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ABSTRACT

Debondingof asphalt ‘from mineral aggregates (stripping) was termed
an old problem as far back as 1938, yet it continues to plague the
paving industry today. Commercial anti-strip additives are available yet
their Tong term effects are not well understood.

A silane coupling agent was compared with a well known, commercially
available liquid anti-strip (amine) in the immersion-compression and
double punch debonding tests on two Arizona mineral aggregate sources.
The silane was used as a mineral aggregate pretreatment while the amine
was added to the asphalt.

The results of this research are encouraging and indicate the
silane generally performed as well as the liquid anti-strip or better.
Further testing is recommended along with construction of experimental

projects to evaluate field performance.
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I. INTRODUCTION

An asphalt concrete pavement is inherently dependent upon the cohesive
and adhesive characteristics of the binder to hold it together. As a
result, the bond between the asphalt binder and the mineral aggregate is
of special importance. It is critical that a good bond is developed during
construction and maintained for the 1ife of the pavement. Any degree of
Toss of the asphalt-aggregate bond will result in a corresponding loss
of pavement performance in one manner or another. The strength of an
asphalt concrete mixture is a result of the cohesive resistance of the
binder, the adhesive bond between the binder and the aggregate, aggregate
interlock and frictional resistance between aggregate particles.

Several methods have been used to limit the possibility of stripping.
Some of the more common methods are:

* The addition of dry 1ime or portland cement in small percentages

to the mix or lime slurry treatment of mineral aggregate,
* Precoating aggregates with bitumen or diluents prior to asphalt
concrete production,

* The addition of selected natural mineral fillers,

* Disallowance of known hydrophilic aggregates,

* Washing, wasting or blending of aggregates, and

* The addition of chemical anti-stripping agents.

A1l of these methods, for one reason or another, are not always
acceptap1e or economical in every situation.

Under certain circumstances, an asphalt binder will separate from
the aggregate, a complex phenomenon known as debonding (commonly referred
to as stripping). Debonding is a function of the environmental conditions,

traffic loading, binder and agaregate characteristics, mixture properties



and more. However, it is generally agreed that the mechanism of debonding
is the intrusion of water between the adherends. Even though a proper
bonding of the asphalt to the aggregate may have taken place during
construction, debonding is still possible. Water intrusion is the mechanism
that will facilitate debonding by replacing the asphalt coating on mineral
aggregates. Since water in one form or another will always be present
in a pavement, stripping is always a possibility. An extensive study of
debonding is available in the literature (1 through 16). The intent of
this research project was to evaluate and compare an organofunctional
silane as a mineral aggregate pretreatment with an amine liquid anti-strip
to determine if the silane should be considered a practical anti-strip
treatment. It has been reported amidoamine and imidoazoline anti-strip
compounds may actually increase "emulsion" formation at the aggregate-
asphalt interface (1). These additives actually enable a better coating to.
be placed on the aggregate particles initially, but could lead to
accelerated stripping later. Emulsion formation is one mechanism by which
stripping can occur; however, it is not an accurate description of the
stripping mechanism. While it is true the term emulsion can be applied
to any asphalt-water mixture, it may cause confusion when used to describe
the stripping mechanism.

In 1976, the Arizona Department of Transportation undertook a
Timited in-house study to evaluate Tiquid anti-strip additives as well
as alternate methods of preventing debonding. t was apparent then, and
still is now, that the long term effects of these additives are not
well understood. Many of our new pavements exhibited asphalt stripping

six to twelve months after construction even though a commercial anti-

strip was used. A simple but significant test program was initiated. Three



aggregate materials from different sources were tested with each of two
different commercial anti-strip compounds and Dow Z-6020 organofunctional
silane in the immersion-compression test (AASHTO T165).

The commercial anti-strip compounds tested were Edoco and Pavebond
Special. Each was added to the asphalt in the amount of 1% by weight of
the asphalt. The silane was applied to the mineral aggregates as a pre-
treatment and allowed an ambient cure of 24 hours before mixing. Two
different silane-in-water solutions were tested: 1.5% and 2%. These
solutions were applied to the dry mineral aggregate at the rate of 3%
by weight of the mineral aggregate.

The results were encouraging. The silane pretreatment solutions
imparted a better retained strength in the immersion-compression test in
every case but one. ‘The complete results are shown in Table 1 entitled
Preliminary Test Data.

Based on these results, a second project was initiated and a
consultant was hired to run further tests to confirm the effect the
silane solution had on the retained strength of an asphalt concrete mix.
This time two different material sources were selected for testing.
Furthermore, the double punch test procedure (3) was to be used in
addition to the immersion-compression test to see if the results were
test dependent. It was decided Pavebond Special and Dow-Corning Z-6020
silane were to be tested. Pavebond Special was chosen because of its
widespread use in Arizona.

