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ABSTRACT

The life expectancy of Asphalt Binder (AB) has beegatively impacted by the harsh bombardment of UV
rays. UV rays cause asphalt to oxidize faster, Wwhiesults in deterioration of asphalt rheological
characteristics that can lead to pavement disse3des study investigates the impact of bio-chat nano-
clay of asphalt rheological properties. Two naralesenaterials were used for this study were naap-ghd
bio-char. Nano-clay (Cloisite 30B) is a naturallycarring inorganic mineral. Bio-char is the wasteduct
from bio-binder production. Bio-binder is producedm swine manure using a thermochemical conversion
process. This process is then followed by a fitiraprocedure where the bio-char is produced. Ctelnaind
physical properties of bio-char showed a signifiganesence of carbon which could in turn enhanphals
flow properties and reduce the rate of asphaltaiiid. In this study several mixtures are desigaed
evaluated using Rotational Viscometer testing (BWJ X-Ray Diffraction (XRD). Nano-clay is blended2a
and 4% by weight, with and without bio-binder (5%oMeeight of dry mass). Bio-char is grinded to nanale
and added to the virgin asphalt binder (PG 64-22), & and 10% by weight. The study results shothat
introduction of nano-clay could be effective inwethg temperature susceptibility of asphalt binder.

Keywords. Oxidation, Nano-Particle, Bio-Modification, Rhegloal Properties, Aging Susceptibility

