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ABSTRACT
Roadway performance can be improved through utilizing modified bitumens and/or modified
bituminous mixtures within the structure. Regarding this view, Kaolin-containing-Organic
Additive Material (K-c-OAM) has been synthesized chemically in the study. K-c-OAM is a
new additive material obtained in laboratory conditions with the reaction of kaolin, a kind of
clay, and ethylene glycol. 50/70 penetration grade neat bitumen has been modified by K-c-
OAM in concentrations ranging from 1 % to 4 %. The effects of K-c-OAM on both bitumen
and bituminous mixture properties have been investigated by experiments including rotational
viscosity, penetration, softening point, ductility, Nicholson stripping and Marshall tests.

Marshall Stability values of the bituminous mixtures have been found to be increased at a level
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varying between 6.4 % and 9.5 % by K-c-OAM modified bitumens. In areas where hot climate
is not dominant, K-c-OAM modified roadway pavements can said to provide better

performance according to the laboratory findings.

Keywords: Kaolin; Kaolin-containing-Organic Additive Material; Marshall Stability;

Modified bitumen; Stability/Flow

INTRODUCTION

Bitumen is a rheological material having colloidal properties. It is used as a binding
agent in flexible roadway pavements. It coats aggregate particles, holds them together and
provides flexibility to pavement structure. However, bitumen is highly influenced by
environmental effects depending on its structural characteristics which can lead to undesired
roadway pavement distresses. When bitumen or bituminous structures are exposed to a load,
temperature has also great importance on deformations beside the magnitude and application
period of that load. Moisture has negative effect on pavement strength as breaking adhesion at
bitumen-aggregate interface. Oxygen and high temperature cause bitumen loose its properties
over time which is known as ageing. Bitumen also plays a role on the fatigue life of pavement

and its ductile property is effective against crack formations.

Having direct relationship with the strength of the roadway pavement, bitumen
properties are trying to be improved by several additives. Clays draw attention among them.
Clays with nano size (nano-clays) are used more often in order to make modification more
effective. In studies carried out with nano-clay, higher rutting resistant parameters were

obtained with nano-clay modified bitumens (Bagersad et al., 2019, Ashish and Singh, 2018).
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Fatigue life was increased by adding nano-clay into bitumen (Akbari and Modarres, 2018).
Montmorillonite, most common type of clay used to modifiy bitumen, was found to improve
high temperature property but weaken low temperature property of bitumen (Jia et al., 2019).
Similarly, viscosity of bitumen and its resistance to permanent deformation were increased by
organo-functionalised montmorillonite nanoclay materials (Bagshaw et al., 2019). Unlike Jia et
al. (2019), montmorillonite was said to improve low temperature performance of bitumen
(Sedaghat et al., 2020). Nano-clay was found to enhance storage stability of SBS modified
bitumen (Leng et al., 2019) and higher resistance against rut formation was observed in
nanoclay modified mixtures compared to conventional mixtures (Carlesso et al., 2019). In a
study where kaolin clay was added to the bitumen as a filler, higher viscosity, softening point
and penetration index were obtained, but its effect on bituminous mixtures was not studied
(Lebedev and Kozhukhova, 2018). Kaolin was used as aggregate replacement, rather than being
an additive, which resulted to decrease density and void filled with bitumen ratio and increase
stability of bituminous mixtures (Ingunza et al., 2013). Studies about effects of kaolin clay on
bitumen and bituminous mixtures are not wide enough in literature and still need to be
investigated. In this study, a new modifier, which we call organic additive material containing
kaolin clay (K-c-OAM) has been synthesized chemically at laboratory conditions and used to
modify a neat bitumen of 50/70 penetration grade with ‘wet process’. In literature studies, clay
was added as disperse. In that study, kaolin content was bonded to ethylene glycol chemically
by means of H.SO4. An organo-compound (K-c-OAM) was prepared with kaolin and ethylene
glycol. It is aimed to investigate the effects of K-c-OAM on bitumen properties by rotational
viscosity, penetration, softening point, ductility tests. Penetration index values of neat and
modified bitumen samples are also calculated and compared. The variations that K-c-OAM
creates on the mechanical characteristics of bituminous mixtures are evaluated through

Nicholson stripping and Marshall tests.
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MATERIALS AND METHODS

Bitumen and aggregate

Bitumen with 50/70 penetration is frequently used in roadway pavements according to

the climatic conditions of Turkey. Thus, 50/70 penetration grade neat bitumen has been used in

the study. It has been supplied from Kirikkale refinery of Turkey and its properties have been

given in Table 1.

