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roadbases. Cold and warm methods are mainly intefate

roads with low or medium traffic volumes, while letycling

is also suitable for roads with high traffic volusnén cold and

warm recycling, the proportion of recycled asphadty be up

¢ to 100%, while in heated plant recycling the prajoor may
be 10-40%. In cold plant recycling, the new binctemsists of
bitumen emulsion.[5]

Abstract— Recycling asphalt pavement creates a cyafe
reusing materials that optimizes the use of natunadsources.
Reclaimed asphalt pavement (RAP) is a useful altermatito
virgin materials because it reduces the need to ugegin
aggregate.[1] In this investigation, it has beemudted the effect o
nano material such as nano silica and nano carbom dhe
mechanical properties of marshall specimen. Testgevearried
out on cold RAP with slow setting emulsion. Optimum pent of The increasingly used of bitumen emulsion in road
emulsion was obtained from previous research. Aftercongiryction is no longer a new issue ever since th
determination the optimum percent of nano silica @nmano introduction of bitumen emulsion dated back to éaely of

carbon tubes , these percent used with optimum patof latex to o . o
studding the improvement in mechanical propertigkhe results  20th century. It was first introduced in the 190@igh initial

showed that, there is improvement in stability abdi50% by used application focused on dust control and later gaiteest in
nano materials. farm and market roads paving which experiencedivels
low traffic stress.[6, 7]

Bitumen emulsion can be produced by mixing hot akph
binder with water containing emulsifying agent gsia
colloid mill or other dispersion devices.[8] Mancfaring
methods may affect the properties of the final emul

Existing asphalt pavement materials are commoni$ometimes, polymers are added during the manufagtur
removed during resurfacing, rehabilitation, or metouction process to produce polymer modified bitumen emulsio
operations. Once removed and processed, the pavemahich possesses better properties compared to the
material becomes RAP, which contains valuable dsphgonventional bitumen emulsion. There are severaiswa
binder and aggregate.[1] add polymer as for example, pre-blending in thgsmdution,

The main purpose of recycling is to reuse existingo-mill or post addition as indicated in Figure9]..[
pavement material for rehabilitation of pavememtse most

Index Terms— Cold Asphalt Mixtures; Asphalt Emulsions;
Polymers; Nano-Materials

|. INTRODUCTION

important advantages of recycling are conservatidn

Surfactant Solution

Agitator

Latex (pre-blend)

Bitumen Tz

resources and money. Cold-mix recycling is one haf t Acid W — i v
various recycling methods available today. Cold-mix W |y
recycling can result in a stable pavement at & éogaenditure I content  Latex .'.
of 40 to 50 percent less than that required by entignal P Y e
construction methods.[2] However, like conventiomai mix M @ v P
asphalt, cold-mix asphalt used for recycling maéstibsigned cater ooy

Wet-Process v

properly to ensure reliable performance. The unigagures
of cold recycled mixes are time temperature efféctiring)
due to the presence of the water and/or volatiles the
slower binder softening rate.[3] Hence, proper @erations
should be given to changes in mixture propertigh wWime
and target reduction of aged binder consistencghénmix
design.[4]

Old asphalt materials can be recycled using co&tpwor
hot production methods, and the addition of newdéin
asphalt mixture, water or mineral aggregate inoldeasphalt properties of the residue after breaking when coetbao
can be performed either in the plant or on sitecy®ed ynmodified bitumen emulsions. Still, PMBE are
asphalt can be used for wearing courses, basesoworse characterized in the same way as unmodified ermgsio
binder content, viscosity and particle size (esgbcithe
absence of coarse particles, i.e. residue on ibedsg key
properties. The main difference lies in the rhemal
properties of the residue.[9]

Asphalt Emulsion

Emulsion Modification !
Storage

Figure1: Bitumen emulsion modification processin
manufacturing industry.[9]

One way to improve the use of cold technologieseund
high traffic loads is through the use of high perfance
binders such as Polymer-Modified Bitumen Emulsions
(PMBE).In all cases, PMBE shows improved rheoldgica
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In recent years, some researchers have startedrioom
the improvement of asphalt materials with nanonmetein
asphalt cement and emulsions.
nanomaterials which have been or have potentlad tased in
asphalt modification; such as nanoclay,
nano-hydrated lime, nano-sized plastic powders,
polymerized powders, fibers, and nanotubes.[10]

This research studies the effect of nano-matetieh sas

nanocarbon tube and nano-silica on the mwchanical

properties of emulsion in cold reclaimed asphaitepaent
CRAP.

