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ABSTRACT

Several research studies have been conducted on bitumen modification using solid waste materials. However,
since textile waste contributes significantly to the formation of solid waste, more research is required on bitumen
modification using textile waste. This study tried to modify bitumen using Textile Pyrolysis Oil (TXPO) and
test its ageing properties. Pyrolysis oil was made by pyrolysing textile waste at 500°C. Textile Pyrolysis Oil
Modified Bitumen (TXPOMB) was made by adding 1, 2 and 3% TXPO by weight of the Viscosity Grade 30
(VG30) bitumen and mixing in a high shear mixer. The binders are subjected to short-term ageing using a rolling
thin film oven and long-term ageing using a pressure ageing vessel test in the laboratory. The effect of adding
TXPO to a base binder and their oxidation process were investigated using Fourier Transform Infrared (FTIR)
Spectroscopy. Chemical indices such as aromatic, aliphatic, carbonyl, and sulfoxide indices are calculated from
FTIR spectroscopy to evaluate the effect of ageing. It was seen that 2% TXPO modification enhances the base
binder’s ageing resistance in both short and long-term ageing conditions. This modification not only addresses
environmental concerns but also improves the performance and longevity of the bituminous materials.

Keywords: Fourier transform infrared spectroscopy; Textile pyrolysis oil; Textile pyro-oil modified bitumen;
Short-term ageing; Long-term ageing etc.

1. INTRODUCTION

Bitumen is a black, sticky material that binds aggregate in asphalt [ 1]. The mechanical and structural characteristics
of bitumen, including its strength, stiffness, and colloidal structure, are determined by its chemical makeup [2].
Characterising the mechanical properties of bitumen and bituminous mixture requires understanding the chemical
components found in bitumen. For the mechanistic study, bituminous binder is categorised as a viscoelastic
substance because of its high temperature, time, and rate-dependent physical characteristics, particularly its
reaction to applied stress or strain [3].

The bituminous binder undergoes two ageing processes. At first, it is exposed to short-term ageing
corresponding to mixing, transportation and compaction process; this ageing is simulated in the laboratory using
a Rolling Thin Film Oven (RTFO) test. After the paving process, binder is subjected to a service period in which
it is affected by environmental exposure and traffic loading throughout the in-service life of the pavement. The
ageing that occurs in this period is called long-term ageing, and it is simulated in the laboratory using a Pressure
Ageing Vessel (PAV) test. Bituminous binder is an organic compound that ages primarily through oxidation.
With ageing, a material’s viscoelastic behaviour shifts over time, becoming more brittle and stiffer. Recently,
Fourier transform infrared spectroscopy (FTIR) has been utilised more and more to study how bitumen’s
chemical structure is affected by oxidative ageing. Different sources of bitumen always produce the same sorts
of oxidation products, mostly sulfoxides and ketones [4]. For this reason, the ageing of bitumen has long been
determined by analysing the carbonyl and sulfoxide functional groups identified by infrared spectroscopy [5].
Typical FTIR spectra peaks and areas, such as sulfoxide, carbonyl, aliphatic, and aromatic, are typically identified
to assess the chemical variations in bitumen samples at various ageing stages [3]. Among these, the bitumen’s
physical and rheological characteristics are associated with the carbonyl and sulfoxide peaks appearing at
1700 cm™ and 1030 cm™, respectively, which have been effectively used to characterise the impact of ageing [6].
The chemical process of synthesising ketones is described by a shift from 1655 cm™ and carboxylic acids at
1730 cm™ towards ketones at 1700 cm™ [7]. It is difficult to detect changes in functional groups during the ageing
process because of the area shift caused by increased polarity and the overlap of spectral bands denoting distinct
functional groups [7, 8]. FTIR spectroscopy analysis validates the shifts in peak positions and different chemical
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compositions for a base and modified binders [9]. The benzyl carbon’s oxidation in side chains connected to a
highly concentrated aromatic ring structure forms the ketone functional group, making up most of the carbonyl
absorption zone in FTIR. Oxidation of sulfides results in sulfoxides. Usually, the light components of bitumen
contain aliphatic structures. As the binder ages, lighter components, volatiles, and aliphatic chains are converted
into aromatic rings [10]. The aromaticity index can assess the bitumen aromatisation. This process involves
aromatising alkyl-substituted naphthenic and perhydro-aromatic rings [11, 12]. As these changes also happen
prominently during the ageing of bituminous binders, aromatic and aliphatic indices are considered to evaluate
the ageing of the binder.