IT. THEORY

It should be noted that after considerable work by ADOT testing

silane as an anti-strip, it was discovered that previous work invoived

the use of silane coupling agents in asphalt concrete mixes both as an



TABLE 1
IMMERSION-COMPRESSION
PRELIMINARY TEST DATA

AVERAGE OF THREE TEST REPLICATES

COMPRESSIVE STRENGTH IN psi PERCENT *
DRY WET RETAINED STRENGTH __TREATMENT
Aggregate Source | PIT 8567 ZUNI
353 118 33 None
238 67 1% Edoco Anti-Strip
326 92 1% Pavebond Special
227 » 78 1.5% Silane
2%6 84 2.0% Silane
Aggregate Source 2 PIT 8500 GLOBE
287 119 41 None
163 57 1% Edoco Anti-Strip
237 83 1% Pavebond Special
325 113 1.5% Silane
325 113 2.0% Silane
Aggregate Source 3 UNITED METRO #11 YUMA
375 68 18 None
125 33 1% Edoco Anti-Strip
190 51 1% Pavebond Special
207 55 1.5% Silane
264 70 2.0% Silane

* WET COMPRESSIVE STREMNGTH X 1007
DRY COMPRESSIVE STRENGTH °




anti-stripping additive and aggregate pretreatment and is documented in a
patent held by Chevron. However, silanes are not presently, nor ever
have been, marketed as anti-strip agents.

The patent describes dramatic asphalt retention by aggregates even
when treated with as little as one part per million. Furthermore, it
was reported that a tenfold increase in retained asphalt (on the surface
of the aggregate) was demonstrated after a water immersion test of 180°F
for eight days. This work verified our early work and encouraged further
testing. Significant favorable results were achieved with the silane
as a mineral aggregate pretreatment as well as an asphalt additive. This
report addresses the use of silanes only as a mineral aggregate pre-
treatment.

JIIT. DESCRIPTION OF TESTING

In March, 1980, a proposal was submitted to the Federal Highway
Administration to compare Dow Z-6020 and Pavebond Special as anti-strip
agents. R. A. Jimenez of the University of Arizona was commissioned to
prepare and evaluate 240 asphalt concrete specimens by two different
test methods: the double punch debonding test and the immersion-
compression test. A description of each test is included in the appendix.

The silane pretreatment of the mineral aggregate varied as to
solution concentration as well as aggregate surface moisture condition
(oven-dry or approximate saturated surface dry). The silane was applied
in two different ways depending on this condition. In the oven dry state,
the aggregate was treated with 3% (by weight of the aggregate) of four
different silane concentrations. In the approximate saturated surface

dry condition (s.s.d.) the aggregate was treated with 1% (by weight of



the aggregate) of the same four silane-in-water concentrations; namely
0.25%, 0.75%, 1.00% and 1.50%. These two different aggregate surface
moisture conditions were selected to determine if the silane-aggregate
reactivity is dependent on this characteristic as well as to simulate
field conditions. Figure 1 depicts the variables and test methods. Two
different aggregate sources were tested - Salt River and Agua Fria - both
from the Phoenix area. Pavebond Special was added to the asphalt

binder in the amount of 1% by weight of the asphalt. This is the same
way it is used in construction.

IV. MATERIALS USED FOR TESTING

Mineral Aggregates

Two aggregate sources were selected for use in the test program.
Crushed Salt River and Agua Fria aggregate sampjes were obtained for
testing from commercial stockpiles. Physical characteristics and mix
design data of each source are included in Table 2. Both are stream
deposits in the Phoenix valley area, with both mix gradations approaching
the Fuller Maximum Density Curve. The sand equivalent values indicate
the primary difference between the two sources: 32 for the Agua Fria
as compared with 55 for the Salt River sources. The sand equivalent
test is a very good measure of the portion of detrimental fine dust or
clay-like minerals in the mineral aggregate. It is logical to conclude
that a Tow sand equivalent number wiil indicate a higher potential for
asphalt-aggregate debonding and, therafora, proves to be a valuable
test for aggregate evaluation. A good correlation between sand equiva-
lent value and stripping has been established (3).

