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ABSTRACT

Nanotechnology is the most versatile field because its application covers
science, research and technology. Nanomaterial’s enhanced surface to
volumeratio has shown different propertiesfrom bulk materials. Theaim of
this study to investigate the properties of asphalt by blending it with TiO,
nanoparticles. TiO, nanoparticles are fabricated by hydrothermal method
and well characterized by X-ray diffraction technique.Tio, nanoparticles
(1.0 % by weight) were added in asphalt. The mixture was homogeneous by
stirring mechanically at 163°C. The following rheological properties like
penetration, softening point and ductility of asphalt were measured with
and without doping of TiO, nanoparticles at |aboratory scale. The results
of the experiments indicated that the addition of TiO, nanoparticles was
helpful in increasing the hardness, viscosity grade and ductility of the
binder. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Asphalt (or bitumen) usudly isabyproduct of crude
oil refining processin petroleum refineries, anditisa
complex heterogeneous mixture of hydrocarbong®. It
isused inroad pavements asthe binder of aggregates
inagreat extent al around theworld. Asphalt pave-
ments must undergo heavy loads and unfavorableenvi-
ronmenta conditionsfor an acceptable period of time.
High-temperaturerutting and |ow temperature crack-
ing arethemaost cons derablelimitationsof unmodified
and pureasphats®. Therefore, modification and rein-
forcement of asphalt binder isnecessary.

Nanotechnology isardatively new fieldin science
deding with Sructuresthat areonthenano-scale. Nano-
s zed particleshavebeen used innumerous applications
toimprovevarious properties. However, dueto many

reasonsincluding the cost of productionand purifica:
tion, nano-s zed particleshave seen very littleuseinthe
construction field. One of the nano-material isTiO,
nanoparticleswhichisvery versatilecompoundusedin
photo-voltaiccdl, photo-catayst and water-treatmentt®.,

This present work, report the effect of TiO,
nanoparticlesblendson propertiesof asphalt. Basicaly
we are finding the binding property of the TiO,
nanoparticles.

EXPERIMENT SECTION

Synthesisof TiO, nanoparticles

TiO, powder (99.9% purity) were purchased from
Merck. Sodium hydroxide (Sodium Hydroxide pellets)
from Merck and Hydrochloride acid (HCI, 37%) were
usedto prepare TiO, nanowires. Inthisexperiment TiO,
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Figurel: XRD Pattern of TiO, nano particles

Figure2: TEM Imagesof TiO,nano particles

nanoparticleswerefabricated by hydrotherma method.
The precursorswas prepared by adding of 4 gram of
TiO, powder to 400 ml of 10M NaOH agueous solu-

TiO, nanoparticles

TiO, modified asphalt

tion and stirring of 10 min. The solution beaker was
tightly closed by duminumfoil and heated at 150 °C for
6 hour without stirring. Now solution wasallowed to
cool at room temperature. Thewhiteprecipitateswas
collected by centrifugation and thoroughly neutralized
with 0.1 M HCl and maintained the pH approximately
near 7 by using thedeionized water then sampleswere
dried at 120°C for 2 hour. The as-prepared
nanoparticleswere anneal ed at temperature 550°Cin
heat ovenfor 2 hour.

Characterization of TiO,Nanoparticles

Thecaryddlitephaseandlatticeof TiO, nanopartides
were determined by X-ray diffraction spectroscopy
using an X-ray diffractometer with CuK a. radiation in
therangeof 20-90°by step scanning with 2r increment
of 0.02° (A=0.154nm) and afixed counting timeof 5sec/
step. Themorphol ogyand size of particleswere deter-
mined by transmission electron microscopy
(TEM.JEOL, JEM-2010)with an accel erating voltage
of 200kV.Crystallite size was obtained by Debye-
Scherrer’s formula and found average size of TiO,
nanoparticleswas 13nm.

