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ABSTRACT: One of the most common failures that occur during the life of asphalt pavements is
moisture damage. The penetration of water between asphalt binder and aggregate causes the gradual
separation of asphalt binder from aggregates and the weakening of the bonding force between asphalt
binder and aggregates. With the expansion of this type of failure, the durability and asphalt mix
resistance decreases. Moisture damage is defined as loss of strength and durability in asphalt mixtures.
Many studies have been done on the use of anti-stripping additives to improve the quality of asphalt
mixtures against the moisture damage in asphalt mixtures using surface free energy and mechanical
test. One of the ways to improve the performance of asphalt mixes against moisture damage is the use
of anti-stripping materials, which are usually used with hydrated lime or liquid anti-stripping agents.
The use of these materials with a number of technical problems. In this research, it has been tried to
investigate the effect of nanomaterials and liquid anti-stripping materials on the basis of mechanical and
thermodynamic methods. 24 different types of asphalt mixtures have been investigated using three types
of aggregates, two types of base asphalt binder and three types of additives. Asphalt binder and aggregate
surface free energy components are measured by Sessile drop method and Universal sorption device and
the ratio of fatigue life of asphalt mixtures through indirect tensile strength test. The results of this study
indicate that the use of nanomaterials and liquid anti-stripping improves strength of asphalt mixtures
against the moisture. Also, using these additives will increase the fatigue life and tensile strength of the
asphalt mixture. Increasing in the fatigue life ratio was between 2-9%. The increase in fatigue life in wet
conditions has been between 10-22%. Additionally, nanomaterial additives have a positive effect on the
surface free energy components of asphalt binder, the surface free energy of aggregates, the free energy
of adhesion between asphalt binder-aggregate, the debonding energy of asphalt binder and aggregates,
and the cohesion free energy of asphalt binders, and improve the performance of these structures against
moisture damage.
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1. INTRODUCTION

In a study by Azarhoosh et al, [1] evaluated the effects
of the use of nano TiO, additive on asphalt-aggregate
bonding using a surface free energy method. The surface
free energy components of asphalt binder and surface free
energy components of aggregate were calculated by Universal
sorption device and Wilhelm plate test, respectively. The results
of the surface free energy method have shown that the nano
TiO, additive improves adhesion between asphalt binder and
aggregates. In another study, Hamedi [2] used nanoparticles
of ALO, and Fe O, as an additive to improve the surface of
aggregates. In his research, he studied the level of two types
of limestone and granite aggregates using nanoparticles
*Corresponding author’s email: hamedi@guilan.ac.ir

and evaluated the resulting mixtures using mechanical and
thermodynamic methods. The results of his studies show that
the tensile strength of the modified samples in dry and wet
conditions was more than the control samples, which indicates
an increase in the resistance of these specimens. Arabani
and Hamedi [3] evaluated the effect of the use of liquid anti-
stripping additives using surface free energy method as well
as dynamic modulus testing. The results of their research
showed that the addition of additives increases the total free
energy of asphalt binder, which prevents the phenomenon of
adhesion failure by increasing the adhesion between asphalt
binder and aggregates. In a study by Moghadas Nejad et al
[4], the effect of using hydrated lime material on moisture
deterioration was investigated using a surface free energy
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method. The results of this study showed that the use of this
material reduced the acidic components, increased the game
components and reduced the surface energy of the aggregates
used in this study, which resulted in increased adhesion and
coating of aggregates, and finally, Improves the performance
of aggregates resistance to moisture damage.

2. METHODOLOGY

In this research, three types of aggregates including
limestone, granite and quartzite with a grading structure
based on mid limit of ASTM standard for dense asphalt
mixtures have been used. The main reason for using these
types of aggregates is their different degree of stripping
potential. So that the impact of the type of aggregates with
different minerals and different sensitivities against moisture
degradation can be evaluated. Also, in this research, two
types of base asphalt binder with a degree of penetration
of 60-70 and 100-85 from the Pasargad Refinery in Tehran
have been used. In addition, three types of anti-stripping
additive including nano carbonate calcium (nano CaCO,) for
aggregate coating and nano Zinc oxide (nano ZnO) and liquid
anti-stripping (Wetfix BE) for asphalt binder modification are
used. Combined with these materials, 24 different types of
asphalt mixtures (18 mixed asphalts and 6 control mixtures)
were created.