1. INTRODUCTION binders, this study strives to decrease the ratasphalt
oxidation, which is known as one of the main causes
The physiochemical mechanisms of asphalt oxidativepavement distresses. This in turn will enhanceldggcal
aging and changes in the performance-related prepef behavior of asphalt and extend pavement servieeblf
asphalt have been the subject of numerous researcteducing asphalt aging susceptibility.
investigations and much speculation for many dexdde Asphalt binders are most commonly characterized by
this study two nano materials: Nano-clay and biardre  their physical properties. Asphalt binder’s
blended separately with Asphalt Binder (AB) and -Bio physiochemical properties determine how it willfoem
Modified Binder (BMB) to reduce enhance asphalt as a constituent in Asphalt Concrete (AC) pavement.
properties and reduce oxidation aging. The seleéed  Although asphalt binder viscosity grading is still
was PG 64-22, which is commonly used in North Gaaol common, new binder tests and specifications haes be
and BMB was a bio-asphalt produced at NC A&T farm developed to more accurately characterize asphalt
mainly from swine manure (Firét al., 2011a). Due to  binders for use in AC pavements (ASTM, 2013). These
increasing concerns about the service life of dspha tests and specifications are specifically desigrtied
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address AC pavement performance parameters such asanure. This material is heavily used in the famnin
rutting, fatigue cracking and thermal cracking (A&T  industry as fertilizer. Bio-char has the potenttal
2013). Performance Graded (PG) asphalt binders aréncrease conventional agricultural productivity and
selected to meet expected climatic conditions déage  enhance the ability of farmers to participate imbcen
aging considerations with a certain level of rdligb markets beyond the traditional approach by directly
Therefore, the PG system uses a common set ofttests applying carbon to soil (McHenry, 2009). Applying
measure physical properties of the binder that lman bio-char to the soil replaces carbon, nitrogen aodt
directly related to field performance of the paveinat of the plant nutrients that are removed from thé so
extreme temperatures (CDT, 2013). For example, awith the biomass. The carbon content in bio-char is
binder identified as PG 64-10 must meet performancehighly stable in soil environments and may be
criteria at an average 7-day maximum pavement desig sequestered for thousands of years (Mulktnal.,
temperature of 64°C and also at a minimum pavemenf010). Producing bio-char from farm or forestry teas
design temperature of -10°C (CDT, 2013). In additio provides an impressive list of potential co-bersfit
asphalt binder, bio-binder produced from swine manu including the generation of renewable electricity,
has been used in this study to create bio-modifiedliquid biofuels, gas biofuels, activated carbon,
asphalt. It should be noted that application oftuider eucalyptus oil, a large amount of heat or low-puess
enhances pavement sustainability while facilitating steam as well as potential of net withdrawal ofocar
manure management. Swine manure contributes taioxide from the atmosphere (McHenry, 2009). The
environmental pollution and greenhouse gas emissionoptimum bio-char production temperature in terms of
this study introduces a hybrid approach, which usescarbon recovery, CEC and surface area is 500°C. Bio
swine manure to produce a sustainable alternative f char produced under 400°C has a low surface aréa an
petroleum-based asphalt while investigating effeats may not be useful as an agricultural soil improver
various nano particles in reducing oxidative aging. (Lehmann, 2007). To enhance aging resistance of
According to the USDA, more than 335 million torfs o asphalt nano-clay was added to asphalt binder. Nano
manure is produced annually in the U.S with 40.2 clay, which is from Southern Clay Products Inc.s ha
million tons being from swine. North Carolina alone been used commonly in the polymer industry to
(which ranks second in hog production after lowa) achieve increased mechanical and physical propertie
produces 5.3 million tons of swine manure everyryea such as stiffness, toughness, strength and thermal
USDA, 2005. Currently, a very small portion stability (Leeet al., 2005).The primary use of nano
(approximately 5%) of U.S cropland is fertilizedtlvi  particles as modifiers in asphalt binders has b®en
livestock manure (MacDonald and McBride, 2009); enhance rutting and cracking resistance (¥buwal.,
the remaining manure is mainly transported and2011; Gohet al., 2011; Amirkhaniaret al., 2010). In
disposed of by storing it in lagoons. This prochas the asphalt industry many organic and non-organic
several significantly negative environmental imgact modifiers have been used with the goal of lowering
particularly with respect to surface water, bitumen viscosity, reducing carbon emissions,
groundwater quality and air quality due to odorsl an lowering energy consumption and improving bitumen
gaseous emission from large-sale swine productionworkability (Rubio et al., 2012). Traditionally, the
operations (Ocfemiat al., 2005; Xiuet al., 2011). purpose of applying modifiers has been mainly to
Four gases of immediate concern are Hydrogenextend the asphalt's high and low temperature
Sulfide (HS), Carbon Dioxide (C&, Ammonia (NH) performance grade or to enhance aging resistance of
and Methane (CK which, at elevated exposure levels, asphalt binder. In addition, the environmental
generate health issues ranging from mild irritatton  concerns of the asphalt industry led to the prooroti
death for both animals and humans (Tdaal., 1997). of green asphalt technologies. These new technesogi
Additionally, gases such as Dinitrogen Oxide,Q) can lead to a reduction in the carbon footprint of
Methane (CH) and Carbon Dioxide (C{are associated pavements by the use of Warm Mix Asphalt (WMA),
with greenhouse effects (Jareekal., 2008). Half-Warm Mix Asphalt (HWMA) and Cold Mix

In this study to enhance the flow and dispersion asAsphalt (CMA) which reduce fuel consumption and
well as reduce U.V. aging, bio-char was added toCO, production. To enhance rheological properties of
asphalt binder. Bio-char (biologically derived asphalt while improving its aging resistance, this
charcoal) is the waste product from a hydrothermalstudy investigate effectiveness of application a-b
process used to produce bio-binder from swinechar and nano-clay to asphalt binder.
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2. PROBLEM STATEMENT binder has a high susceptibility to temperaturs, it
viscosity changes rapidly as the temperature clange