Oxidative ageing changes the chemical and physical properties of bitumen. The rheological and physical
properties of bitumen are greatly influenced by the chemical changes that occur as it ages. Bitumen stiffens
with less molecular flow as it ages, as evidenced by increased viscosity, complex modulus, and decreased phase
angle [13, 14]. Bituminous pavement performance deteriorates due to the stiffening effect, which increases
the pavement’s resistance to permanent deformation but decreases its ability to relax under environmental and
traffic loads. Characteristic FTIR spectra peaks and areas, such as carbonyl, sulfoxide, aliphatic, and aromatic,
are typically identified to assess the chemical changes in bitumen samples at various ageing stages [3].

It is a well-known practice to use modifiers in pavement construction to improve bitumen performance
[15]. Modifiers can enhance bitumen’s mechanical and physical qualities, like durability, flexibility, ageing, and
cracking resistance. Pyrolysis oil produced from waste materials is one such modifier that has shown potential
in bitumen modification [16-19]. The process of heating organic compounds without oxygen to disintegrate
them into smaller molecules is known as pyrolysis. KULKARNI and RANADIVE [20] examined the effect
of low-density polyethene (LDPE) pyrolysis oil on Viscosity Grade 10 (VG10) bitumen. They concluded
that modification of LDPE pyrolysis oil improves VG10 performance as a tack coat in bituminous pavement
construction. Similar research was done using High-Density Polyethylene (HDPE) pyrolysis oil as a modifier
in VG30 bitumen, and the moisture damage resistance of modified bitumen was evaluated. HDPE pyrolysis oil
enhances the effect of short-term ageing by improving the adhesion of modified binders compared to base binders
[19]. BHAGAT et al. [17] evaluated the chemical characteristics of HDPE pyrolysis oil-modified bitumen using
FTIR spectroscopy, where HDPE pyrolysis oil-modified binder increases the resistance to short-term ageing
of the binder. Bitumen can be strengthened by adding rubber, which absorbs the elastic qualities of rubber and
improves pavement quality [21].

Several research studies have been conducted on bitumen modification using solid waste materials,
such as plastics and rubber pyrolysis oil, as modifiers. According to a 2023 report by IDH, India produces
around 7,793 kilotons of textile waste annually, which is 8.5% of the world’s total [22]. Since textile waste
contributes significantly to the formation of solid waste, more research is required on reusing this textile waste
into bitumen modification. Reusing this textile waste for bitumen modification might lessen the environmental
effects of textile waste and the pavement sector. Also, the chemical composition of pyrolysis oil obtained from
different materials is different, which may affect the behaviour of their modified bitumen differently. This study
examines how the chemistry of textile pyrolysis oil-modified bitumen is affected by laboratory short- and long-
term ageing. Chemical functional groups in the preparation of modified bitumen were characterised using FTIR,
which also analysed the changes that occurred during short-term and long-term ageing.

2. MATERIALS AND METHODS

2.1. Materials

VG30 bitumen is used as base bitumen as it is widely used in India for road construction and maintenance,
primarily because of its excellent performance in the country’s hot and humid climatic conditions. Textile
pyrolysis oil is used as a modifier to prepare modified bitumen. Textile waste was collected from a local dumping
yard in the vicinity of Pune, Maharashtra, India; after cleaning and shredding, it was subjected to pyrolysis at
a temperature of 500°C [16, 23] using a pilot pyrolysis plant available at the transportation laboratory, Civil
Engineering Department, COEP Technological University, Pune, Maharashtra, India.

2.2, Laboratory testing

2.2.1. Preparation of modified binder

Textile Pyrolysis Oil (TXPO) was blended with a VG30 binder in doses of 1%, 2%, and 3% by weight of
the binder to investigate the impact of TXPO addition in a base binder. The selected percentage of TXPO
was decided based on the previous studies [16, 17, 19]. Textile pyrolysis oil-modified bitumen (TXPOMB) is
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prepared using an IKA- T25 homogeniser at about 3000 rpm for 15 min; after that, the speed was increased to
5000 rpm for 5 min at a temperature of about 150°C [16, 19, 24, 25]. The terms I TXPOMB, 2TXPOMB, and
3TXPOMB correspond to 1%, 2%, and 3% TXPO modifications.

