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Abstract—This study has applied thed.orthogonal array of the
Taguchi method to determine the
Nanocomposite asphalt binder. Three control factmesdefined as
polypropylene plastomer (PP), styrene-butadieneesty elastomer
(SBS) and Nanoclay. Four level of concentration teots are
introduced for prepared asphalt binder samplessathples were
prepared with 4.5% of bitumen 60/70 content. Ca@sgive strength
tests were carried out for defining the optimizeample via
QUALITEK-4 software. SBS with 3%, PP with 5 % anardclay
with 1.5% of concentrations are defined as the naptd
Nanocomposite asphalt binders. The confirmation pressive
strength and also softening point tests showed rtiwtification of
asphalt binders with this method, improved the casgive strength
and softening points of asphalt binders up to 55%.

Keywords—modified asphalt Polypropylene, SBS, Nanoclay,
Taguchi method

|. INTRODUCTION

Polypropylene (PP) is a widely used commodity paym

optimized  polymeriknown for its good process ability, low cost, ima@ghinge

property, low density, high softening point and doo
mechanical properties. However, its applicatiora asructural
material is somewhat limited because of its redyiv
moderate fracture performance, especially at sulbiear
temperature. The impact toughness of can be imprdwe
addition of elastomers such as EPR[1],[2], EPDM{i3],.SBS
block copolymer[5]-[9].

Many studies were carried out on Nanoclay (NC) rfiedi
polymers, but little published information is awdile about
Nanoclay modified bitumen. Many research studiestzeen
performed on bitumen modification by polymer maikyisuch
as SBS (Styrene Butadiene Styrene Block Copolyn&BR
(Styrene Butadiene Rubber Latex), and EVA (Ethyhyi
Acetate). Cheret al. [10] research findings showed that SBS
improved the rheological properties of asphalt bindue to

ASPHALT (or bitumen) is used in road pavements as tfihe formation of a polymer network in the binder.

binder of aggregates in a great extent all aroums t

This network forms in two stages: at low polymer

world. Asphalt pavements must undergo heavy loaas aconcentrations, the SBS acts as a dispersed polgniedoes

unfavorable environmental conditions for an acdejptaeriod
of time. High-temperature rutting and low temperatu
cracking are the most considerable limitations wiodified
and pure asphalts. Therefore, modification andfeetement
of asphalt binder is necessary.[1]

Improvement in rutting resistance, thermal crackfatigue
damage, stripping, and temperature susceptibilayehled
polymer modified binders to be a substitute forhadpin
many paving and maintenance applications, inclutioigmix,
cold mix, chip seals, hot and cold crack fillingatghing,
recycling, and slurry seal. They are used wheresdra
performance and durability are desired. The rhecédg
behavior of asphalt-polymer blends is of greatregebecause
it is closely related to the performance of pavernen
Furthermore, the addition of small amounts of paym
dramatically changes the rheological properties thé
asphalt.[1]
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not significantly affect properties; at higher centrations,
local SBS networks begin to form and are accomphbhiea
sharp increase in the complex modulus, softeningntpo
temperatures, and toughness [10]. Recently, massarehers
have reported effect of Nanoclay in PP/SBS blends o
morphology, tensile properties, impact strength #egural
properties [8].

Nanoclays are micro-scale fillers which would make
polymers efficient as filler reinforcements. Ghilgl1]
performed mechanical tests on asphalt mixture rrestliby
cloisite. The result shows that Nanoclay modifieatican
improve mechanical behavior properties of mixtisech as
indirect tensile strength, creep, and fatigue tasie [11].

Althoghe there are many researches about Nanoadlay o
polymer modified asphalt binders, but simultaneous
modification with both Nanoclay and polymer was etgar
done.

This study utilized the Taguchi,4 orthogonal array for
optimizing the concentration content of PP/SBS/Ndenp
modified asphalt binders. The optimized sample olatgined
from compressive strength test resulf$ie total optimize
sample was characterized via softening point amdpcessive
strength test.
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TABLE |
BITUMEN'S PROPERTIES

Compressive strength and softening point of asphalt
samples were determined in accordance to the ASEMand
ASTM D35 respectively [13].