The research study in this study focuses on evatuat Asphalt binders with high temperature susceptibiite
the effects of nano-particles on the rheologicabprties  not desirable as they are more prone to thermallawd
and aging susceptibility of asphalt binder and bio- oxidation (Firoozifar and Foroutan, 2011). Therefoit
modified asphalt binder with different percentagéswo is important to numerically quantify this rheologjic
nano materials (nano-clay and bio-char) to undertak property of a binder. Following equation has been
various tests. These tests were conducted to detethe commonly used to calculate the Viscosity-Tempegatur

viscosity, crystalline structure, chemical bonds hio- Susceptibility (VTS) (Rasmussehal., 2002) Equation 1:
modified asphalt and inter layer spacing of namag.cThe
specimens being tested contain bio-char (2, 5 8ftilly 1= 1°9009(n2T,)) - log(log (n1T,)) (1)
weight) and nano-clay (2 and 4% by weight). log(T,) - log(T,)
3. EXPERIMENTAL METHOD Where:
T, = The temperature at point one (°C),

The research hypothesis is that the inclusion ebna T, = The temperature at point two (°C),
materials in asphalt binder enhances asphalt bsder n; = Viscosity at point one (cP) and
rheological properties and reduces its aging stibdéy. M2 = Viscosity at point two (cP)

To test this hypothesis the following research appn
was taken to evaluate the rheological charactesisti
crystalline structure, inter layer spacing and disam
bonds in control asphalts and those modified withious
percentages of nano-clay and bio-char.

3.1. Rotational Viscosity (RV) Test

The Rotational Viscometer (RV) test was conducted
using the Brookfield rotational viscometer and adatg
to the ASTMD 4402 standard specification. Test ltesu
were used to compare dynamic shear viscosity amon
various modifications in this study. Tests weredumied
at 120, 135 and 150°C temperatures.

3.2. X-Ray Diffraction Test o
_ log(Viscosity) )

X-Ray diffraction test was conducted using XPERT- =~ |og(speed)
PRO Diffractometer system. This test is used tdaep
materials polycrystalline structure. The main ude 0 \where:

powder diffraction is to identify components inangple Viscosity = Measure of deformation by shear or itens
by search/match procedure. Data was collected legtwe stress

the angles of 4 and 60°2Th for & two hour period fo gheeq = Rate at which shear is applied to material
each sample. For all samples including nano-clay? 0
RAD soller slits were used on both incident and
receiving side. For bio-char samples, 0.04 RADesoll
slits were used which increase the intensity ofXkeay
beam. Purpose of a soller slit is to take a lingra® of
radiation and slice it into smaller parallel bearibis

reduces axial divergence of the beam. 4. MATERIAL CHARACTERIZATTION
3.3. Temperature Susceptibility

The magnitude of the VTS is directly proportional
to the temperature susceptibility of the binder
(Rasmussemt al., 2002). The dimension of the VTS is
directly proportional to the temperature suscelitybof
the asphalt binder.

3.4. Shear Susceptibility

Shear Susceptibility is defined as the rate of ghan
in viscosity with the shear rate (Robedsal., 1996).
The shear susceptibility or also known as the simefx
9 determined by calculating the slope of the fiorened
by a log of rotational speed versus the log viggosi
graph using Equation 2.

Prior studies showed that binder with relativelyaim
shear susceptibility (low gains in shear suscdijitibi
relative to the increase in viscosity) results iettér
overall pavement performance (Robestal., 1996).

e 4.1. Asphalt Binder
Temperature Susceptibility is a measure of how fast
the properties of binder changes with temperature The control asphalt (PG 64-22) binder which was
(Claudy and Martin 1998); therefore, if a sample of obtained from a local asphalt supplier SBI, 2013 wa
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utilized in the design of the modified asphalt séad  vacuum end of the pump and the other end of the
in this study. PG 64-22 has a mixing temperaturetransparent hose is connected to a glass beaker. A
range of 152-159°C (306-318°F). Compaction rubber stopper is placed in the top of the glaskee
temperatures of this asphalt range from 140-146°CA sieve is connected to a funnel which is then gthc
(284-294°F) while its storage temperature rangesifr  inside the rubber stopper. A sheet of filter paper
135-177°C (275-350°F). placed inside the sieve. Bio-oil is poured over the
. . filter paper. Vacuum pump is then switched on. When

