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Abstract

Organic additives, i.e., fatty acid amide compounds, are typically used to reduce the viscosity of asphalt
mixture at high-temperatures working operation. Present work focuses on preparing fatty acid amide from
waste cooking oil and its characterization as an additive for bitumen. The role of synthesized fatty acid amide
as an additive for bitumen was tested on the bitumen 60/70 penetration grade sample. The fatty acid amide
was synthesized and characterized by FT-IR and NMR spectroscopy. It showed that the fatty acid amide was
successfully prepared from the waste cooking oil due to the presence of the characteristic functional groups.
The binders made from fatty acid amide and bitumen with different content of fatty acid amide were prepared
and tested. It demonstrated that the kinetic viscosity of the binder reduced by 23 % at 0.7 wt% additive
concentration at 140 °C . Moreover, the penetration and softening point of the binder was also improved, which

enhance the binder's physical properties when used at target temperatures.
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1. Introduction

Asphalt mixing is the most common process in
the construction industry. It is the process of mixing
adhesive and aggregates. There are three standard
asphalt mixing techniques: Hot Asphalt Concrete —
Hot Mix Asphalt (HMA), warm Asphalt concrete —
Warm Mix Asphalt (WMA), and cold Asphalt
Concrete — Cold Mix Asphalt (CMA) [1]. HMA
technology requires large energy consumption for
transportation, causing emissions of hydrocarbon
pollution, directly affecting the health of workers and
operations, while, WMA technology allows the asphalt
mixture to operate stably, with good physical
properties, reducing construction time and creating a
safe working environment for workers. The emission
reduction, smog, and smell also allow the asphalt
production station and the mixture of asphalt materials
to be placed near the construction area, reducing the
shipping distance, avoiding traffic jams and reducing
the cost of transportation.

HMA is a high-temperature mixing process of
155-165 °C. It leads to the use of more heat-burning
and adversely affects the environment [2]. WMA was
produced at a lower temperature than the HMA
mixture from about 28-45 °C, with the technical
specification is equivalent to HMA. WMA technology
is one of the critical solutions contributing to the global
warming depreciation and the construction and
maintenance of roads in many countries worldwide
[3,4]. The announcement showed that the exhaust
emissions by HMA contain polycyclic aromatic
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hydrocarbons (PAH) and some substances that
adversely affect reproductive health and the likelihood
of carcinogenic. With WMA technology, the toxic gas
is reduced by 50 % compared to the HMA technology.
Furthermore, the energy consumption of WMA
technology is 60 % compared to the HMA.

So far, WMA technology can be classified into
three main categories: (1) foam generation technology,
in which the foaming caused by water is put into the
asphalt concrete mixture during mixing, (2) organic
additives which reduces the viscosity of asphalt binder
(3) chemical additives which create coatings aimed at
reducing the surface tension of the aggregate [5].

A long chain of hydrocarbon atoms usually forms
organic additives, and it can reduce the viscosity of the
asphalt binder when it is heated to its melting point.
Organic additives have a long carbon chain larger than
C45. The longer the carbon chain, the higher the
melting point [6]. Currently, there are several types of
organic additives used in WMA technology, such as
Fischer-Tropsch Wax [7, 8], Montan Wax [2, 9].

Waste cooking oil, a by-product from cooking
and frying activities, could be used as a good
rejuvenator since it contains lighter oil fractions
similar to asphalt. Every year, a lot of waste cooling
oil is generated. Waste cooking oil disposal is a
primary concern since it may cause environmental and
municipal problems. Thus, recycling waste cooking oil
in asphalt binder may be helpful for sustainable
development [10-13].

The study aimed to evaluate the effect of organic
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additives on the properties of the binder, in which the
organic additive was synthesized from waste cooking
oil. For this purpose, a grade 60/70 bitumen from Shell
was characterized before and after adding additives.