2.2.2. Ageing of bituminous binder

The VG 30 and Textile pyrolysis oil-modified bitumen (TXPOMB) had been exposed to short—and long-term
ageing. An RTFO test was adopted for short-term ageing. It evaluates how susceptible binders are to ageing and
toughening over time when exposed to air and elevated temperatures. The ASTM D2872 was used to carry out
RTFO ageing [26]. Binders are short-term aged in RTFO at 163°C for 85 minutes.

These RTFO-aged samples are subjected to long-term ageing during the in-service life of bituminous
pavement in the field. A PAV test was adopted to assess the long-term ageing of a binder. This test used the
ASTM D6521 protocol [27], where binders are subjected to long-term ageing in PAV for 20 hours at 100°C
at a pressure of 2.1 MPa. PAV test is followed by the vacuum degassing oven (VDO) method, which includes
heating and vacuuming aged bitumen samples. This procedure eliminates any volatile substances that may have
been collected during the PAV test, accurately imitating the ageing of asphalt in the actual world. PAV-aged
binders are placed in the VDO for 30 mins at 170°C at an absolute pressure of 15 kPa.

2.2.3. Fourier transform infrared spectroscopy

FTIR technique detects chemical bonds in a molecule by producing an infrared absorption spectrum. It allows
the identification of chemical changes in samples during modification based on specific absorption peaks in the
FTIR spectra. During oxidation, bitumen molecular groups form bonds with oxygen in the atmosphere, and
the bitumen’s chemical makeup can change. Carbonyl, sulfoxide, aromatic, and aliphatic compounds are often
created during the chemical changes due to oxidative ageing [28]. Hence, peak areas below the corresponding
band were recorded from valley to valley at set wavenumbers of the resulting spectra to assess the changes of
particular functional groups affected by ageing [10].

Different bond indices are used to analyse the impact of short and long-term oxidative ageing on the base
and modified binders. Following equations (1), (2), (3), and (4) were used to determine the bond indices:

A
Carbonyl Index: [ = = —T0UCIRL (1)

>A

A
Sulfoxide Index: [ = ﬁ;ﬁ)’ﬂL ?)

A
Aromatic Index: 7, = —116()0;:5:;0’1640 3)

A

A4 1375 +7 71456

Aliphatic Index: I, = T 4)
Where,
A, ~band area around 1028 cm™' (i.e. From 980 cm™ to 1050 cm™);
A, —band area around 1600 cm™' (i.e. From 1525 cm™" to 1620 cm™);
A s T A, —band area around the peak at 1375 and 1456 cm';
A ., —band area around 1700 cm™ (i.e. From 1665 to 1721 cm™);
> A — sum of the total considered peak areas

All these considered peaks and their corresponding wavenumbers range are material dependent.
3. RESULTS AND DISCUSSION

3.1. Assessment of physical properties

Table 1 shows the physical properties of the VG30 and TXPOMB in unaged conditions. Three tests were
conducted on each sample for each test, and their average and corresponding standard deviation are tabulated
in Table 1.
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Table 1: Physical properties of VG30 and TXPOMB.

TEST VG 30 | 1ITXPOMB | 2TXPOMB | 3TXPOMB REFERENCE SPECIFIED
LIMITS
(IS 73: 2013)
Penetration at 25°C 50 53 56 60 IS 1203/ ASTM D5 Min 45
(1/10" of mm)
Standard Deviation 0.452 0.514 0.673 0.694
Kinematic Viscosity at 500 425 375 350 IS 1206 (3) Min 350
135°C (cSt)
Standard Deviation 0.511 0.456 0.568 0.681
Absolute viscosity at 2550 2625 2675 2750 IS 1206 (2) Min 2400
60°C (Poises)
Standard Deviation 0.347 0.376 0.423 0.459
Softening point (°C) 50 49 47.5 46 IS 1205/ ASTM D36 Min 47
Standard Deviation 0.392 0.423 0.516 0.578
RTFO Aged sample
Mass Change (%) 0 -0.361 -0.435 -0.572 AASHTO M 320 Max. 1
Ductility at 25°C (mm) 75 81 88 90 IS 1208/ ASTM D113 Min 40
Standard Deviation 0.404 0.457 0.515 0.596

Adding TXPO increases penetration and ductility while decreasing the viscosity and softening point of
base binder VG30. It results in reduced stiffness and increased binder workability with aggregates while mixing.
Also, the physical properties of unaged and aged binders are explained in detail by CHAUDHARI et al. [16].

