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Abstract

The objective of this paper is find the effect of using iron oxide as
a filler on the Marshall stability, flow and the volumetric properties of
HMA and compared the results with conventional HMA using
limestone dust. Three blends were used: coarse, mid and fine with neat
bitumen (AC 40-50). One aggregate type (crushed) with two types of
fillers: limestone and iron oxide I1I (x-Fe,03) with three different filler
content 6%, 8% and 10%. The Marshall mix design was conducted on
the three blends and the optimum binder content is computed for each
blend. The Marshall stability test results and the volumetric properties
analysis showed that increasing the iron oxide content from 6% to 10%
increases the stability about 28%, 17% , 16% for the coarse , mid and
fine mixtures respectively. This increment in stability of mixtures using
iron oxide related to the increment in specific gravity of the mix (Gmb)
by (1.3% to 1.5% about 30 to 50 kg/m3). On the other hand, the flow
of mixtures is decreased about (5%) for mixes using iron oxide than
the ones that used limestone as filler. The fine blend with 10% iron
oxide exhibit the highest stability of 13.3 kN. While the coarse blend
stability was 10 kN for the same filler type and content. Generally, the
Marshall Test results of HMA using iron oxide as filler showed better
resistance to plastic deformation, also produce denser HMA with
higher stiffness. On the other hand, the volumetric properties analysis
showed lesser values as compared with conventional mixture where the
void in mineral aggregates and void filled with asphalt has decreased
but within the acceptable limits.
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1. Introduction

Colored asphalt pavements represent a new
pavement technology, it may have different functions
such as beautifying cities, increase driving safety, and
limiting traffic lanes for buses and bikes therefore it is
draw attention over all world recently [1].

Earlier, researchers found out that the asphalt
pavements can be colored by using of either pigments
(insoluble substances) or (water soluble
substances) [2].

Lane coloring can be accomplished through one of
three methods: painting, applying a
thermoplastic, laying a thin wearing course of Colored
Hot Mix Asphalt (CHMA). Also synthetic clear binder
with pigments and polymers was lately used in most of
colored pavements [3].

Red Colored hot mix asphalt can be prepared by
adding iron oxide as filler [4]. The thickness of the
colored wearing course is (30-40 mm) over an asphalt
concrete base for roadway and (15-20 mm) over an
asphalt concrete base course for the sidewalks [5].

Colored HMA was prepared by using iron oxide as
filler to study the stability of the mixture that used in
great Seoul children’s park. The CHMA was
composed of aggregates, iron oxide and neat bitumen
AC 85-100. The aggregate gradation used was 11%,
82%, 7% coarse, fine aggregates and (5.8% limestone
dust and 1.2% iron oxide) as filler respectively. The
Marshall Stability test results showed that stability was
approximately the same of conventional mix. The
reason of no increment in stability was the use of
excessive fine aggregates than the coarse one which
made the HMA deforms easily under high temperature
during testing at short time. However, the CHMA
satisfied the minimum stability requirement to be used
as side walk [5].

Rang et al. (1985) developed a colored binder with
a synthetic resin and different colors of paint. The
binder performance was similar to petroleum asphalt
that satisfies rheological properties and specifications
determined by tests such as the Marshall Stability test
and wheel tracking test [5].

(Liu et al, 2009) prepared colored styrene—
butadiene-styrene-modified emulsified asphalt as a
colored binder with colored aggregates and additives
to produce colored micro surfaces. Pavement
performance tests for the colored pavement produced
a high performance meets road requirements and
offers advantages such as strong comprehensive
performance, safe performance and color stability [6].

(Wu et al., 2014) analyzed the influence of colored
pavements on color durability. The test results showed
that increasing the adhesion between colored binders
and aggregates could improve the color retention [7].
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In New York City colored pavements were
implemented by red epoxy street paints and they found
that epoxy paint was the most durable solution while
hot mixed asphalt (HMA)-based micro surfaces were
promising [8].