In this study, Universal sorption device developed by Bhasin
[5] is used to measure the surface free energy of aggregates. The
method of measuring the surface free energy of aggregates by
this device is as follows: three test liguids, whose surface free
energy components are already known, are selected.

Determining the surface free energy components using the
Sessile drop method is one of the common methods used today
for asphalt binder. To measure the surface free energy of the
asphalt binder by this device, the asphalt binder sample is first
placed between the light source and the camera and the control
panel chamber is brought to the desired temperature. Then fill
the micro-syringe with the test liquid and spread a drop of test
liquid on the asphalt binder surface at a distance of 5 mm. After
a few seconds, the camera takes a droplet on the surface.

To test the moisture sensitivity of the modified Lottman
method, three samples should be made in wet conditions and
three in dry condition for each mixture. Half of the samples
in each group (three samples) remain in dry condition, and
half of them are taken to wet conditions (wet samples). Dry
and wet samples are subjected to indirect tensile strength
tests to determine the fatigue life. In the indirect resistance
test, cyclic loading is performed until the sample is failed.
The amount of fatigue life (the number of cycles the load) is
recorded at the moment of the failure. The average fatigue life
of dry samples (three samples) and wet (three samples) are
calculated separately. The moisture sensitivity or the potential
for asphalt mixture is determined by the ratio of the fatigue
life of wet-dry samples (in percent).

3. DISCUSSION AND RESULT

The results obtained from the fatigue life test for samples
made with two types of asphalt binder, AC 60-70 and AC
85-100, are presented in Fig.s 1-2, respectively. Based on the
results, it can be seen that the use of all three anti-stripping
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Fig. 1: Fatigue life of samples with AC 60-70
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Fig. 2: Fatigue life of samples with AC 85-100
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additives has significantly improved the fatigue life of the
samples made with all three aggregates and both types of
asphalt binder used in this study. Samples made with asphalt
binder, AC 85-100, nano calcium carbonate also has the
greatest effect on the improvement of this index. Finally, it
can be admitted that each of these components, along with
the asphalt mixing properties, can weaken or increase the
strength of the asphalt mix against moisture damage.

Samples containing limestone aggregates, with proper
adhesion and high surface area, have the best indirect tensile
strength compared to those made with other aggregates.

In samples with asphalt binder and the same additive, the
amount of SiO, and CaO in the aggregate structure causes
a significant change in the water-absorption properties of
the asphaltic mixture. The higher the percentage of SiO2
minerals, the more water-intensive the aggregates are, and the
higher the CaO content of the mineral, the greater the milling
effect of the aggregate.

4. CONCLUSIONS
The purpose of this study was to investigate the effect of
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nanomaterial additives on effective components in moisture
breakdown events such as asphalt binder-aggregate bonding,
mastic adhesion, and aggregate-forming structure. According
to the results of this research, the most important results of
this research include:

o The use of calcium nano-carbonate increases the
bonding between asphalt binder and aggregate and improves
the indirect tensile strength of asphaltic specimens.

« The use of an additive calcium nano carbonate results in
the formation of a layer of material with a game structure on
granite or quartzite aggregates, which improves the adhesion
of this material to asphalt binder, which has almost acidic
properties. The use of aggregate surface coating makes it
possible to create a protective barrier that, on the other hand,
makes it possible for the aggregate to be cooled and, on the
other hand, provides a good adhesion to asphalt binder.

« The use of anti-stripping additives used in this study hasled
to a decrease in the acidic components and surface free energy
play of asphalt binder. This incident causes more adhesion
between modified asphalt binder and acidic aggregates.