Method of blending of TiO, nanoparticlesin as-
phalt

VirginAsphalt binderswasusedtoblend with TiO,
nano particlesin thisstudy. The Dosage Percentages
(1.0% by weight of binder) of TiO,nano particleswere
employed and these particleswasblended with virgin
asphalt binder. Approximately 100 grams of asphalt
binder were poured into a 140 ml glass beaker, and

Warm mixing
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TiO, nanopanricles
(mlxecl with asphalt)
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Figure3: Imageof blending of TiO, nanoparticlesin thevirgin asphalt
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then TiO,nano particles was added into beaker. And
then these materialswere heated to 163°C (325 °F) on
ahot plate and were blended homogenous manually up
to 30 mininthelaboratory.

Penetration test

Penetration test isthemaost commonly adopted test
on bitumen to determine the grade of themateria in
term of itshardness because of itssmplicity. The pen-
etration grade of bitumen binder aregeneraly denoted
as 80/100, 60/70 or 30/40 grade bitumen. The appa-
ratusisused in the penetration is penetrometer. The
penetration unit contain of astraight, polished cylindri-
cd stainlesssted needleand rangeof thisneedleisOto
40mm. Figure4. lllustrated, thevaueof penetrationis
increase of TiO, nanoparticlesmodified binder in com-
pareto unmodified binder.

Softening point test

Softening point isessentially the temperature at
whichthebituminousbinder materid havean equd vis-
cosity. The softening point of the asphalt istherefore
rel ated to the equi-viscoustemperature (e.v.t). The soft-
ening point found by thering and ball apparatusisap-
proximately 20°C lower thantheev.t. Thering and ball
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Figure4: Graphically comparison of penetration value of
binder with or without TiO, nanoparticles
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Figure5: Graphically comparison of softening point valueof
binder with or without TiO, nanoparticles

Ductility Test
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Figure6: Graphically comparison of ductility valueof binder
with or without TiO, nanoparticles

unit contain steel balls,ball centring guides, ring hol der,
bottom plateand beaker cover with support rodsther-
mometer and heater separately. Figure5. Illustrated,
thevalueof penetrationisincreaseof TiO, nanoparticles
modified binder in compareto unmodified binder.
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Ductility test

Ductility testisthetest which determinetheability
of amaterial to stretch before breaking. Itisdesirable
that the bitumen binder used in the bituminous mixes
from ductilethinfilmaround theaggregates. Thisserves
asasatisfactory binder inimprovingthe physica inter-
locking of the aggregates. Ductility test gpparatus con-
sist of itemslike sample (briquette) moul dswater bath
square-end trowe or putty knife sharpened onend and
ductility machine. Thetest conducted at 27+0.5°C. The
maximum travel lengthis150 cm. and maximum trac-
tion speedis5 cm/min. Figure6. lllustrated, thevalue
of penetration isincrease of TiO, nanoparticlesmodi-
fied binder in compareto unmodified binder.

CONCLUSIONS

Inthislimited study, the penetrationtest resultsin-
dicatethat, asexpected, the addition of TiO,nano par-
ticlesincreased the penetration va ues of asphalt bind-
ers, testedinthisresearch work, Penetration gradewere
changed from 50/60 to 40/50 its means property re-
duced by 12% which showsthe hardnesshasincreased.
And hardness property of asphaltisusedin thehheavy
traffic volumeroad and airport runways.

Theaddition of TiO, nano particleshasasignificant
effect on Softening point of thebinder anditisincrease
by 12%%which showsdegree of softening hasincreased
whichisbeneficid inwarmer region.

Ductility test resultsshow that theaddition of aTiO,
nano particlesresultsin adecreasetheductility of as-
phalt binder. Ductility decreases by 9.3% which shows
the minimum deformation, Sominimum cracking of road
surfacewill occur.

In summary, theresearch findings show that the ad-
dition of TiO,nanoparticlesin asphalt binderstestedin
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thisresearch program improves some of therheol ogi-
cd propertiessuch aspenetration va ues, Softening point
and Ductility vauebecauseit fill thevoid of asphdt due
toitsnano-sizeand create abond between oxygen and
emulsion of asphalt. Thistechnology may be used for
further research in asphdt pavement area.
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