(Lee & Kim, 2007) studied the effect of using
colored synthetic binders of HMA used in bus lanes in
Seoul, South Korea. Laboratory test results showed
that the designed overlay was of higher strength and
lower moisture susceptibility than traditional HMA
mixtures [9].

2. Materials
2.1 Asphalt cement

Neat bitumen (AC 40-50) brought from al Doura
refinery was used. The physical properties according
to ASTM requitement and State Corporation for
Roads and Bridges (SCRB, R9) [9] are shown in Table
1) [11] to [17].
2.2 Aggregate

The used aggregates in laboratory work is crushed
quartz from Al-Nibaie quarry which is commonly used
for asphalt in Baghdad city. Chemical
composition and Physical properties of used aggregate
are shown in Tables (2) and (3) [18] to [24].

mixes

Table (1): Properties of Asphalt Cement, according
to ASTM Requirement and Iraqi specifications

Penetration Grade 40/50
Test De/sA}SIall\:lion Units Test SCRB
9 Results | Specification
penetration D-5 1/10 44 40-50
mm
0.56
R_otatlonal D-4402 Passe | @135°C |
viscometer c 0.19
@165°C

ductility D-113 cm >100 >100
Flash point D-92 °C 275 Min.232

Specific

gravity D-70 1.049 | ...
Softening D-36 °c 51|

point
Residue from thin film oven test, D-1754
%

Retained D-5 V101 674 > 5%
penetration mm
of original

Mass loss D-1754 % 0.38 <0.75
Ductility | 5 193 cm 45 >25
of residue
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Table (2): Chemical Composition of Al-Nibaee

(National Centet for Construction Laboratoties and

Reseatches)
Chemical compound Content%
Silica, SiO» 84.73
Lime, CaO 3.37
Magnwasia, MgO 0.53
Sulphuric Anhydride, SO 2.9
Alumina, AlIO 0.62
Ferric Oxide, FeO 0.58
Loss on Ignition 6.25
Total 98.98
Mineral Composition
Quartz 81.2
Calcite 10.02
Table (3): Physical Properties of Al-Nibaie
Aggregate
. . Test SCRB
No Laboratory test Designation Results | Limits
coarse aggregate
% fractured B
1 particles ASTM D-5821 97 90 Min
(Angularity %)
Fine aggregate .
2 angularity, % T-304 61 45 Min.
Percent flat and
3 elongated ASTM D-4791 16 10 Max.
Particles, %
Clay content by
4 Sand T-176 51 45 Min.
equivalent,%
Toughness, by (Los
5 Angeles T-96 15.28 | 30 Max.
abrasion), %
Soundness loss by
6 sodium sulfate T-104 2.46 12 Max.
solution,%
Deleterious
7 materials, % T-112 0.5 3 Max.

2.4 Filler

The filler used in this work are limestone dust brought
from the lime factory in Karbala’ governorate, and a synthetic
red pigment known as metal oxide (x-Fe,03) which is
inorganic substance obtained from Hamurabi asphalt factory.
Figure (1) shows the filler types (Iron oxide III and
limestone) used in this research. The physical properties of
the used lime filler are presented in Table (4), while the
physical and chemical properties of red pigment are

presented in Table 5

..4‘ ]
Figure (1): filler type used in this search left: Iron
oxide III, right: limestone

Table (4): Physical Properties of limestone Filler

Property Test result
Specific gravity 2.73
% passing sieve No.200 98
Specific surface area 307.3
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Table (5): physical and Chemical Properties of red
pigment (https://byjus.com/chemistry/iron-oxide/)

Physical state Solid, powder
color Red brown
Density 5.24 g/cm3
Solubility Insoluble in water,
soluble in strong acid

3. Job mix formula

Marshall mix design method was conducted to
produce three blend coarse, mid and fine. The job mix
formula is selected within (SCRB, R9) limits as shown
in Figure (2). Three percent of filler were used 6%, 8%,
and 10% for both limestone and iron oxide for each
blend.
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Figure (2): Design job mix formula with SCRB
limits