3.2. Impact of TXPO modification on FTIR spectra

Figures 1 and 2 show the peaks corresponding to functional groups in FTIR spectra of VG 30 binder and textile
pyrolysis oil (TXPO), respectively. It has been observed that the spectra of TXPO and VG30 binder differ,
which may be mainly due to the diverse chemical compositions of both materials. According to Figures 1 and 2,
the primary peaks for VG30 binder were found at 2920 to 2850 cm™ (CH,), 1665 to 1721 cm™ (C = O),
1600 cm™' (C = C), 1456 cm™' (CH, bend), 1373 cm™ (CH, bend), 1028 cm™ (S = O) and 652 to 895 cm™'
(C-H bend). Additional peaks were observed in the TXPO spectra at 3030 and 3065 cm™ (O-H) and 1267 and
1152 cm™ (C-0).

The peaks at 1153 and 1267 cm™! indicate ethers and esters in textile pyrolysis oil, and alcohol func-
tionalities are represented by the peaks at 3030 and 3065 cm™. For comparative purposes, the FTIR spectra of
VG30 and TXPOMB are shown in Figure 3. I TXPOMB is considered for comparison, and TXPOMB exhibited
similar spectra variation as a base binder. Figure 3 shows that no new peaks were seen upon adding TXPO to the
VG 30, signifying that new functional groups were not formed due to modification.

However, when comparing the spectra of 1 TXPOMB and VG30, few shifts in the peaks are detected.
For instance, as shown in Figure 3, the 1916 and 2117 cm™ peaks are detected to be moved right to 1912 and
2132 cm™!, respectively, upon modification with TXPO. This results from a chemical reaction between the VG30
base binder and TXPO molecules.

The TXPOMB spectra’s peak shifts from 1600 cm™ to 1597 cm™, which refers to aromatic functional
groups having C = C bonds stretching, and from 1300 cm™ to 1028 cm™', which relates to carbonyl function
group having C = O bond, shown in Figure 4. An evolution in absorbance value is detected along with the shift
in peak, signifying that the modified binder contains more aromatic compounds. There is a similar decrease in
aliphatic compound absorbance at wave numbers 1375 cm™ and 1456 cm™ (CH, stretch). This indicates that
upon TXPO modification, aliphatic molecules are changed into aromatic ones. At the same time, a decrease
in the absorbance value of sulfoxide (S = O) and carbonyl (C = O) functional groups is observed. It shows a
chemical interaction between the TXPO and base binder molecules, as shown in Figure 4.

The FTIR spectrum of VG 30 binder in unaged, RTFO, and PAV-aged conditions are shown in
Figure 5. The absorbance of all functional groups in a base binder increases after RTFO ageing, and this
observation is similar after PAV ageing. Figure 5 shows that after RTFO ageing, the carbonyl is visible. It can be
seen in PAV spectra, indicating that PAV ageing causes a high increase in carbonyl compounds in base bitumen.
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Figure 1: FTIR Spectrum of VG30.
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Figure 3: FTIR spectrum of base binder VG30 and 1TXPOMB.
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Figure 6 shows the effect of adding TXPO in a base binder in dosages 1, 2, and 3%, and it is observed that
due to the addition of TXPO in VG30 binder, the absorbance of all considered functional groups increases in
unaged conditions. Also, as the percentage of TXPO increases, the absorbance of the base binder increases. The
effect of adding TXPO in a base binder in the RTFO-aged condition is shown in Figure 7, where adding TXPO
leads to a decrease in absorbance of the functional group after ageing compared to the RTFO-aged base binder.
The impact of TXPO addition in PAV-aged conditions is shown in Figure 8. The absorbance of carbonyl at
1700 cm™ and 1028 cm™ decreases for 1% TXPO addition and increases for further modification. A similar
increase is observed for the aromatic functional group, corresponding to 1600 cm™, whereas a corresponding
decrease in the aliphatic function group at 1375 cm™ and 1456 cm™ is observed in Figure 8.