I1.LITERATURE REVIEW

In 2007, Federal Highway Administration (FHWA) cred
an Expert task group (ETG), known as the RAP EDGite
use of RAP in the construction and rehabilitatidrilexible

pavements. It is comprised of RAP experts from FHWA

State transportation departments, the American daton
of State Highway and Transportation Officials (AABHI),
the National Asphalt Pavement Association (NAPAje t
National Center for Asphalt Technology (NCAT), grebple
from the industry and academia. The purpose OE#® is to
advance the use of RAP in asphalt paving applicatioy
providing State transportation departments andintastry
with information emphasizing the production of highality
high RAP mixtures, the performance of asphalt nmedu
containing RAP, technical guidance on high RAP gcty,
and RAP research activities.[1] Giuliani

nanosilica,

Mixtures with virgin aggregates
or Compr. | Compr. | Indirect | Dynamic
strength| Strength| tensile modulus
7 days | 28 days| strength
% emulsion | - - + +
% cement + ++ = ++
Compaction| = = T =
curing time | + + ++ =
Mixtures with RAP
Compr. | Compr. | Indirect | Dynamic
strength| strength | tensile modulus
7 days | 28 days | strength
% emulsion | - - = +
% cement + ++ + ++
Compaction| + ++ 1=
curing time | + + + +

Table 1: Influence of the different variablesin the
experimental study[11]

There are various

Fandet. Given the composite nature of asphalt mixture, the

Al.[11]compared the performances of asphalt coecrepotential for improvements in the engineering préps of

prepared with RAP and cold-stabilised with bitumigo
emulsion and cement, and those of asphalt conpreteared
with the same binders and by the same techniqueyding

virgin mineral aggregates. Research studied tHeen€e of

several variables that were taken into consideratio both

the mixtures produced by virgin mineral aggregatd the

ones containing RAP. Table 1 briefly shows théugrice of

single project parameters on the final
performances of asphalt concrete.
although it provides an easily understandable tpiale

evaluation, cannot be considered complete for cehwrsion
of all the factors that may influence the good feet the

roads cold recycling process. Cold recycling ophedt
pavements involves different factors, some of whighquite
difficult to control, especially on site, such asather
conditions, the heterogeneity of the lots and tbekimg plan
of contractor.[11] Nevertheless, the analytical rapgh to
this recycling technique has made it possible @iuate the
influence of the different independent variablesl dras
allowed to quantify the structural contributiontb& various
binders used. In the cold stabilization process dbment
plays an important role, since it contributes digantly to

the increase of mechanical strength, but it is alseffective
regulator in breaking phenomena of the bituminanalsion.
The laboratory tests showed that mixtures with cenas
additive provide the best performances if compaeteéd a

high energy and a low percentage of emulsion. Aressive
quantity of liquids reduces the efficiency of thenpaction
process, preventing from the reaching of an optideslsity
and increasing the water-cement ratio.[11]

asphalt mixture through the application of nandexdogy is
significant. The mechanical behavior of bituminoosterials
depends to a great extent on structural elements
phenomena which are effective on a micro- and macate.
The nano-modification of materials is start wittgreering
modifications to the molecular structure with am &b affect
the bulk properties of the materials. The nano-fircation of

an

mechanic#lituminous materials has the potential to open bplevnew
This table apywauses and classes of bituminous materials. Mosteoturrent

bitumen modifiers in the market do not work on agacale.
They don’t do anything to the chemistry of the bign, rather
just improving specific properties such as bindiagd
flexibility. Nano-scale modifiers can react withtlohen and
change the chemistry and the molecular structurdghef
bitumen. This catalytically reaction may cause drett
properties.[12]

Timothy R and et. AL[13] made an effort to better
characterize asphalt emulsions that are typicagdun cold
in-place recycling (CIR) applications. A simple apgch was
presented that treated the cured residue as asphaétr and
applied the standard Superpave specificationsetoriditerial.

A literature review examined methods that haveohisally
been used to produce, characterize, and apply laspha
emulsions.