4- Mixing and Compaction Temperature

According to (ASTM-D6927) [26], the mixing
temperature is corresponding to viscosity of 0.17£0.02
while the compaction temperature is corresponding to
viscosity of and 0.28%0.03 Pascal-seconds (Pa-s) .The
Rotational Viscometer (RV) has utilized to determine
the viscosity of asphalt binder to ensure that the binder
is sufficiently fluid (workable) at construction
temperatures. As shown in Figure (3) Brookfield
Rheometer which is frequently used to measure
viscosity at two temperatures (135°C and 165°C).
Based on Brookfield Rheometer test, the mixing
temperature range was (160°C to 163°C) and the
compaction temperature range was (152°C to 156°C)
for the used asphalt binder as shown in Figure (4)

Figure (3): Viscosity test of binder by Brookfield
rheometer
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Figure (4): Relation between the number of blows
and air void percentage

5. Marshall Mix design and Optimum

Binder Content Determination

After the samples are prepared (144 samples) as
shown in Figure (5) and mixed properly for each type
of blend and filler percent, an average of two
specimens are prepared at each asphalt binder content
for determining the optimum asphalt content. The trial
binder contents for the mix design are 4.5% AC, 5%
AC, 5.5% AC and 6% AC for all the three blend types.
The bulk specific gravity of each sample is computed
according to (AASHTO T166-18) [25]. The specimens
are compacted by compaction hammer and tested by
compression testing machine according to Marshall
Method (ASTM-D6927) [26]. The average of binder
contents that produce highest stability and specific
gravity and gives 4% air void of particular sample of
the mixture is considered as the optimum binder
content that SCRB have recommended. Also, the
maximum theoretical specific gravity at the estimated
binder content is predicted by two specimens
according to (AASHTO T 209-20) [27]. The
methodology of this work can be represented in Figure

Figure (5): Conventional and colored HMA of
Marshall specimens
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Checking the stability and flow of each blend
using Marshall stability test

T

| Determining the optimum binder content of I

each blend

T

Determining the volumetric properties of each ’

blend

Figure (6): Methodology of presented work

6. Volumetric properties analysis and
results

After Marshall stability test is accomplished for
each specimen, and optimum binder content is
determined, the volumetric properties can be
computed. The results of Marshall Stability, flow and
volumettic properties are shown in Table (6).

Table (6): Marshall Stability , Flow and Volumettic
Properties of mixtures at optimum binder content
using neat bitumen

Optimum
Mix | Filler | Filler| 1. 4. | Stability Gmb(gm/cm3) | VMA% | VFA% Flow
type % | type content (KN) (mm)
%

6 | 1| 49 67 2241 16 | 4 |3

R* | 48 78 2275 1485 | 2 | 285

fEniN 1 | 51 78 126 1515 | 736 | 326
blend R 5 89 2295 11 | 718 | 3
w| L | 52 86 229 42 | 718 |34

R | 51 10 2326 4 | 714 | 33

¢ | L] 52 93 126 153 | 138 |35

R | 51 103 2293 1475 | 128 | 3

Md P T [ 53 10 138 us | 78 |35
blend R | 52 112 232 U3 | |2
w| L | 54 105 23 145 | 724 | 38

R | 53 121 2341 4 | 714 | 35

6 | L | 56 86 2281 149 | 731 | 36

R | 545 | 115 2306 U5 | 724 | 345

Fime T T [ 565 | w3 | 23m | W7 | 726 | 3%
hlend R | 55 123 236 43 | 71 | 36
w| L | 57 117 2331 45 | 724 | 39