Table 1. Properties of 50/70 penetration grade neat bitumen

Property Value
Penetration (25°C, 100 g, 55) 52 dmm (0,1 mm)
Softening point 50°C

Viscosity, @130°C 0.40 Pa.s
Viscosity, @140°C 0.24 Pa.s

Specific gravity, 25°C 1.04

Bituminous mixtures have been prepared with basalt aggregate for Marshall Design and
Nicholson stripping tests. Aggregate has been supplied from Ankara/Kizilcahamam quarry.
Specific gravity values for the aggregate portions and aggregate gradation used in Marshall

samples have been shown in Tables 2 and 3, respectively.

Table 2. Specific gravity values for the aggregate fractions.

| Coarse Aggregate Fine Aggregate Filler

Bulk Specific Gravity 2.678 2.770 -
Apparent Specific Gravity 2.709 2.790 2.838
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Table 3. Aggregate gradation used in Marshall Samples.

Sieve No. |3/4" 1/2" 3/8" No.4 No0.10 No.40 No.80 No0.200
% Passing | 100 915 80 475 315 15 105 7

Additive material

K-c-OAM was synthesized in laboratory with the reaction of ethylene glycol and kaolin
at 120°C. Ethylene glycol was bought from Merck and its purity is > 99 %. Its wholesale price
ranges from 0.59 to 0.79 $/kg. Ethylene glycol and bitumen are compatible with each other in
terms of their physical properties. Ethylene glycol expands performance temperature range of
bitumen. Ethylene glycol is expected to increase flexibility and reduce brittleness of bitumen.
Therefore, it has been preferred in the production of the additive. Kaolin (Figure 1a) is a kind
of clay obtained from granite rocks. It is a kind of cheap material and has only energy
consumption related to the separation of the rock into clay dimensions as a cost. Its retail price
is 0.35 $/kg in Turkey. For one tonne of modified bitumen containing 3% K-c-OAM, the
additive costs around $17 ($3,94 from kaolin, $12.94 from ethylene glycol). Particle size
distribution of kaolin was given in Figure 1c. Sulfuric acid (H2SO4) was used as a catalyst in
the reaction. Steps of the additive production are as follows: Ethylene glycol was put into the
reactor and started to heat. Immediately after, 0.75 ml H.SO4 was added to glycol and mixed
with a magnetic stirrer. At 80°C, kaolin was added to the reactor by degrees. Ethylene glycol-
to-kaolin mass ratio was 5:3. Stirring was continued for 30 mins after the temperature reached
to 120°C. At the end of the process; additive material, K-c-OAM (Figure 1b), was cooled to
ambient temperature and kept hermetically into a jar.

...........
o

Figure 1. Kaolin to K-c-OAM; (a) Kaolin, (b) K-c-OAM, (c) Particle size distribution of kaolin
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Preparation of modified bitumens

Modified bitumens have been obtained by blending neat bitumen and K-c-OAM for 20
mins at 120°C by a mechanical mixer rotating with 1300 rpm. First, neat bitumen has been
heated homogeneously in an oven at 120°C then the following K-c-OAM ratios (by weight of
neat bitumen) have been added separately: 1%, 2%, 3%, 4% wt. Blending has been performed

in an oil bath of 120°C in order to maintain mixing temperature during that process.
Methods

Brookfield DV 111 Rheometer with spindle no. 29 has been used to perform the rotational
viscosity tests on the neat and K-c-OAM modified bitumen samples according to ASTM D-
4402. Penetration, softening point and ductility measurements have been done in accordance
with ASTM D-5, ASTM D-36 and ASTM D-113, respectively. EL46-4502 model ring and ball
apparatus has been used in softening point tests. Ductility tests have been carried out at 15°C.
With the penetration and softening point results, Eq.1 has been used to calculate the penetration
index values of the neat and modified bitumens.