4.2. Bio-Binder all ths I?quid has beeF;l puplled through the filteappr

The bio-binder was produced from the and sieved into the glass beaker, a very fine solid
thermochemcial conversion of swine manure to bio-oi residue (bio-char) remains on top of the filter.
followed by distillation and filtration (Finiet al., .
2011b). In ¥his method animal waste is(chargech'en t 4.4. Nano-Clay (Cloisite 30B)
reactor. Nitrogen gas is used as a processing@as t  Cjojsite 30B is an alkyl quaternary ammonium salt
purge the residual air in the reactor three tinl%e  popionite. It is an additive that is off white inler
reactor Is heated up to the setting temperatu.rgech/_vh and is used to improve various physical propertitss.
|sf mauﬂtamed at a consta?t I%velhfor a speqlfrct:etl moisture content is less than 3% and its partide s
After the reaction is completed, the reactor isiahp approximately 10 ym, with density of 1.98 gcand

cooled down to room temperature by using a recycled X
ice-water cooling coil. The gas is then releasenfr & d-spacing of 1.85 nm/18.5 A. Nano-clays are legler

the autoclave reducing the pressure in the autedav  Silicates that are found naturally and hence they a
atmospheric pressure. The sticky residue is thenenvironmentally safe, economical and sustainable.
separated from the aqueous solutions by filtrationOne of the most frequently used layered silicates i
under vacuum to acquire bio-binder for furtheritest  Montmorillonite (MMT), which has a 2:1 layered
and characterization. The parameters for thestructure with two silica tetrahedron layers
conversion include a temperature of 305°C, pressuresandwiching an alumina octahedron layer. Thesesthre
of 10.3 MPa and_are3|dual time of 80 min. Effiagn layers together form one clay sheet that has a
for the conversion was ?‘b"“t. 70(.)/? (b.ased. on Olrythickness of 0.96 nm, thus the individual clay dbee
mass). During the distillation, bio-oil's viscosityas " " o
are classified as “nano material,” although thedat

measured every 10 min to obtain bio-binder (residue °. ) L
with a specified viscosity. The oil was further dimensions of the individual clay sheet can vaodr

processed using vacuum distillation and filtration. 100 nm to a few microns.
4.3. Bio-Char 4.5. Specimen Preparation

Bio-char used in this study was the waste product PG 64-22 was placed in a bench top oven at 200°C
of a thermochemical process used to convert swinefor 30 min. to reach a homogeneous liquid phase.
manure into bio-oil. Bio-char is available aftereth Then it was blended with the selected modifier gsin
filtration process. A vacuum pump is placed in a shear mixer for 20 min at 700rpm. The experimental
confined environment to prevent the spilling of the design involves nine different modified asphalts as
bio-oil. One end of a transparent hose is connetded shown inTable 1 below.

Tablel. Experimental mixture design

Control (PG 64-22) (%) Bio-binder (%) Bio-Char (%) NaBay (%)

Sample 1 93 5 2
Sample 2 91 5 4
Sample 3 98 2
Sample 4 96 4
Sample 5 0 98 2
Sample 6 0 96 4
Sample 7 98 2

Sample 8 95 5

Sample 9 90 10
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5.RESULTSAND ANALYSIS bio-char mixture has the highest temperature
susceptibility. This result was true for all speeds
The experimental design was conducted to evaluated for bio-char modified asphalt. It carfunéher
characterize rheological properties of modified aod-  seen that the temperature susceptibility for 2%dbiar
modified asphalt binder. The experimental testsewer and 5% bio-char additive are relatively closegure 2b
conducted using a Brookfield rotational viscometer Shows that as the temperature increases, the tatoper
(DVIII-Ultra). For each specimen, test was run lnee susceptibility decreases for each mixture. It can b

replicates. Following combinations were tested: observed that out of the three mixturesFig. 2b, 4%
nano-clay mixture has the highest temperature
«  Bio-char and virgin binder (PG 64-22) susceptibility followed by 2% nano-clay mixture.