R | 56 133 138 14 | 714 |35

L* Using limestone as filler
R* Using iron oxide as filler

From the volumetric properties analysis, Marshall
stability and flow determination, it can be seen that the
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marshall stability of blends using iron oxide as filler is
more about (15% to 20% about 1.5 to 2 KN) than of
that using limestone dust as filler. This increment in
stability of mixtures using iron oxide related to the
increment in specific gravity of the mix (Gmb) by
(1.3% about 30 kg/m3). The flow of mixtures is
decreased about (5%) for mixes using iron oxide than
the ones that used limestone dust as filler. The
interruption of the increment in the density and
stability and the decrement in flow for the mixtures
using iron oxide that iron oxide leads to increase the
viscosity of the asphalt mastic and this obviously
noticed when the blend was mixed by hand because
the specific gravity of iron oxide is about 83% more
than limestone one . consequently, the stiffness of
mastic increased this effect is similar to the effect of
polymer (SBS) in HMA.

At 4% design air void, the Optimum Binder
Content(O.B.C) of coarse mix was 4.8%, 4.9%, 5% for
a filler (iron oxide) 6, 8,10% respectively and 4.9%
5.1%, 5.2% for a filler (limestone) 6,8,10%
respectively.

For mid mix the O.B.C was 5.1% , 5.2%, 5.3% for
a filler (iron oxide) 6,8,10% respectively and
5.2%,5.3%,5.4% for a filler (limestone) 6,8,10%
respectively.

For the fine mix mix the O.B.C was 5.45% , 5.5%,
5.6% for a filler (iron oxide) 6,8,10% respectively and
5.6% , 5.65% ,5.7% for a filler (limestone) 6,8,10%
respectively.

The specific gravity of mixture (Gmb) is increaesd
using iron oxide, hence, the (Gmm) is increased also
by the same amount. this an indication that mixtures
with void
Consequently, less optimum binder content is needed.

From the volumetric properties analysis the o.b.c
for mixtures using iron oxide were less about 2% than
mixtures using limestone.

The Voids in mineral aggregate (VMA) is
decreased about (1-2%) in mixutres using iron oxide
than the ones used limestone as filler, this because the
densification of mixture leads to decrease the VMA.
Hence, the voids filled with asphalt is decreased as the
designed air void is constant. Figure (7) shows a
calculation sample of marshall test and volumetric
properties analysis.

iron oxide have less air content.
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Figure (7): (a) Marshall Stability, (b) Density, (c) Air
void% (d) Voids in Mineral Aggregate, (e) Voids Filled
with Asphalt (f) Flow

7. Conclusion

1- The results of Marshall stability, flow and
volumetric properties analysis showed that using iron
oxide as filler improves the stability of HMA but
decrease the flow of mixture due to the stiffening
effect for the combination of iron oxide with asphalt
make a stronger asphalt mastic in opposite to blends
using limestone dust.

2- The increment in iron oxide content from 6% to
10% increases the stability about 28%, 17%, 16% for
the coarse, mid and fine mixtures respectively.
Moreover; the specific gravity of each mix (Gmb) was
increased by (1.3% to 1.5% about 30 to 50 kg/m3).

3- It is noted that the optimum binder content of
mixture using iron oxide as filler is less than the one
using limestone dust by 5% and that is belonged to the
high viscos mastic formed due to the higher specific
gravity of iron oxide filler than the limestone one.
Consequently, the bulk specific gravity of mixture and
the theoretical maximum specific gravity of the mix is
increased. As a result, the air void content is decreased.
4- The VMA and VFA for mixtures using iron oxide
as filler are decreased as compared to the mixtures
using limestone dust as filler at the same binder
content but within the acceptable limits.

5- The VMA and VFA of mixtures using 6% and 8%
of iron oxide is 2% less than mixtures using limestone
dust at same filler content. But, increasing the iron
oxide to 10% leads to 1% decrement in VMA and
VFA.

6- The highest stability against plastic flow of 13.3 12.1
and 10 kN for fine, mid and coarse blends respectively
at 10% iron oxide content.
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