TABLE llI
AGGRIGATEPROPERTIES

Bitumen type 60/70
Density(gr.crit) 1.03
Penetration grad&g) 65
Ductility at 25'C (cm) 100
TABLE Il
NANOCLAY PROPERTIES
Treatment/Properties Cloisite-15A

MT2ETOH (methyl, tallow,
bis-
2-hydroxyethyl, quaternary
ammonium)

Organic Modifier

Bast¢ Montmorillonite
Moisture 1.2%
Particle Size Distribution (%) 1um
Density, gr/m 1kt

Coarse aggregate (ASTM C127)

Bulk specific gravity, g/cth 2.58
specific gravity, g/crh 2.68
Absorption, % 0.45
Fine aggregate (ASTM C128)

Bulk specific gravity, g/cth 2.69
specific gravity, g/crh 271
Absorption, % 0.96
Filler (ASTM D854)

specific gravity, g/crh 271
L.A. Abrasion, %, (ASTM C131) 23

Il. EXPERIMENTAL

A.Materials

In this approach, bitumen Bitumen was a 60/70 patieh
grade and its properties are shown in Table lgdticta
polypropylene (PP) (grade: repol HO60MG, MFI 6 gthin)
was obtained from reliance industries limited. SBI®ck
copolymer (carl Prene 501) was purchased from dna#s
common type Nanoclay used in this research wassi®ei
15A. Properties of Nanoclay is shown in Table II.

B. General description of preparation the modified asphalt
samples

The PP/Nanoclay master batches were prepared us

Haake Torque Rheometer (Rheomix 600P) fitted wailer

rotors (net chamber volume 69 YmThe batch weight was

optimized to 43g and mixing was carried out at’Z&thd 20
rpm. The Nanocomposites of PP/SBS/Nanoclay wengapeel
Haake twin screw extruder.

The high tendency for decreasing of viscosity asatching
to a fine mixture in one hand, and the enhancewfgmblymer
destruction in high temperatures in other hand, endte
mixing temperature ranged from £80to 206C. Mixing the

obtained Nanocomposite with bitumen was done using

Industrial high shear mixture,Silverson, model | 4Raly.
Bitumen (4.5%wt) was preheated till P80In a reason of
initial mixing, the Nanocomposite was mixed withtuohen
with low rate (200rpm) for 10min. according to thige
polymer structure doesn't deteriorate during treoseé phase
of mixing.in the second phase, the total mixtures wiixed
with high rate (3000rpm) for 30 min.

The aggregates used in this study were crushedstiime
aggregates with gradation characterized by 12.5romimal
size (according to Pavement Guidelines in Iran)ysitial
properties of the aggregate, both coarse andtiigether with
mineral filler are given in Table 3. In a reasonpefforming
the asphalt tests, marshal samples were syntheateulding
to ASTM D1559 standard.

Ill. DESIGN AND CONDUCT THE EXPERIMENTS
A. Describe quality characteristics and design parameters

Quality characteristics selected to be the optitiona
criteria are divided into three categories, theyéaithe-best,
the smaller the- best and the nominal-the-b&be quality
characteristic of this study is the maximum for poessive
strength of synthesized Nanocomposite bituminoyshals
samples., which belongs to a larger-the-best clenatics,
and is calculated by using equation below:

S/N.=-10 Iog(% Z?zly—g) (1)
L
ere yis the value of quality characteristic measureunfr

I
;ﬁ/ trial and the unit of S/N is dB; n is the numbgthe tests
in a trial.

B. Definition of effecting factors and their levels
Three factors with three levels were chosen andiestiuin
this work:

e Factor (A) Polypropylene (PP) : 2,4,5,7 %wt.

e Factor (B) Styrene-butadiene-Styrene (SBS) : 153,4,
Yowt

¢ Factor (C) Nanoclay : 1,1.5,2,3 %wt

C.Section of orthogonal array (OA) and assignment of
factors

Taguchi’'s arrays are versatile recipes that ardiegppo
several experimental conditions. The experimentsrewe
designed according to the orthogonal array teclaicdn
orthogonal array is a fractional factorial desigithwair wise
balancing property. Using orthogonal array desigan c
estimate how multiple process variables affect the
performance characteristic simultaneously while imining
the number of test runs. In this paper, we used lthe
orthogonal array for three controlling factors. dloserve the
data reliably on this experiment, compressive sgfitertests
were carried out for two times with same conditions
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Standard ks OA table with four levels and three factors is Changes in SBS concentration results in the moshgds
shown in Table IV. Each row in the table representsial on S/N ratio. It can be seen that the next effectactor is PP
condition with the level of factors. polymer.