3.3. Impact of the modification process of TXPOMB

The absolute value of the indices calculated for unaged, RTFO-aged, and PAV-aged conditions for base and
TXPOMB is analysed to understand the ageing during modification. Because of their greater susceptibility to
oxidation, the carbonyl and sulfoxide indices are key indicators of bituminous binder ageing. Figure 9 shows
the carbonyl and sulfoxide index for VG30 and TXPOMB in unaged, modified, and RTFO-aged conditions.
This indicates that the TXPOMB did not undergo ageing during modification, as evidenced by the decreased
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Figure 7: FTIR spectra of VG30 and TXPOMB in RTFO-aged condition.

0.14 — VG 30 (PAV)
| — 1TXPOMB (PAV)
— 2TXPOMB (PAV)
0.12 — 3TXPOMB (PAV)
0.10
3
S 0.08 1
@
£
2 0.06 -
el
<
0.04
0024
0.00 4

T T T T T T T T T
600 800 1000 1200 1400
Wavenumber (cm™)

Figure 8: FTIR spectrum of VG30 and TXPOMB in PAV-aged condition.



e | SHINDE, S.E.; HEDAOO N.A., revista Matéria, v.29, n.3, 2024

(a) Unaged = Modification ©IRTFO Aged (b) #Unaged & Modification & RTFO Aged
0.0100 —
0.0080 0.0500
w b www
% % [J -
= T 0.0400 A - — B Brcbhe
S 0.0060 £
P o
= = 0.0300
S 0.0040 z
= =
= = 0.0200
S @
0.0020 0.0100
0.0000 0.0000
VG30  1TXPOMB 2TXPOMB 3TXPOMB VG30  1TXPOMB 2TXPOMB 3TXPOMB
Binder Binder

Figure 9: (a) Carbonyl and (b) Sulfoxide Index in unaged, modification, and RTFO aged condition for the base and modified
binder.

carbonyl and sulfoxide index. Notably, there is a substantial reduction in carbonyl content, escalating from
0.0056 to 0.0049 and 0.0053 for VG30, ITXPOMB and 2TXPOMB, respectively. Similarly, the sulfoxide index
decreases from 0.041 to 0.037 and 0.039 for VG30, 1 TXPOMB and 2TXPOMB, respectively. Meanwhile,
for 3% modification of the TXPO binder, it undergoes ageing due to the modification process as carbonyl and
sulfoxide index increase to 0.057 and 0.042, respectively. Since C = O is produced by oxidation of ketones and
S = O by oxidation of sulfur or sulfide present in base and TXPO, the low concentration of these components in
the TXPO may be the reason for this decline in carbonyl and sulfoxide index.

3.4. Impact of TXPO modification

The bond indices corresponding to different function group bonds observed in the base and TXPOMB binders
are shown in Figure 10 to better understand oxidation during modification and ageing in the binders. Figure 10
(a) shows that due to TXPO modification with VG30, the carbonyl index decreases for ITXPOMB due to a
smaller quantity of carboxylic acid and ketone existing in the TXPO. The reactive functional group esters in the
TXPO have converted the sulfoxide group to the sulfide group in the I TXPOMB, as indicated by the decrease
in sulfoxide index for 1 TXPOMB.

The aromatic index decreases for I TXPOMB; this could be because the base binder contains a higher
percentage of aliphatic molecules than TXPO, resulting in a decrease of the polar doubly bonded molecules
existing in the TXPO, leading to a reduction in C = C bonds. The corresponding increase in aliphatic index
is also observed in the Fig. 10 (d) for 1 TXPO modification. Further modification leads to an increase in the
aromatic index and a corresponding decrease in the aliphatic index for 2TXPOMB and 3TXPOMB. Adding
TXPO to base binder VG 30 decreases the sulfoxide index observed in Figure 10 (b), corresponding to sulfoxide
decomposition while modification. Further addition of TXPO increases the sulfoxide index associated with the
oxidation of sulfides present in the TXPO. The aliphatic index decreases for 2TXPOMB and 3TXPOMB because
TXPO absorbs light fractions of the aliphatic functional group in base bitumen during mixing. The production of
aromatic compounds is related to a corresponding decrease in aliphatic functional group. Similarly, Figures 10
(¢) and (d) show an increase in the aromatic index and a decrease in the aliphatic index, respectively.