. Ngno—cla_y and virgin binder (PG 64-22) with and 5 3 ghear Susceptibility
without bio-binder
The shear susceptibility is illustratedhig. 3aand b
5.1. Rheological Characterization at two different temperatures. From the analysiigf
3a and b, when bio-char is added to asphalt binder, the
viscosity decreases as the shear rate increases.

Figure 3b shows a plot of shear susceptibility of bio-
char mixed with PG 64-22 at a temperature of 150°C.
She results at this temperature are consistent thad
shear susceptibility decreases as the shear agases.

To conduct the experiment Brookfield Rotational
Viscometer (RV) was used following the ASTM
D4402 test procedure (ASTM, 2013) at different
temperatures and shear rates. The influence of th
nano particle additive bio-char temperature andashe
rate on viscosity was investigatdeigures 1a and 1b
shows that the viscosity reduces with the increase 54, Rotational Viscosity
temperature for different concentrations of additiv o ] )
regardless of shearing rate. It can be seen atifgpec As shown inFig. 4, the increase of the bio-char
temperature as the percentage of additive incresses percentage from 2 to 5% leads to 5.4% increase in
does the viscosity. viscosity. Furthermore by introducing 10% bio-char
the viscosity increases by 13% when compared to 2%
bio-char mixture.

Figure 2a and 4b are plots of viscosity versus From the rotational viscosity results shownHig.
temperature for bio-char modified asphalt (2 and 5%5 it is evident that with the addition of 2% nanayl
nano-c|ay aspha|t (2 and 4% nano-day)_ It can beto control binder, the ViSCOSity increases by an
observed that out of the three mixturesFin. 2a, 10%  average of 22%.

5.2. Viscosity Temper atur e Susceptibility

Viscosity Vs. temperature 20 rpm Viscosity vs. temperature 200rpm
1200 4 1200 4
~ 1000 - - ~ 1000 | =
T 800 || | 010% Bio-char _;-’; 800 || | 010% Bio-char
g 600 | | | B 5% Bio-char _Z' 600 - E5% Bio-char
E 200 - | f (2% Bio-char E 400 - [2% Bio-char
200 | = i ~ 200 || FE
0 i | i | i | 0 i L EESL
120 135 150 120 135 150
Temperature (°C) Temperature (°C)

@) (b)

Fig. 1. (a) Viscosity Vs. Temperature for 2, 5 and 10% ¢her with PG 64-22 at 20 rprth) Viscosity Vs. Temperature for 2, 5 and
10% bio-char with PG 64-22 at 200 rpm
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Viscosity temperature

Viscosity temperature susceptibility (Nano-clay)

L : 2 1.0 -

= 06 susceptibility (Bio-char) =) -
< = 08 1 O control
= 0.5 1 = i _
2 04 - 010%Bio-char 'z 0.6 - [ i B2%clay
S 03 - B 5% Bio-char Z o4 || B _ B 4%clay
2 ) = . =
< 02 - E12% Bio-char %0 0.2
2 < 02
@ 0.0 | = 0.0 . . .

120 135 150 120 135 150

Temperature (°C) Temperature (°C)

@ (b)

Fig. 2. (a) Viscosity temperature susceptibility for 2,ri&la@ 0% bio-char with PG 64-22, (b) Viscosity tengtare susceptibility for
control, 2 and 4% nano-clay

97 Shear susceptibility at 135 C 24 - Shear susceptibility at150 C
;- | o 24 -
F’E 5_ 1 n :‘:’: 24 H|H -4
=2 54 2z 24
Z 57 | 010%Bio-char 5 24
2 26 - : £ 23 0 10% Bio-char
o< @ 5% Bio-char =, 3 | § &l
T 26 - o 2 | @50 Bio-char
2 6 02% Bio-char = 23 | § oBlo C};al
= 26 - |  ©2%Bio-char
26 . 23 L TE TR TR o Bro-chat
08 09 12 15 18 08 09 12 15 18
log (Shear Rate), (rpm) log (Shear Rate), (rpm)
(a) (b)