Four emulsions were tested in this project: CRSE$%5-1,
EE, and HFMS-2P. The emulsions were cured two whgs,
first being allowed to sit overnight in a pan atomo
temperature, and the second being a modified RTFOT
approach. Air cured samples were also aged in thé. P
These residues were then tested with the BBR andtDdw
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temperatures and with the DSR at high and interatedi in nano-silica as shown in Figure 5.
temperatures. AASHTO MP1 specifications were apipiie

Table 2: Effect of Nano-Silica on M echanical Properties
order to characterize the emulsions by PG gradiowiag P

this, AASHTO MP1a specifications were followed iler to Nano-Silica
find the critical cracking temperature of the erans. Master Cont
curves were constructed from the DSR tests of cexngthear 1% | 3% | 5% | 7% 9%
modulus vs. frequency. Finally, a sample mix desigs
presented using these emulsions and an empiricatieq to Stability a5 | &7 | 930 | ¥ 1317 | o0
predict the dynamic modulus of the mixture.[13] (Kg) 5 5
[11.EXPERIMENTAL WORK Flow (mm) | 20 197 15 | 135 12 10.5

This research studies the improvement in mechani >
properties in cold RAP by adding nano materialtheoused Rigidity 3225 33.2 60 96.6 107 | 90.48
emulsion as a percent of its weight. To achieveotiEmum (Kg/mm) ' 9 7 '
percent of nano-silica and nano-carbon, five pdgroémano Increasing
silica (1, 3, 5, 7, and 9%) and four percent ofmearbon tube | -
(0.01, 0.1, 0.5, and 1%) were mixed with emulsi@ndl | " sy 2 44 | 102} 104 47
silica and nano carbon tube mixed with emulsion b %
mechanical mixer. Decreasing

ASTM D5581 - 07a(2013) Marshall tests were cardatl | . . - | -1} -23| -33| -39, -48
on specimen prepared by 3.5% of emulsion and 3%rvedt in Flow %
dry aggregate weight (as optimum percent from tieeipus Increasing
research). Figure2 show the experimental workssiefhe in Rigidity 3 86 | 200| 233 181
laboratory.

%

r
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a) Nano b) Nano ¢) Mechanical

>0 / * y=-4.55x*+53.01x-55.00 #

R*=0.92

Ratio of Increasing in Stability %
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Nano-Silica %

Figure 3: Effect of Nano-Silica on Ratio of Increasing

d) Marshall e) Eiection Marshall f) Marshall in Stability
Figure 2: Experimental Work Steps 250
¢
After determination the optimum percent of nanézaiand - -
nano-carbon, research studied the effect of thismopn 20 A ~
percent on polymer modified emulsion. Marshall Spea /’ ¢

—_
o
=

were prepared with polymer modified emulsion with%

/628048787
emulsion and 3% water as previous additionally 3%atex y=-628¢ +8787x-3161

Ratio of Increasing in Rgidity %%

2.

polymer as a percent of emulsion. All results coragawith 100 ,-’ y R=0%

Marshall Specimen with bure emulsion to recognilze t .

improvement. 50 /!

IV.RESULTS ol 4
Effect of nano-silica on emulsion used in cold R&P A A

. . . . " ilica ¢

illustrating in Table 2. Increasing percent of nala Nano-Silica %

increase the stability and rigidity until the perteeach to 7%
then 9% percent have a negative effect as showigire 3, ~ Figure 4: Effect of Nano-Silica on Ratio of Increasing in
and 4,While flow of the specimen decreases withrtbease Rigidity
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Figure5: Effect of Nano-Silica on Ratio of Decreasing in
Flow

From the results, the optimum percent of nanossibcr%.
This percent increase the stability 104% than therol, and
increase the rigidity 233%, while flow is decreas89%. To
obtain the optimum percent of the trends for siigbdnd
rigidity and still acceptable, the equations of tilesd should
differential and equality by zero as illustratedriable 3.