Asphalt

One asphalt was chosen for use throughout the test sequenca. The
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TABLE 2
MINERAL AGGREGATE CHARACTERISTICS

GRADATION SALT RIVER AGUA FRIA
Sieve Size Percent Passing Percent Passing
I 100 100
3/4" 94 94
1/2" 82 80
3/8" 71 66
44 50 50
#8 40 44
716 32 36
#30 ' 22 25
#50 15 14
#100 8 7
7200 4 4
Sand Equivalent 55 32
CKE 011 Ratio 4.9% 4.5%
Effective Sp. Gr. 77/77F 2.67 2.569

Sp. Gr. W/ 5% Asphalt 2.47 2.49



asphalt used conforms to an aged residue grading classification of AR2000
and was obtained from Sahuaro Petroleum, Phoenix. Edgington Asphalt in
Long Beach, California is the asphalt source.

Additives

Pavebond Special is a registered trade name of a product of the
Carstab Corporation. 1[It is marketed as an asphalt additive to prevent
debonding.

Silane coupling agents were first introduced to improve the water
resistance of reinforced plastics. It was soon observed that they also
imparted significant improvement to initial properties of laminates (2).
Hydrophilic mineral surfaces were used in preparing compositas with
organic polymers with silanes being used to improve the bond. The
similarity between the polymer-glass systems and the pavement materials
was noted and it was felt that silanes may have the potential to increase
the bond between asphalt and mineral aggregate surfaces.

Z-6020 Silane is a registered trade name of Dow Corning. It is
not marketed for the highway paving industry. It is primarily used as
a coupling agent for the resin and plastic industry (2). It is a low
viscosity liquid of the type: aminoalkyl functional silane with the

molecular formula (CH3O SiCHZCHZNHCHZCHZNHZ. It is only one member of

)3
one subclass of the much larger group of organofunctional silane coupling
agents. The chemical name for Z-6020 is N-(Beta-aminoethyl)-gamma-
aminpropyltrimethoxysilane.

V. SUMMARY AND DISCUSSION OF RESULTS

The complete test results are included in Tables 3 through 6. The
results are also piotted in Figures 2 through 5.
The retained strengths of the laboratory prepared asphalt concrete

specimens were calculated two ways as shown in the tabular results.
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In this manner one can compare results of a particular treatment (wet
soaked) versus an untreated, unsoaked specimen or that same particular
treatment versus jtself in the dry state. Density, voids and the diff-
erences in compressive strength between wet and dry specimens is also
reported.

The results indicate silane pretreatment of mineral aggregate is
effective in preventing debonding as indicated by the two different test
procedures. Furthermore, it appears to be more effective on the Agua
Fria mineral aggregate which is a much "dirtier" source than the Salt
River as evidenced by the low sand equivalent value of 32. Densities of
the silane mixtures are consistently higher with lower voids. This may
have contributed to the increased retained strengths of the silane
treated mixes since it is well known low void mixes are more resistant to
stripping than high void mixes.

It is significant that the silane treated specimens exhibited higher
dry strengths than untreated specimens in all but three cases. Pavebond
Special increased the dry strengths in every case; however, part of the
increase may be a result of an increase in binder viscosity caused by
the asphalt additive. It {s known that amine additives facilitate
better coating of aggregates and this may alsc contribute to higher dry
strengths.

Silane concentration, amount of silane solution applied and appli-
cation method all affect mix strength retention as shown in Figures 2
through 5. For example, for the same given quantity of silane treatment
(75 parts per million) the retained strengths are substantially differant

in every case. This phenomenon indicates aggregate surface condition
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(specifically whether the surface is dry or approximate s.s.d.) has a
definite impact on retained strength. Surface moisture may be the vehicle
by which the silane is uniformly distributed over the aggregate surface
area and as such, could be an important factor influencing reactivity.

In summary, it appears the silane pretreatment of mineral aggregates
does improve resistance to debonding at least as well as Pavebond Special.
Some retained strength values are lower, but many more silane retained
strengths are higher than those with Pavebond treatment. Further work
must be conducted to optimize treatment methods and silane concentrations
to accomplish the most economical application that yields the best
results as well as to determine long term results.

VI. CONCLUSTONS AND RECOMMENDATIONS

1. In general, the silane pretreatment of two mineral aggregates
improved the resistance to debonding of asphalt from mineral aggre-
gate in the immersion-compression and double punch tests.

2. The silane treatment appeared to have a more pronounced effect on
the Agua Fria aggregate source. As a rasult, dirty aggregate
sources (those with Tow sand equivalent values) may benefit most
from silane pretreatment. Furthermore, marginal aggregate sources
may be allowed if testing with silane verifies that minimum retained
strength values can be obtained.

3. Silane concentration, application method and aggregate surfaces
moisture condition influence retained strength values in both test
methods. Therefore, a more detailed examination of these factors
is the logical next step in future research endeavors.