3.5. Influence on the ageing of binder

The FTIR index shown in Figure 10 assesses the effect of RTFO and PAV ageing on the base and TXPO-modified
binders. Carbonyl, sulfoxide, and aromatic index have been found to increase with RTFO ageing and to continue
increasing after PAV ageing. In contrast, the aliphatic index has decreased with RTFO and PAV ageing. After
RTFO and PAV ageing, the /,_ and /;_ in ITXPOMB and 2TXPOMB are lower than that of VG30; however,
it increases for 3TXPOMB modification, meaning that 1% and 2% TXPO modification increases the ageing
resistance of VG30, than that of 3TXPOMB. The increase in carbonyl and sulfoxide index due to RTFO ageing
in VG 30, 1TXPOMB, 2TXPOMB and 3TXPOMB is 37.5%, 22%, 32%, 40% and 15.3%, 8%, 12%, 17%
respectively. For PAV ageing, the increase in carbonyl index after RTFO ageing is observed as 67.5%, 51.7%,
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Figure 10: (a) Carbonyl Index, (b) Sulpfoxide Index, (c) Aromatic Index, and (d) Aliphatic Index of binders at different
ageing conditions.
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61.4%, 68.8% and for sulfoxide index is 45.9%, 40.4%, 42.9%, 48.1% for VG 30, I TXPOMB, 2TXPOMB and
3TXPOMB respectively. This also observed that the evolution of these indices in ITXPOMB and 2TXPOMB is
less as compared to base binder VG 30, i.e. the addition of 1 & 2% TXPO retards the ageing process of the base
binder. The optimum content of TXPO is 2% in terms of ageing resistance, as it shows a decrease in carbonyl
and sulfoxide index in unaged RTFO and PAV-aged conditions compared to the base binder. The 2% TXPO
modification with the base binder improves its ageing resistance. The /. and I,_ values increase for 2 and
3% TXPO modification, signifying a reduction in ageing resistance as the concentration of TXPO increases in
the VG30 binder. This results from the increased percentage of TXPO, which is oxidation-prone, along with an
increase in the concentration of carbon and sulfur.

The carbonyl index increases after RTFO ageing and significantly during PAV ageing; it is also observed
in FTIR spectra, where the carbonyl functional group, which corresponds to 1700 cm™', becomes marginally
apparent during RTFO ageing and significantly noticeable during PAV ageing. The increase in the aromatic
index is observed for VG 30 and TXPOMB after RTFO and PAV ageing. During ageing, light fractions of
bituminous binder volatiles and aliphatic chains form aromatic rings, which lead to an increase in the /, and
a corresponding decrease in the /,,. The same phenomenon is observed for the aromatic and aliphatic index in
Figures 10 (c) and 10 (d), respectively.

4. CONCLUSIONS

This study assesses the impact of modification of textile pyrolysis oil and its impact on the ageing behaviour of
bituminous binders. The corresponding peaks of carbonyl, sulfoxide, aliphatic, and aromatic functional groups
were considered to examine the evolution during ageing. By identifying these functional group bond indices, it
was discovered that FTIR spectroscopy was the most effective method for quantifying and analysing the oxida-
tion products due to the ageing of binders. The conclusions of the study include the following ones.

» The base binder VG30 and textile pyrolysis oil FTIR spectra exhibit variations in their chemical composition,
resulting in distinct functional groups. Shifts in the peak indicate the chemical reaction between TXPO and
VG 30 binder after modification. The FTIR spectra also show that the carbonyl index increases significantly
after RTFO and PAV ageing.

* The impact of the modification process was examined for TXPOMB when compared with base binder VG30.
The 1% and 2% TXPO modifications did not age the base binder, as carbonyl and sulfoxide indices decreased
during modification, and mass change is also within limits. The optimum content of TXPO is 2% in terms
of ageing resistance, as it shows a decrease in carbonyl and sulfoxide index in unaged RTFO and PAV-aged
conditions compared to the base binder. The 2% TXPO modification with the base binder improves its ageing
resistance. PAV ageing has contributed more to carbonyl formation than RTFO ageing.

» Base binder VG30 and TXPOMB exhibited an increase in carbonyl, sulfoxide, and aromatic index for RTFO
and PAV ageing. However, the modified binder’s rate of growth is less than that of the base binder. Compared
to the base binder, RTFO and PAV ageing increase the aromatic index and decrease the aliphatic index of
TXPOMB.

Modifying the bitumen with textile pyrolysis oil presents a sustainable solution by enhancing the ageing
resistance of binders and facilitating the efficient disposal of solid waste. This approach not only addresses envi-
ronmental concerns but also improves the performance and longevity of the bituminous materials.
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