« The use of anti- stripping additives has increased the
amount of total free energy released from the asphalt binder.
This will increase the amount of energy needed to melt in the
asphalt binder and reduce the risk of moisture damage.

« The use of asphalt binder antiprolining additives has led
to an increase in the non-polar component of free-surface

asphalt binder energy. This can improve the increase in non-
polar bonds between asphalt binder and aggregates.

o The use of asphalt binder anti- stripping adds some
improvement to the asphalt binder-surface free energy of the
polar component. This can lead to a slight increase in adhesion
between asphalt binder and aggregate due to the non-polarity
of asphalt binder.
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Fig. 2. Gradation of aggregates used in this research
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Table 2. Characteristics of base bitumens used
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Table 3. Physical properties of zinc nano oxide and calcium nano carbonate used
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Table 4. Physical properties and BE characteristics used
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Table 5. Specifications of asphalt mixtures made
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Table 6. Percentage of nanomaterials adsorbed by the surface

of aggregates
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Fig. 3. Fatigue life ratio of samples made with AC 60-70
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Fig. 4. Fatigue life ratio of samples made with AC 100-85

ek Comlas (road (0 el (p 5 Jglate iS4y gb y
6**.’&%‘“.“‘93gs“‘sﬁ“*"ojd‘ﬁ‘}‘g}fé&du“jbﬁb“&.
Cﬁlwb.%uﬁ@l#wﬁ)o&du&ibwo;\lﬁ
X ‘5.JLQ.~.J] bolsee o Slos 1 cwlio gw Giom Ol (o0 >l
&ly u;';iLo)‘T ol ) ol Cows 4 i cwlls gusb, ol ol
GAD-Ye g BVl 58 e 50 L ooad aBle sle aiges

Gl S8 4 p3Y copman ol ol Ll F g ¥ IS s o

oo oeSile Nf,, o) (S o s NER 1] 0 a5
Sladises Stus joe Sl Nf 5 ol je sladies (Sius

S5zl g ey Y
peiis o S iale3] V-
Lyt e dliul gle bglre Sond joe Cond als

YA



VIYA L YV +8 dis VYRR Jlo A o)loud @Y 0,93 ey sl (3lpos swigen 4 s

S gt 6‘;5 ‘) ‘SMAJLAA )&b‘) Ju‘y‘so.:j AR (oo Lewdy dus s_i)

s &l Zusb ) Cawlus

Sasb, ol ala&in g9 3b-Y-Y
S Saglie g Gusb) (2 slad, e Joline slayiS
il 02y ptee 5 S i Sige ol po (el byl
bl jo oolaiwl 8,50 ailaSiw sains S sla S5 LsLs
2 o el (CaCO, L 5) Cal 5 Si0, SIS 5o ol sUlau]
bylses gwgs T L g5 of Sliogas o ulul i b
ol il iy SI0, S5 as)s az e ssd sbnl ]
29 Sl i 55 ailaKiw Swge Ol e a5 Conl ] sasas
ol wsl ;i Ca0 5 so o az o Jlie )50 4 oS
5 Col i LAl 3,5 ol Jee a5 cal o] caimo
Sol sl alaSiw YU Cowslie Lol Jds dlyys [V-] Se
1 55 (miVlgsS) U L et slonine (8 S 51 (G368
Ca0;l i) (Ca) pulS o (Sopud 2STy e oy a5 ol
23 0 Shes sla 09,5 5 ailaSin mhaw (g9, (oK )3 39250
il S le wlaSn 4 ol oo blie akaii o 0,8 o S
cel bl sle S sly 43 SIO, SIS Jlaie a5 55 o L
9y 2 &lys el o Ll VL (wgs Ol & e el &5
OH) JeuSg,000 glo 05,5 el )5 aiile (sl sl ailaSins
SebenS5,5 el Gl 05,5 L oy 5 cnl a5 258 oo 2L
WS B (Saiezr ;0 45 483 (0 (Jhgyied Lo S5
lpa 0 (Fiaer s ol Lol ol ge s gal
Ngd (oo M oSy jleg)S 90 (nl 5 99 (o0 WSS ()0
25 3 oo RS (55)0ee s ol la JsUse b plaS e
aloSow sas JSis sl SIS LSl s 6l (imgh o)
s (5l odel Cewd & i el suls oolawl XRE bl 5l e
@ axgi bl ool &SI Y Jgaz j0 g ol jo ailaSw g4
TS V1 SOWIRVOM 1 PR WP LR WESPL KPRV RN W B T o
Ot Sl (Sl g s sl wliSiw ol (SIO,)
Gl i Sal sl ailofiw gl Ca0 vs o 5 aius polis
S 5 S sl aliSin (gs ©f yelsS el (l oS