4.  Research should continue with silane chemicals as debonding preven-

tatives. In addition, silanes should be tested as additives in
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asphalts to compare with pretreatment of mineral aggregates as
examined in this research effort. Preliminary tests by the Arizona
Transportation Research Center have shown the chemical to be
effective down to 0.05% by weight of asphalt (the equivalent of
approximately 25 ppm by weight of aggregate) as an anti-stripping
agent.

It is recommended experimental projects utilizing silane as an
anti-stripping agent be constructed to determine actual field
effectiveness as well as long term effects on asphalt concrete
mixes.

Additional testing of aggregate pretreatment with silane solutions
is warranted to compare the results of this research with various
other aggregate types and characteristics since this research was
limited to testing of two local aggregate sources. In addition,
other asphalt types and sources should be tested for the same

reason.
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VITII. APPENDIX

Description of Immersion-Compression Test

A measure of resistance to debonding was obtained with the immersion-
compression test, AASHTO T-165. The AASHTO procedure was followed except
that enough material was mixed at one time to produce three specimens
instead of one. This change was necessary to assure that all specimens
of a set had received the same chemical treatment. Work in the laboratory
has shown variability in density and strength measurements have met the
usual requirements when mixing enough material at one time to produce
these specimens.  After mixing at approximately 140°¢ (285°F) enough
mixture was taken to produce a specimen 101 mm (4 in.) by 101 mm (4 in.)
after compaction at 121°C (ZSOOF). Following compaction, the set of six
specimens were placed in a 60°¢C (14OOF) oven for 24 hours. Subsequent
to the 24 hours of curing and then cooling, specimens were weighed in
air and submerged in water for density calculations. The six specimens
were divided into two groups of nearly equal average density. One group
was submerged in hot distilled water at 60°C (140°F) for 24 hours and the
second group was stored in a 25%¢C (77°F) room. After the 24 hour hot
water exposure, the three specimens were transferred to a 259¢ (77OF) water
bath for two hours prior to testing under unconfined compression condi-
tions. The other three dry specimens were then tested under similar
conditions. The effect of the hot water exposure is found by dividing
the strength of the "wet" specimens by the strength of the "dry" specimens
and expressing this ratio as percent retained strength.

Description of Double Punch Debonding Test

The double punch debonding test was developed by Jimenez of the

University of Arizona. The procedure is described and published in



16

Transportation Research Record No. 515 (3). The sequence of steps for

this method is similar to those of the immersion-compression prucedure,

with the following exceptions:

1.

Mixing and compaction: size of specimen is 101 mm (4 in.) by 63 mm
(2.5 in) and compaction is by a vibratory kneading compactor.

Wet exposure: specimen is not cured for 24 hours. After density
determination, specimen is submerged in 509¢ (1220F) distilled

water for a minimum of 45 minutes and is vacuum saturated during this
time. Following saturation and submersion, the specimen is stressed
by the application of a repeated pore water pressure varying from

34 to 207 kPa (5 to 30 psi) cycling at 10 Hz (580 CPM) for 10 minutes
and at a temperature of 50°C (122°F).

Strength test: _strength of the "wet" or "dry" specimen is obtained
by an indirect tersile test referred to as the double punch. Two

25 mm (1 in.) diameter steel punches stress the specimen on the
centers of the two flat surfaces. Load is applied at a displacement

rate of 25 mm (1 in.) per minute.
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TABLE 3

AGUA FRIA AGGREGATE
MMERSION-COMPRESSION TEST

AVERAGE OF TEST REPLICATES

17

DENSITY DRY WET DOIFF NOTE 1 NOTE 2 TREATMENT
PCF VOIDS PSI PSI PSI* RETAINED RETAINED
STRENGTH STRENGTH
142.5 8.3 291 a0 301 23 23 Asphalt Only
142.0 8.4 423 182 247 43 47 % Pavebond Special
% APPLIED TO OVEN DRY AGGREGATE
143.0 8.0 439 158 281 36 40 0.25% Silane Concentration
143.5 7.5 511 276 235 54 71 0.75% Silane Concentration
142.5 8.1 464 269 195 58 69 1.00% Silane Concentration
144.0 7.5 510 352 158 69 a0 1.50% Silane Concentration
1% APPLIED TO SATURATED SURFACE DRY AGGREGATE
144.5 7.0 478 220 258 46 56 0.25% Silane Concentration
144 .5 5.8 514 288 226 56 74 0.75% Silane Concentration
1445 6.8 454 268 186 59 68 1.00% Silane Concentration
144 .5 6.2 477 329 148 69 84 1.50% Silane Concentration
* Dry PSI Minus Wet PSI
. . et Strenath (Treated) x 100%
Note 1 Dry Strength (Treated)
Note 2: WHet Strength (Treated) x 100%