2. Experiment
2.1. Materials

Waste cooking oil used in this work is waste
sunflower oil (SO). Acid sulfuric, methanol, toluene,
acetone, diethyl amine, NaOH and CaO were
analytical grade.

In this study a population bitumen produced from
Shell with 60/70 penetration was selected. The
properties of the bitumen was evaluated to understand
its behavior and susceptibility to modification. The
original properties values of the bitumen grade are
used as control.

2.2. Synthesis of Fatty Acid Amide Additive

The additive, a fatty acid amide (FAA), was
synthesized from waste cooking oil following by
procedure shown in Fig. 1. First, the waste SO was
pretreated by filteration to remove the sediment. After
that, it was mixed with methanol (1:1 volume ratio).
KOH was then added into the mixture with the
percentage of 2 wt% of the total weight. The reaction
was under reflux for 12 hours at 60 °C. After
completion, the mixture was separated into two layers.

Methanol and wasted cooking oil
(1:1 wiv) + 2 wit% H.SO,

Reaction on 65 °C |
12 h, 300 rpm

Mixture

Liquid separation to
remove glycerin

r

FAME layer

1) Rinse with acid
2) Water separation

r

FAME

The product was recovered by extraction to remove the
glycerin layer. Next, the excess of H,SO4 was washed
until it was removed entirely. The obtained fatty acid
methyl ester (FAME) was dried at 80 °C.

To prepare FAA, the as-prepared FAME was
allowed to react with diethyl amine in the presence of
a CaO as a catalyst [14]. Next, the FAME and diethyl
amine were added into a reaction vessel in the presence
of the appropriate amount of NaOH/CaO catalyst
(2 wt% of the total weight). The reaction was carried
out for 1.5 hours at 110 °C. After that, the product in
liquid form was separated from the catalyst and
washed by recrystallization in toluene/acetone solvent
(7:3 volume ratios) at 5 °C. Finally, the product was
purified by centrifugation to obtain the pure product,
called fatty acid amide (FAA). The FAA, then, was
used as an additive to prepare various blends with a
bitumen 60/70 penetration grade at different
concentrations.

The synthesized FAA, FAME were characterized
with FT-IR (JASCO 4600) to identify the functional
groups. The measurements were carried out at room
temperature, from 400 to 4000 cm™!, with a resolution
of 4 cm’'. The product, FAME, was further
characterized by solid-state NMR spectroscopy (JNM
400 MHz FT-NMR, JEOL) to verify the chemical
structure. The solid-state NMR was performed with a
CP/MAS probe at a spinning rate of 6 kHz. The
number of scans is 1000.

FAME + diethyl amine + 2 wt%
NaQH/Cao as catalyst

Reaction on 110 °C,
1.5 h, 300 rpm

Mixture

1) Filter and rinse

2) Recrystallization in
acetone: toluene solvent
(7:3 by ratio) at 5 °C

3) Separation by
centrifugation

3

FAA

Fig. 1. Synthesis procedure of FAA from waste cooking oil
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2.3. Characterization
Bitumen/Additive Blends

of  Bitumen and

Bitumen/additive blends were prepared with the
following procedure. The bitumen was pre-heated to
form the liquid phase at 120 °C in a glass cup. The
additive was added into the bitumen liquid at 150 °C
with different concentrations (0.1; 0.2; 0.5; 1; 1.2; 1.5;
2 wt%) under continuous stirring (300 rpm) at constant
temperature (150 °C). The mixing was carried out at
different stirring times, such as 15, 30, 45, 60, to
120 mins.

The  characteristics of  bitumen  and
bitumen/additive mixtures were assessed by following
the standard tests. First, the needle penetration test was
performed according to D5-20. Next, the softening
point (ring and ball method) was determined following
ASTM E28-18. Finally, the kinetic viscosity was
measured following ASTM 2170-18 using Canon-
350-456A viscometer.