Pl = 1952 — 500 * log(Penygoc) — 20 * SP
"~ 50 *log(Penysec) — SP — 120

(1)

where SP is the softening point of the bitumen sample (°C) and Penasec is the penetration of the
bitumen sample at 25°C (dmm).

Marshall (ASTM D1559) and Nicholson Stripping (ASTM D1664) tests have been used
to determine the effect of K-c-OAM modified bitumen on the mechanical properties of
bituminous mixtures. Marshall Test samples have been manufactured at 145°C with 1150 g
basalt aggregate. Each sample has been compacted by 75 blows on both side with Marshall
Compactor device (EL45-6600). Marshall design was made for wearing course. The adhesion

6
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force at the bitumen-aggregate interface has been evaluated with Nicholson stripping tests. The
coarse basalt aggregate (6.3-9.5 mm) has been coated with neat and K-c-OAM modified
bitumens separately at 110°C. After immersing the loose mixtures in distilled water at 60°C for
24 h, the stripping resistance of each mixture has been determined as the ratio of non-stripped

aggregate surface to total aggregate surface.

RESULTS AND DISCUSSION

Viscosity test results
The effects of K-c-OAM on the fluidity of bitumen have been examined by viscosity
tests. Rotational viscosity tests have been applied between 90-160°C for this purpose. Figure 2

shows the variation of viscosity with respect to K-c-OAM concentration.
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Figure 2. Variation of viscosity with respect to K-c-OAM concentration; a.) between 90°C and

110°C, b.) between 120°C and 140°C, c.) at 150°C and 160°C.

As seen in figures, viscosity of bitumen has been found to be decreased with the
increasing content of K-c-OAM. Lower viscosity in K-c-OAM modified bitumens may allow
plant temperature to be reduced during hot mix asphalt production, which leads to lower short
term aging of bitumen, reduced emissions and reduced energy consumption since lower

7
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viscosity positively affects bitumen workability (Arslan et al., 2013, Arslan et al., 2012a, Arslan
et al., 2012b). The temperature at which bitumen viscosity is obtained as 0.2 Pa.s is accepted
as the optimum plant temperature. According to this approach, optimum plant temperature has
been determined as 144.7°C with neat bitumen, while reduced to 141.4°C and 139.6°C with 3
% and 4 % K-c-OAM modified bitumens, respectively which may offer the opportunity to
provide somewhat above-mentioned benefits by K-c-OAM modified bitumen without claiming

that K-c-OAM is a Warm Mix Additive.

Penetration, softening point and ductility test results

Penetration, softening point, ductility measurements and penetration index (PI)

calculations are summarized in Table 4.

Table 4. Penetration, softening point, ductility and PI results of neat and K-c-OAM modified

bitumens.
K-c-OAM Penetration  Softening Ductility Pl
concentration (%) (dmm) point (°C) (cm)

0 52 50 +100° -1,116
1 54 50 +100? -1,029
2 56 49 +100° -1,120
3 59 48.5 +100° -1,208
4 61 48 +100° -1,262

2 +100 means sample has not been broken in the test

Penetration is increased and softening point is decreased with K-c-OAM as expected
(Table 4). Higher penetration and lower softening point caused PI to be decreased (except 1 %
K-c-OAM modified bitumen), but not too much. The effect of K-c-OAM on the ductility could
not be determined due to the test device limitations but all samples have been found to fulfill

specification requirement by not breaking during the test.
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Nicholson stripping test results

Nicholson stripping test is performed to evaluate the effect of K-c-OAM on the adhesion
between bitumen and aggregate. According to the Nicholson stripping test results (Figure 3),
adhesion force at the bitumen-aggregate interface is improved by using K-c-OAM modified
bitumen. Stripping resistance have been found to be 95 % with neat bitumen, while 100 % with
all K-c-OAM modified bitumens. In literature, such as K-c-OAM, organic-based calcium and
manganese compounds, which cause a decrease in viscosity, increased stripping resistance, as

well (Arslan et al., 2013, Arslan et al., 2012a, Arslan et al., 2014, Cubuk et al., 2013).

@)

Figure 3. Nicholson stripping test results; (a) with neat bitumen, (b) with 1 % K-c-OAM
modified bitumen, (c) with 2 % K-c-OAM modified bitumen, (d) with 3 % K-c-
OAM modified bitumen.