Dry

Strength (Un

treated)
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TABLE 4

AGUA FRIA AGGREGATE

DOUBLE PUNCH T

AVERAGE OF TEST REPLICATES

DENSITY % ORY WET DIFF  NOTE 1

PCF VOIDS PSI PSI PSI* RETAINED RETAINED
STRENGTH STRENGTH

EST

NOTE 2

19

TREATMENT

149.0 3.8 185 120 65 65
149.5 3.5 204 155 49 76

65
84

Asphalt Only

1% Pavebond Special

3% APPLIED TO QVEN DRY AGGREGATE

150.5 3.0 204 145 59 71 78 0.25% Silane
1562.5 1.9 230 214 s 93 116 0.75% Silane
152.0 2.2 238 238 0 10Q 129 1.00% Silane
151.5 2.4 230 230 0 100 124 1.50% Silane
% APPLIED TO SATURATED SURFACE DRY AGGREGATE
151.0 2.8 158 136 22 86 74 0.25% Silane
152.0 2.1 193 176 17 91 95 0.75% Silane
150.5 3.1 151 139 12 92 75 1.00% Silane
152.0 2.2 169 159 10 94 86 1.50% Silane

* Dry PSI Minus Wet PSI

Wet Strength (Treated) x 100%
Ory Strength (Treateq)

Note 1:

Wet Strength (Treated) x 100%

Note 2: Dry Strength (Untr‘eated)

Concentration
Concentration
Concentration
Concentration

Concentration
Concentration
Concentration
Concentration
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TABLE 5

SALT RIVER AGGREGATE

19TH AVENUE

IMMERSION=-COMPRESSION TEST
AVERAGE OF TEST REPLICATES
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DENSITY A DRY WET OIFF  NOTE 1 NOTE 2 TREATMENT
PCF VOIDS PSI PSI PSI* RETAINED RETAINED
STRENGTH STRENGTH
142.0 8.1 321 151 170 47 47 Asphalt Only
142.0 8.1 409 327 82 80 102 1% Pavebond Special
3% APPLIED TO QVEN DRY AGGREGATE
142.0 8.1 325 312 13 96 97 0.25% Silane Concentration
142.5 7.8 379 292 87 77 91 0.75% Silane Concentration
142.5 7.8 428 321 107 75 100 1.00% Silane Concentration
143.0 7.2 337 283 54 84 88 1.50% Silane Concentration
1% APPLIED TO SATURATED SURFACE DRY AGGREGATE
144 .5 6.4 498 478 20 96 149 0.25% Silane Concantration
143.0 7.5 419 335 84 80 104 0.75% Silane Concentration
145.0Q 5.9 537 537 0 100 167 1.00% Silane Concentration
143.5 7.1 447 384 63 86 120 1.50% Silane Concentration

* Dry PSI Minus Wet PSI

Note 1:

Note 2:

det Strength (Treated)

Wet Strength (Treated) x 100%
Ory Strength (Treated

x 100%

Ory Strength (Untreated)
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TABLE 6

SALT RIVER AGGREGATE
19TH AVENUE
DOUBLE PUNCH TEST
AVERAGE QF TEST REPLICATES

DENSITY % ORY WET DIFF  NOTE 1 NOTE 1
PCF YOIDS PSI PSI PSI* RETAINED RETAINED
STRENGTH STRENGTH

23

TREATMENT

149.0 3.6 140 N3 27 81 81
148.5 3.9 163 140 23 86 100

Asphalt Only

1% Pavebond Special

% APPLIED TO OVEN DRY AGGREGATE

0.25% Silane
0.75% Silane
1.00% Silane
1.50% Silane

0.25% Silane
0.75% Silane
1.00% Silane

151.0 2.3 165 160 5 87 114
151.5 2.0 181 181 0 100 129
151.0 2.1 157 143 14 91 102
151.5 1.7 167 167 0 100 119
1% APPLIED TO SATURATED SURFACE DRY AGGREGATE
151.0 2.2 172 136 36 79 97
151.5 1.9 207 143 64 69 102
151.5 2.0 200 200 0 100 143
153.5 2.4 181 179 2 99 128

* Dry PSI Minus Wet PSI

det Strength (Treatad) x 100%

Note 1: Ory Strength (Treated)

Wet Strangth (Treated) x 100%

Note 2: Dry Strength (Untreated)

1.50% Silane

Concentration
Cencentration
Concentration
Concentration

Concentration
Concentration
Concentration
Concentration
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