for several different antistripping addi-

tives with varying dosage. Figure 5 shows the

100 -
2
=
5 L
3
&
E 80
[=]
2 60
-
B
% 40 |
g
O AC-20-1
E 20 @ Ac-20-2
o5}
[
0 N | B RN R ! .. 1. IR
0 0.4 0.8 1.2 1.6 2.0

ADDITIVE CONCENTRATION IN ASPHALT, wt %

Figure 5. Effectiveness of an Antistripping

Additive as a Function Concentration

in Asphalt.
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effectiveness of each antistripping additive as
a function of its concentration in two different
asphalts. The results varied considerably with
the different asphalts and with the different
antistripping additives. However, in general,
the antistripping additives improved the ad-
hesion or stripping resistance to some extent,
depending on their concentration in the
asphalts. The results indicate that the dosage
of an antistripping additive is more important
than the type of the additive. Although some
additive were more effective than others at

some dosage levels, the effectiveness of all an-

. tistripping additives tested was improved as

the concentration of the additive in the asphalt
increased.

In order to better use antistriping additives,

the effect of important paving mixture man-
ufacturing process conditions of the per-

formance of antistripping additives was inves-

tigated. It was found that many antistriping
additives were susceptible to heat (18).
Therefore, storing the additive in hot asphalt
can severely reduce the effectiveness of the
additives. For this reason, the effect of addi-
tive holding in hot asphalt was in\}estigated by
carrying out stripping tests with heat treat-
ment of antistripping additive and asphalt
mixtures.

All antistripping additives tested in this in-
vestigation lost their effectiveness and failed
to function to some extent when maintained
for hours in a hot asphalt, as shown in Figure
6. Although, certain additives, such as Addi-
tive No.3 did not deteriorate considerably
until 48 hours of heating at 325 F, all these
additives known to be efficient could not
withstand these temperatures for prolonged
periods ; therefore, the original efficiency of

the antistripping additives was lowered. This
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Figure 6. Hest Stability of Antistripping

Additives as Determined by the
Boiling Water Test.

finding suggests that for best results the an-
tistripping additives must be added on-ite in
asphalt distributor or at least during the same
day the asphalt is to be used. The more heat
unstable of an antistripping additive, the high-
er dosage level may be required.

V. SUMMARY

Physicochemical properties of asphalt, ag-
gregate, and asphalt-aggregate mixture that
might influence stripping were summarized in
Table 1, based.on the fundamental theories co-
ncerning  stripping. It was found that
although physical properties of aggregate af-
fected stripping, there was no strong corre-
lation between the physical properties of ag-

gregate, such as pore volume and surface

Journal of Korea Transporlation Research Sociely Vol. 8. No. 2. 1990

area, and the stripping propensity of the ag-

gregate. Chemical and electrochemical pro-
perties of aggregate surface in the presence of
water were most important factors for strip-
ping.

All mineral aggregates tested in this study
imparted distinctive pH values to the con-
tacting water and possessed distinctive elec-
trochemical properties as measured by zeta
potential. It was found that aggregates which
had relatively higher surface potential in
water and/or which imparted relatively higher
pH to the contacting water were more suscep-
tible to stripping.

The functionalities contained in antistr-
ipping additives tested were primary and sec-
ondary amines and those of organié nitrogen
compounds. The functionalities were deter-
mined by examining their infrared spectra.

Based on the interfacial energy concept, the
contact angle of an asphalt drop on an aggre-
gate surface immersed in water related to the
stripping propensity. The contact angle and
stripping propensity were markedly reduced
by the presence of an antistripping additive.
In general, all the additives tested improved
stripping resistance to some extent, depending
on their concentration in the asphalts. The op-
timum dosage of an additive varied with dif-
ferent asphalts, as well as different aggre-
gates.

All antistripping additives tested in this
study lost their effectiveness and failed to
function to some extent when maintained for

hours in a hot asphalt.
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