Y14

& S @ ogbie Gle Wged (NS jes Cud el oS
s adl (oo Voe Sl 2eS o)lgem 09h (o0l o)
ol B ass o liw] balswe Caglie a5 o,lo 849 Uil !
4z bl el ood-dn JSem cod )5 )18 5 ool gldl
59958l 5 b8 e oS 5l eoliiul 36 o ol> b 4
Lol (oo et S5 (Susb, (2> 0o (59, » Al slo
S dgei a5 098 o cdmlive o S 0 0ads &Sl ol 4y axg3
onl 5o eolatul 550 18 g9 g, 0 Sal Sw b oo anslo
OLis oS Ceslongy (Sons joe Cond e G yiien sl Gleghy
39 500 AlaSi 90 4y S AlaSin £95 (pl g 0 Slos ouins
ol b slo aiges ( Jlio ;5 2Bl (oo Susb) sl 2> 2l
Slp ) (Fod joe Sl polie (S (2355l S b
s o o a2 b iols plais] 555w b g5 50
Jdo 0g s s BB alaSn ol saies S sl SIS
E3o90 (o i (Sl S ailaSiw gl als (! polie 09 (ol
O9zeed G oS ol eaims LS sl SIS a5 1> il oo
Loeoplplo o)l 1) i ol Gix 4 Jus Sy ,leS ailasin
@ Sal Kiw a5 S g o AlaSiw 5w (pl o dmslie
395 5l Cushoy w50 Sy @l s SN Cuols Cax
pd ool aisle slb diges o,Slee (o B,k s oo lis
a2 > AV LB L ead wisle ol aiged 5 i Fe-Ve
saalive o0y Lol s olul s eosdle a4y .l 038 wluFins £53
Doy el Sall,e as 50958 a5l colaiul 4F 04 o
£ dw o Lol ainle sbe digel S jos Cod axgi LB
3l oals imgh ol 0 eolatwl 5550 1.3 £4 50 o g alaSiw
aw o Lot adle lo wged )3 SGiy ((S3958] A nl G
b diged 0,Ses (59, p G SV 23 g Al g5
8 b oads disle diline slo diges jo .l ails Cugls,y ply o
A Le Gl S5t 50 78U (i el Sl S U S ABY -
o aS il oledl g goulyd jo .l ools plaislsgs 4l
Wlgs o (il bylsa sl (Thg b olyen b ailge ol 51 S
sl dlie o (il belee Cuglio Coshi b 5 chends ey
e oxd kel peiY alosT oS ol 0gzg b 09 (Sush,
B 5o 5 1, gl Jy ans oo ol Sawe el L ], il



VIYA L VYR doxin ATAQ Jlo A oyleud DY 053 oS puol lyas ouwiges 4y 5

() oolhsw!s y30 (5lb AilaSouw suidrd JuSei o S5 s y5 .Y Jguar
Table 7. Percentage of minerals forming aggregates used (%)
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Fig. 5. Investigation of microscale structure of aggregates using SEM
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Fig. 9. Non-polar component of surface free energy of asphalt binder (ergs/cm?)
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