For analysis of the results and optimization of ditans
for setting the control factors, QUALITEK-4 softveawas TABLE V
used. QUALITEK-4 (QT4) Version 4.75 is the windows RESULTSOFCOMPRESSIVESFREgi_‘Ir':-Ci)TESTSANDCORRESPONDIN(S/N
version software for Automatic Design and Analysit —g 50 Tral #1 Tral 2 SN
Taguchi Experiments. 65 57 47.948
68 71 -47.684

D.Analysis the results to determine the optimum condition 75 75 -46.798
64 66 -46.202

1
2
3
4
Analysis of variance (ANOVA) is performed on the 5 69 71 -46.92
6
7
8
9

experimental results obtained from Taguchi expenisie 66 66 -47.578
ANOVA study identifies the relative influence ofetlactors 22 Zsé '1%23326
in discrete terms. According to the three main m@rfactors :

68 67 -45.569

at four levels, obtaining signal-to-noise ratiogNSof the 10 63 64 -45.145
experiment results after selecting the proper githal arrays 1 64 63 -46.118
identifies the relationship between the parameterd the ig %57 gg :ji-géi
response (the maximum compressive strength), amaingb 14 65 67 -44.84¢
the primary optimum of the operating parameterds Btudy 15 63 61 -45.145
uses the ANOVA to identify the important parametbis can 16 64 65 -45.986
affect asphalt binder quality characteristics aatednines the leval
most robust set of operating conditions from véaoia within dae
the results. 1 3 ; F

TABLE IV 45

EXPERIMENTAL LAYOUT OF L16 ORTHOGONAL ARRAY (THE NUMBER IN
COLUMN SA,B AND C INDICATE THE LEVELS OF THE FACTORS)

Trial 455

——=505

-
46
= ManaCLry

SN Ratio

46.%

47

415
Fig. 1 Main effect plots for S/N ratios obtainedrfr compressive
strength data
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IV.  RESULTS 50 A

A. Taguchi results
The results of the compressive strength for eaotpaand

80
corresponding S/N ratios are listed in Table V. Thality 0
characteristic chosen in this case is compressivength 60 1
because it is so frequently used in asphalt cheniaation and 50 -
performing evaluation. In order to evaluate thduemnce of : 0
each factor on the compressive strength, the Siblfar each
factor should be computedhe S/N ratio averages for each 30 1
factor at four levels are presented in Fig. 1. @Wemean 20
value was calculated as 10 4
-46.1 from all Taguchi experiment results taken nfro

Base PP

compressive strength data (see Fig. 1). 0
On the other hand, the maximum variation level wa PR/NC PP/SBS  PP/SBS/NC
determined as -1.5 that is belongs to SBS factor. Fig. 2 Effect of different combination of modifieos compressive
The difference between the slopes of factors shbevtevel strength
of effectiveness of each factor.

compressive strength (WMPa)
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In a reason of consideration the independent dyaofi
effectiveness of each factor, the compressive gtherof
optimum Nanocomposite asphalt sample, the sampleout
SBS, the one without Nanoclay and the one witiNarioclay
and SBS were examined and compared with the urieddi
bituminous asphalt sample ( Fig. 2).

=
Q

11

PP/NC PP/SBS PP/SBS/NC

Fig. 3 effect of different combinations of modienn softening point

o -

Base PP

TABLE VII
PREDICTEDLEVEL DESCRIPTIONAND PERCENTCONTRIBUTION
Factor d Le\_/ell Level Contribution (%)
escription
5 46
SBS 3 2 34
NanoClay 1.5 2 20

B. ANOVA results

ANOVA was performed in order to see whether thecpss
parameters are statistically significant or note Tiesults of
ANOVA are listed in Table 6The rows which are marked as
error refers to the error caused by uncontrollataletors
(noise). In general, the value should be below 56&terwise
the results would not be reliable. As it can bensfeem Table
6, the calculated error is about 7% which is faowgh from
the limit. It means that the error of the experimen not
significant. Quantitative evaluation can be achiewdth using
percentage contribution (P%) [12]. It is calculabgddividing
the source’s net variation by §Svhich is given as follows:

SS4—(DOF 4XMSg)

P(%) = x 100 (2
SST
TABLE VI
PARAMETERSSOF THE STATICAL ANALYSIS FOR COMPRESSIVESTRENGTH
DATA
Factor Degree of Sumof sqrs.  Variance Percent (%)
freedom
SBS 3 7.977 3.712 46.540
PP 3 5.817 0.186 33.93
NC 3 2.825 1.048 16.48
Other 6 0.52 0.082 3.04
error
total 15 17.14 - 100

V. RESULTSAND DISCUSSION

As it can be seen in Fig. 2, the optimized PP/SES/N
sample has the highest level of compressive stnengt
modified samples showed an improvement in their
characteristics but the sample that was introdutadaguchi
optimization method had 56% improvement in compvess
strength.

Fig. 3 shows that, in presence of PP/SBS/NC contaet
softening point of the asphalt was increased mbam tPP,
PP/NC and PP/SBS modified asphalts and the babalasfis
it could be predicted, the maximum increase wasvasl
with the total optimum sample. The increment ofteihg
point level for PP/SBS/NC modified sample reaclef8%.

According to the results, When SBS was introduce&®P
modified asphalt, the PP/ SBS modified asphalt sisbght
higher softening point comparing to base asphalt
sample.Which implies that, the high temperaturepertes
were improved. This may be due to hardening efié&P and
the network structure formed by SBS in the aspbigibd. In
the absence of SBS , the PP/NC modified asphaltsiiswed
an increment in softening point but as it coulddoacluded
from Taguchi results, it has a fewer effect thae BP/SBS
modified samples. PP/SBS modified asphalt sampéhtgher
effect on asphalt physical properties becauseotiyeed less
brittleness asphalt binder at low temperature sistehermal
cracking and more stable and flexible asphalt méxiat high

The order of importance of factors is as followBSS PP> service temperature to resist fatigue cracking.[1But
NC. SBS content is the most important factor fampeessive Nanoclay particles don't chemically react with adph
strength data.it seems that Higher SBS contentltsesm mixture. When bitumen is modified with small amauraf
higher compressive strength. This result, accordimgthe Nanoclay, its physical properties are successfalihanced
quality characteristics that was chosen for stiertgta, was [14] Nanoclay materials have high aspect ratio anidrge
to some extent, predictabl€he final step in Taguchi robust surface area and adding even a small amount ot thas
design, is predicting the optimum conditions anceirth highly increase compressive strength and softepwigt(see
performances based on entered results. Our tot@nem Fig. 2 and 3). Nanoclay have improved the rigidity PP
modified bituminous asphalt will be presented adioay to which may be attributed to reinforcing effect.
the obtained results of performed tests. Predidekl According to results, the simultaneous combinatina
description and percent contribution of all factoese plastomer (PP) and elastomer (SBS) and nanoparticle
presented in Table 7. (Nanoclay) can balance the advantage and disadyawofaall

three control factors defined in this study.

C.Confirmation experiment

The confirmation experiment is highly recommended b VI. CONCLUSION
Taguchi to verify experimental conclusions. Aftgutimum Scientists and engineers are constantly tryingigrove the
conditions were determined, the confirmation experit was performance of asphalt mixtures by using varioughous
performed with combination of the optimum levelstnpare including asphalt binder modification.
the results with the predicted performance.
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This study aimed at the optimization of asphalt tomie
modified with PP/SBS/NC via Taguchi method. Twaegof
data were obtained thorough compressive strengtts tef
samples based on Taguchi recipe.

According to the results, this modified asphalt tmig had
the best output compared with PP/SBS or PP/NC nealif
asphalt samples. On the basis of Taguchi resulBS S
elastomer with 3% wt. had the highest level of effeeness
due to its ability for increasing the strength sphalt mixture
and softening point. PP plastomer was the secofettefie
control factor with 5% wt. of asphalt content.

Finally Nanoclay with 1.5% wt. had the lowest perege
of contribution. The nature of Nanoclay as filleraterial
results in higher compressive strength and softepoint. The
most important fact about Nanoclay fillers is thamall
amount of this material caused huge changes inirmuta
results.

Although Nanoclay had the least effect on physical
characterization of modified asphalt mixture, bompared
with the two other factors (PP,SBS) concentrationbad a
significant effect on total results.
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