3. Result and Discussion
3.1. FTIR Analysis of Synthesized FAA

Fig. 2 illustrates the image of the synthesized
FAA from waste cooking oil. It could be seen that the

FAA is a pale yellow solid, which is distinguished
from the liquid form of waste cooking oil. That means
the successful conversion of the waste cooking oil to
FAA. FTIR spectra are used to identify the functional
groups in the FAA during the preparation.

Fig. 3 shows FTIR spectrum for FAME and
FAA. In the spectrum, there are several peaks appeared
for both FAME and FAA.

In the IR spectrum of FAA, the peak vibrated at
1639 cm! corresponds to C=0 (amide band)
functional groups present in the amide structure. In the
IR spectrum of FAME and compared to the IR
spectrum of FAA, the peak located at 1742 ¢cm! that
denoted the C=O stretching vibration of the ester
functional group has completely disappeared and been
replaced by a vibration signal at 1639 cm™'. The shift
from the peak at 1742 cm™ to the peak at 1639 cm’!
peak was similar to that reported in the previous work
[11]. It is confirmed that FAA was successfully
synthesized from FAME. The additional vibration
peak at 3308 cm™! indicated the stretching vibrations of
N-H linkage. This may be due to the presence of
residual diethyl amine.

Fig. 2. Image of the synthesized fatty acid methyl ester (FAME) and fatty acid amide (FAA)

FAME

T%

3308 cm?

v

1742 cm?

1640 cm?

2200 1600 1000 400

Wave number {cm)

Fig. 3. FTIR spectra of fatty acid amide (FAA) and fatty acid methyl ester (FAME)
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Fig. 4. 3C-NMR CP/MAS of FAA

Table 1. Softening points and penetration for mixtures of bitumen 60/70 and FAA additive

Additive concentration

Softening points

Penetration (1/10 mm)/A

(wt%) (0 (%)

0 47 61
0.1 47 61/0
0.2 48 58.7/3.7
0.3 53 52.3/14.2
0.5 57 49.3/19.1
0.7 58 48.2/20.1

1 59 47.8/21.6

3.2. NMR Analysis of Synthesized FAA

The structural characteristic of the fatty acid
amide functional groups was further investigated by
using an NMR solid-state. Fig. 4 shows '*C-NMR
CP/MAS spectra for FAA. The signals correspond to
methylene carbons in the long alkyl chain of fatty acid
appeared at around 22-34 ppm (aliphatic methylene
carbons, -CH»-). The two signals at 16 and 41 ppm
were assigned to the methyl and methylene carbons
linked to C=C bonds, respectively. Also, the signals at
129 and 130 ppm belong to methine (=CH) and
quaternary (=C-) carbon atoms of the C=C bond [12].
These results suggested FAA contains unsaturated
fatty acid. The *C-signal that appeared at 61 ppm may
be assigned to carbon atom linking to -OH group,
derived from the ring opening of epoxidized C=C
groups. The *C-signal at 175 ppm was given to the
carbon atom of C=0O (amide) [11]. The signal at 181-
186 ppm may be assigned to the carbon atom of the
residual carboxyl group of fatty acids. These
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assignments gave more precise evidence about the
structure of FAA, which was synthesized from FAME.

3.3. Characterization of Synthesized FAA as Additive
for Asphalt Binder

3.3.1. Effect of additive concentrations

Table 1 shows the softening points and needle
penetration for bitumen/FAA additive blends at
different additive concentrations. The result shows that
the penetration of samples decreased when increasing
additive concentration. In contrast, the softening point
of the blends slightly increased with an increase in the
concentration of additives. Since the softening point
value gives the critical information for the binder at
summertime and characterizes the temperature at
which the bitumen starts flowing. Therefore, the
increase in the softening point suggests the modified
bitumen could work at the high-temperature condition.
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Viscosity is a property that is used to characterize
the shear resistance of the binder with an external force
and a specified rotation using a viscometer. Fig. 5
shows the effect of temperature on the kinetic viscosity
of the binder at different additive concentrations. As
can be seen, there is a decrease in the binder viscosity