Table 3: Optimum Percent of the Trend For Nano-Silica

Equation 1° Differential | Optimum
N y = -4.55% + y'=-9.1x+ X=
Stability
53.01x - 55.00 53.01=0 5.83%
- y=-6.28¢+ | y=-1256x+
Rigidity X=7%
87.87x - 91.61 87.87=0

200

-
'3
o

=
(=]
o

¥ =-564.94x? + 583.29% + 3.66
R2-0.99

[
o
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Figure6: Effect of Nano-Carbon on Ratio of Increasingin
Stability
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Figure7: Effect of Nano-Carbon on Ratio of Increasingin

Table 4 illustrates the effect of nano-carbon tulre

emulsion used

in cold RAP. Stability and

rigidity

areincreasing with the increase in percent of naarben
until percent of 0.5% then negative effect werevoed as
shown in Figure 6, and 7. While specimens flowasrdases
with the increase in nano-silica percent as shawkigure 8.

Table 4: Effect of Nano-Carbon on M echanical

Properties
Nano-Carbon
Control
0.01%| 0.1% | 0.5% | 1%
Stability
645 675 1050 1625 790
(Kg)
Flow (mm) 20 20.25 17 15.25 14.5
Rigidity
32.25 33.33| 61.76 106.55 54.48
(Kg/mm)
Increasing in
- 5 63 152 -9
Stability %
Decreasing
1.25 -15 -24 -28
in Flow %
Increasing in
o 3 92 231 25
Rigidity %

Rigidity

35
\G
& 30
E »
= 25
£ *
&

15 —4——
c y = -41.199x” + 64.868X + 3.432
& 10 R? = 0.89
L)
[=]
£s
=
- 0
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Figure 8: Effect of Nano-Carbon on Ratio of Decreasing

in Flow

From the results, the optimum percent of nano-aaibo
0.5%. This percent increase the stability 150% tktzen
control and increase the rigidity 231%, while flow

- decreasing 24%. To obtain the optimum percentetrignds

for stability and rigidity, the equations of theerid should
differential and equality by zero as illustratedliable 5.

Table 5: Optimum Percent of the Trend For
Nano-Silica
Equation 1% Differential | Optim.
| y=-564.94%+ | y'=-1129.9 x +
Stability x = 0.5%
583.29x + 3.66 583.29=0
| y=-793.90%+ | y'=-1587.8x+ x=
Rigidity
859.25x + 2.81] 859.25=0 0.54%
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Table 4 compares the results of stability, rigidagd flow

between samples prepared by nano-modfied emulsidn a

samples prepared by nano-polymer modified emulsion.

Table 4: Comparison between nano-modfied emulsion
and nano-polymer modified emulsion.

Nano silica Nano carbon
Cont. Nano+ Nano+
Nano Nano
Latex Latex
Stability
645 1317.5 1625 1625 180(
(Ko)
Flow (mm) 20 12.25 11.25 15.2% 14.4
Rigidity
32.25| 107.55| 144.4] 106.55 124.
(Kg/mm)

Figures 9,10, and11 shows the effect of optimurme@rof
nano silica and nano carbon tube on the stahilgidity and
the flow of marshall test made by polymer modifeadulsion
respectively.
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Figure 9: Effect of optimum nano and optimum polymer
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Figure 10: Effect of optimum nano and optimum polymer
on Rigidity
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Figure11: Effect of optimum nano and optimum polymer
on Flow

14 From the results, using polymer improve the med@ni

properties. Latex increase the stability 152% isecaf nano
silica and 179% in case of nano carbon. Also, laiereases
the rigidity 348% in case of nano silica and 28%fgase of
nano carbon While the flow decrease 44% in caseanb
silica and 28% in case of nano carbon.

V. CONCLUSION

Effect of nano material such as nano-silica and
nano-carbon on the mechanical properties of mdrshal
specimen were studied to achieve the optimum perééer
determination the optimum percent of nano-silicd aano-
carbon, this percent used with optimum percentatéx to
studding the improvement in mechanical properties.
1)Nano silica and nano- carbon improve the mechanical
properties.

2) Optimum percent of emulsion are 7% nano silica@b&o
nano carbon.

3)Optimum percent of nano-silica increase the stghili
104%.

4)Optimum percent of nano-carbon increase the stabili
150%.

5)Add Latex to optimum nano silica increase the $tgbi
152%, while add Latex to optimum nano carbon ineeea
the stability 179%.

Therefore it is recommended to study the econonugioig
nano-materials as additives to be used to enhahee t
performance of cold in-place recycling mixes.
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