Fig. 3. (@) Shear susceptibility for 2, 5 and 10% bio-chdded to PG 64-22 at 135°C, (b) Shear susceptifit?, 5 and 10% bio-
char added to PG 64-22 at 150°C

RV Bio-Char However, introduction of 4% nano-clay increases the
1200 viscosity by 36% within the temperature range od 1@
1000 190°C. It was also observed that addition of bialbr to
— control binder (PG 64-22) leads to decrease ofigesity
= 800 ——10% Bio Char by an average of 16%; however when 2 and 4% nayo-cl
2 600 —8—5% Bio Char was added to the bio-modified binder, the viscosity
g . increased by an average of 13 and 57%, respectively
2 400 2% Bio Char
s 200 5.5. X-Ray Diffraction Test
The exfoliation of nano particles in asphalt birdder
0 110 130 150 was examined at nano scale level using XRD teclesiqu
Temperature (°C) - The XRD is used to provide a quantitative analgéithe

interlayer spacing and it provides a way to detaenthe
Fig. 4. Rotational Viscosity before aging of virgin asphalt €Xtent of exfoliation of tr,1e nano-clay in the binde the
binder (PG 64-22). Virgin asphalt binder and biach XRD technique, Bragg's law of diffraction is used t
composites at different temperatures measure d-spacing between nano-clay sheets.
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RV nano-clay

R

et .
k{{‘\i <+«#-+ Control binder
‘k-\., :-I -. — - 2% Nanoclay
0.1 \.Q\“\‘%& | TR

—~.p =« =BMB 2% Nanoclay
=+ 4% Nanoclay

= =0~ - BMB 4% Nanoclay

log(Viscosity), (cP)

0.01 :
120 170
Temperature (°C)

Fig. 5. Rotational Viscosity before aging for PG 64-22,-Biodified binder, and Nano-clay

Bio-char— (PG 64-22)

25000 N
o9 =f
Ao
20000 -
” Biochar
Z 15000
g 29%BC+PG
~ 10000 4
5%BC+PG
5000 -
" 10%BC-PG
] 50

Position (°2 Theta)
Fig. 6. X-ray Diffraction results of bio-char blended wRG 64-22 at different percentages

Spacing change (increase or decrease) informaton ¢ equation was used to determine whether the int@rla

be used to determine the level of exfoliation. spacing of the nano particles increased.

5.6. Bio-char
=2 3)
2sin@ XRD results shown irFig. 6 were used to analyze

samples including raw bio-char (2, 5 and 10% biarth

Where: Based on experimental results, 2, 5 and 10% bio-cha

d = The inter layer spacing, and PG 64-22 all have very similar diffraction patt

L =154Aand According to the X-ray diffraction results it care b

0 = The angle at which diffraction peak occurs concluded that this additive (bio-char) had littée no

impact on the layer spacing. If there was a change
For example, no d-spacing change indicateslayer spacing a strong peak would have appeared
immiscible, an increase in d-spacing indicates between 0-10 degreesd.2 Two very strong peaks
intercalation and no distinct peak in the signalicates  appear at 38.47 and 44.74 degreésThese two peaks
exfoliation. In the case of peak in the signal, the are from the aluminum sample holder. The peak that
spacing can be determined as shown in Equatiomi8. T occurs at 21.4 degree$ i all samples that include PG
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64-22 has shifted which suggests a change in spacin  Figure 9 analyzes samples including PG 64-22 and

between crystals not layers. nano-clay at 2 and 4% wt. The results show that
exfoliation has occurred in both cases. In bothheke
5.7. Nano-Clay samples a peak appears at 5.74 and 6.75 degfees 2

respectively which falls between the two peaks Hrat

o s . . present in the raw nano-clay sample (without preserf
the additive nano-clay. This figure is a generaliof asphalt). Based on these results, exfoliation and