Marshall test results
Stability values obtained from Marshall Tests are given in Figure 4. No significant
change has been observed with neat and modified bitumens at low bitumen contents (4 % and
4.5 %). But, stability has been increased by K-c-OAM modified bitumens at higher bitumen
contents (5 % and 5.5 %). Due to the viscosity decrease with K-c-OAM, more absorption will
occur and thus, adhesion will be improved. The variation of air void ratios (Va) of samples
depending on the bitumen content are shown in Figure 5. According to the Figure 5, optimum

bitumen content, corresponding to Va of 4 %, for neat and modified bitumens are determined
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as 5.4 % for neat bitumen, 5.46 %, 5.48 % and 5.37 % for 1 %, 2% and 3 % K-c-OAM modified
bitumens, respectively. So, using of original or modified bitumen did not produce a significant
change in the optimum bitumen content for Marshall samples, whereas, stability at the optimum
binder contents were predicted to be increased by 6.4-9.5 % with K-c-OAM modified bitumens
(Figures 4-5). Since optimum bitumen rate will be used in the applications, K-c-OAM modified

bitumens can be said to provide improvement on the stability of samples.
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Fig. 4. Stability values of Marshall samples Fig. 5. Change in Va of Marshall samples
obtained by using neat and K-c-OAM depending on bitumen content.

modified bitumens.

As seen in Figure 6, flow trends of Marshall Samples appear to have irregularities. This
IS an issue that may arise from that test. Referring to Figure 7, where stability and flow
parameters are evaluated together, it can be understood that the irregularities in the flow trends
do not disturb the increase in stability obtained with modified bitumens. By adding flow effect
to stability variable, improvements have also been achieved with K-c-OAM modified bitumens
according to the criterion used as “stability / flow” which is evaluated as permanent deformation
resistance parameter in previous studies (Morova et al., 2016). Higher parameter value is
associated with higher resistance against permanent deformations like rutting, corrugation, etc.

(Karakas et al., 2014).

10



Journal of Engg. Research Online First Article

= Nl e e | KD AN o e

e 10 B0V pdifiag Bimen el 3 3 E-c0AN e Hinmen

Stabiliy ¢ Flow (kgdmon)

Fig. 6. Change in flow values of Marshall Fig. 7. Stability/ Flow parameters of Marshall
samples depending on bitumen content. samples.
CONCLUSION

In this study, a new organic additive material containing kaolin, K-c-OAM, is
synthesized chemically and is used to modify neat bitumen of 50/70 penetration grade. The
differentiations on bitumen and bituminous mixture characteristics arisen from that
modification process are summarized as follows;

e Viscosity of neat bitumen is found to be decreased with increasing content of K-c-OAM,
which may allow plant temperature to be reduced (around 5°C) during hot mix asphalt
production. Thus, short-term aging of bitumen, emissions and energy consumption can be
reduced somewhat with K-c-OAM modified bitumen.

e Penetration has been increased and softening point has been decreased by K-c-OAM
modified bitumen. No adverse effect on the ductility is observed. According to the
penetration and softening point results, Pl is decreased but not too much.

¢ Nicholson stripping test has shown that adhesion force at the bitumen-aggregate interface is

strengthened by K-c-OAM modified bitumen.

11
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¢ No significant changes have been observed between neat and K-c-OAM modified bitumens
in terms of optimum bitumen content (They are almost at the same level). However, K-c-
OAM modified bitumens have been found to provide additional stability between 6.4-9.5 %
in Marshall samples at the optimum bitumen content.

e Higher stability/flow values have been obtained in Marshall samples prepared with K-c-
OAM modified bitumens.

e Lower modification parameters of K-c-OAM, 120°C and 20 mins, are the other advantages
of that additive material during modification process.

In areas where hot climate is not dominant, K-c-OAM modified roadway pavements can

provide better performance due to improved mechanical characteristics especially on sections

with high traffic volume, at bus stations and at-grade roadway intersections where acceleration

and deceleration activities generally take place.

ABBREVIATIONS and SYMBOLS

H2S04 Sulfuric acid

K-c-OAM Kaolin-containing-Organic Additive Material

Penasec Penetration of the bitumen sample at 25°C
Pl Peneration index

SP Softening point

Va Air void ratio

12
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