concentrations. At each temperature, the binder kinetic
viscosity also decreased as concentration increased
from 0 to 1.5 wt%. At 145 °C, there are a slight
decrease and difference in the binder viscosity of all
the samples. Meaning that, at a temperature higher
than 145 °C, the effect of additive concentration in

with the temperature at all studied additive decreasing the binder viscosity is not so significant.
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Fig. 5. Effect of temperature to kinetic viscosity at different additive concentrations
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Fig. 5 also illustrated the impact of additive
concentrations on the kinetic viscosity of the binders
at 135 °C. The binder viscosity decreased until the
additive concentration of 0.7 wt% reached constant
from 0.7 wt% to 1.5 wt%. Therefore, the suitable
concentration of the additive was 0.7 wt%. The
reduction of wviscosity at 0.7 wt% additive
concentration measured at 150 °C was about 38%
(from 370 cP to 230 cP). In previous work [15], the
viscosity was found to reduce about 22 % at 2 wt% of
oil additive measured at 150 °C. This result showed
that the FAA additive prepared in our work exhibited
a better effect on the viscosity reduction that was
observed for waste cooking oil additive in the
literatures [15,16]. The reduction of the asphalt
viscosity by adding FAA additive allows the asphalt to
attain a proper viscosity to coat the aggregate and
compact asphalt mixture at lower temperatures.

3.3.2. Effect of stirring time

The viscosity of the bitumen/additive mixture at
0.5 wt% at various temperatures at different stirring
times were measured to determine the optimum
stirring  time for the preparation of the
bitumen/additive mixture. The stirring times were
varied from 15, 30, 60, to 120 mins at 135-150 °C and
a stirring speed of 150 rpm. The results are shown in
Fig. 6. The other physical properties, such as
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penentration, softening points, are also determined to
determine the best stirring time.

Fig. 6 shows the effect of stirring time on the
kinetic viscosity of the bitumen/FAA additive at
various temperatures. It is seen that the viscosity of the
mixture decreased when increasing the stirring time
from 15 mins to 60 mins, and it was slowly decreased
when stirring time was prolonged to 120 mins.
Therefore, 60 mins was a suitable stirring time for
preparing the bitumen/FAA mixture to get the lowest
viscosity at all studied temperatures.

The effect of stirring time on the softening point
of the modified bitumen is illustrated in Fig. 7. The
softening point gradually decreased as increasing
stirring time, and it was almost constant from 60 mins
to 120 mins of stirring. Thus, it shows that the
appropriate stirring time is determined to be 60 mins.

Fig. 8 illustrates the change in penetration of the
bitumen at 0.5 wt% and 1.0 wt% additive
concentration with stirring time. The penetration of the
binders at 0.5 wt% and 1.0 wt% slightly increased at
stirring time from 15 to 60 mins. After that, it
constantly reached a stirring time of 120 mins. Hence,
the suitable stirring time is determined to be 60 mins
to get good penetration.
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Fig. 7. Effect of stirring times to softening point
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Fig. 8. Effect of stirring times to the needle penetration

4. Conclusion

This research studied the effect of FAA
synthesized from waste cooking oil as an additive for
bitumen 60/70 penetration grade. Several conventional
tests were used to evaluate the viscosity, penetration,
and softening point of the products. When the
concentration of additive increased, the softening point
slightly increased; however, the penetration decreased.
The other important parameter of the evaluation of
bitumen properties is viscosity. The FAA additives
changed the binder viscosity to lower values, primarily
to the original bitumen viscosity. In particular, the
binder viscosity is reduced by 23% at 140 °C with
0.7 wt% of additive. Thus, it concluded that the final
asphalt mixture's workability and properties could be
enhanced by the additives prepared from waste
products such as waste cooking oil.
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