how each sample behaved after modification jytercalation has occurred with the addition of aatay
compared to raw nano-clay. As observed fibig. 7, g asphalt binder (PG 64-22). The very sharp peak t
the strong peaks that appear in the nano-clay samploccurs at 4.82 degree$ fom the raw nano-clay does
all repeat themselves for the most part at differen not seem to have much of an impact.
intensities depending on the sample. Figure 10 analyzes samples including nano-clay at 2,
Figure 8 highlights two strong peaks that are 4% wt. and BMB. Two strong peaks are observed
observed between 0-10 degre€5@ the raw nano-clay between 0-10 degree$ #or the raw nano-clay sample.
sample, which leads us to conclude that they ath bo In the modified mixtures, the first peak appearst.&
related to the nano-clay. The first peak appears.&2 degrees @ with a d-spacing of 9.16 A and the second
degrees @ with a d-spacing of 9.16 A calculated using peak occurs at 9.67 degrees\ith a d-spacing of 4.58
Equation 3 and the second peak occurs at 9.67 eegre A. Samples including BMB have completely exfoliated
260 with a d-spacing of 4.58 A. due to no peak appearing between 0-10 degtees 2

Figure 7 is a compilation of all samples that include

Samples including nano-clay

2

3500

4.8

—— Nanoclay
2000 - 4%NC-PG
2500 -+
3 2300 — 29NC-+PG
£ 2000 _
3 ———— 49%NC-BMB
1500 - -
) - 29NC-BMB
1000 / : _ _
500 1 - — 205 NC-BB
0 L1 _ _ 49%NC+BB (SH)
0 20 40 60

Position (°2 Theta)
Fig. 7. XRD results of nano-clay blended with PG 64-22 BMB at different percentages

Nano-clay

7]
S
S
4182

Counls
ra
=
S
=

Nanoclay

0 50
Position (2 Theta)

Fig. 8. XRD results of raw nano-clay
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Nano-clay+ (PG 64-22)

4000
2 3000 ~ Nanoclay
2 2000 4%NC+PG
. 29%NC+PG
ﬁh S
0 .
0 50

Position (°2 Theta)
Fig. 9. XRD results of nano-clay blended with PG 64-22ifieant percentages

Nano-clay+ (BMB)

4000
3000+
zé Nanoclay
= 2000
S R 4%NC+BMB
1000+ 2%NC+ BMB
O 1 .
0 50

Position (°2 Theta)

Fig. 10. XRD results of nano-clay blended with BMB at differgercentages

6. DISCUSSION determine the temperature susceptibility and shear
susceptibility of the samples.

Oxidation of asphalt binder is a phenomenon that is The second test (XRD) is used to determine the
inevitable and plays an enormous role in the crystalline structure of each sample. Crystallitmacture
deterioration of asphalt binder. With that beingdsa causes the incident ray to diffract in various
oxidation cannot be completely prevented; howeter t directions. The angle and intensities of the difteal
rate at which asphalt binder oxidizes can be deecta rays are then measured. Based on these factors a

To enhance asphalt properties and reduce agind@tteérn was produced. The incident ray angle range
susceptibility in this study bio-char and nano-clegs was between 4-60 degrees. Each sample was tested fo

introduced to the asphalt binder. To investigate th two hours. The peaks formed based on the cryseallin

effect of nano-clay and bio-char on asphalt binder Structure of each sample, were then analyzed aed th

properties, two laboratory tests including Rotasibn inter layer spacing was calculated.
Viscosity (RV) test and X-Ray Diffraction (XRD) tes
were used. These tests were conducted at the Civil 7. CONCLUSION

Engineering Lab at North Carolina A&T State  Thjs study investigates the effects that nano alay
University and at the Centre for Material Scienoel a bio-char particles have on the rheological charisties
Engineering at Massachusetts Institute of Technolog and aging susceptibility asphalt binder with anthwiit

The first test (RV) is used to measure viscosity, bio-binder. Based on the test results for nanoigest
which is the rate of deformation due to an appedar ~ modified asphalt and bio-modified asphalt nano-
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