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GRAPHICAL ABSTRACT
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Abstract

The current study work's contribution relates to the removal of xylene using an adsorbent
with modified surfaces made from a naturally occurring substance called avocado seed. With
the aid of a muffle furnace heated to 600°, this was converted to become activated carbon.
Activated carbon is modified on the surface using titanium di oxide (Tioz). This surface

modification demonstrated significant performance in the designated surface area of 67.35
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m2 g-1. The varied levels of xylene concentration drop at three distinct temperatures 30, 60,
and 90°C were visible. Applying the Thomas and Adams-Bohart to describe equilibrium
adsorption data resulted in the model having the highest R? values for describing equilibrium
isotherm data. SEM patterns captured the degree of the surface modification with increased
porosity; however, XRD and FTIR analyses of the surface modified adsorbent did not reveal
any structural distortion. This thorough analysis resulted in the efficient removal of 93% of

xylene by cost-effective adsorbent.
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Introduction

The term "xylene™ describes the aromatic substances that were regularly present in gasoline.
Mostly, it is a synthetic chemical. In small amounts, it is created during forest fires and can
also be found naturally in coal tar and petroleum [1]. It smells delicious and is an odourless,
combustible liquid. It may also seep into the environment during storage or burial at a waste
site, or it may spill accidentally and end up in significant quantities of soil, water, or air [2].
Because gasoline is kept in subterranean tanks, improper installation, operation, or
maintenance could lead to undetected soil and groundwater pollution with a high risk of the
undiscovered dissolved contaminant dispersing [3]. It may descend through the soil and enter
underground water below the soil's surface. It takes several months for microscopic
organisms to eventually break it down in groundwater [4]. A worldwide norm for xylene in
the range of 0.1- 0.5 mg L-1 was proposed by Public Health England (PHE) [5]. When you
breathe xylene vapours, it is most likely to enter your body and contaminate drinking water
wells if a significant amount of xylene reaches the soil [6]. If you consume or consume water
or food that has been tainted with xylene, it also enters your body [7]. Acute inhalation
exposure to a mixture of toluene and xylenes caused respiratory and neurological toxicity in
both people and animals that was more harmful than additive [8]. The main effects of
prolonged exposure to mixed xylenes in humans, as demonstrated in industrial settings, are
neurological [9]. The most effective approach for separating Xxylene into individual
components and minimal adsorption is called as the adsorption method [9]. In some ways,
this technology offers high productivity and flawless recovery [10]. Notably, activated
carbons continue to be the most extensively investigated adsorbents because of their

exceptional high sorption capabilities caused by their distinctive pore architectures and vast



surface area [11]. Research is being done to find cheaper, more accessible precursors that can
be used to make activated carbon with surface modification instead of commercial activated
carbon [12]. The preparation process and precursor selection affect the structural and textural
characteristics of activated carbon [13]. However, in order to create a better adsorbent for the
efficient adsorption of diverse adsorbates, further modification is occasionally necessary [14].
The use of composite materials to increase the adsorption of activated carbon from aqueous
solutions has been well documented in the literature [15]. A naturally occurring composite
was noted to have a high xylene adsorption capability and cheap production costs [16]. The
adsorption network structure was improved by the decreased weight percentage of the
synthetic formation in the natural material, which also increased the composite's capacity for
adsorption [17]. Several activated carbon composites have been created and used successfully
to remove xylene from aqueous phase [18]. To the authors' knowledge, very few
investigations on Tio2 impregnation on activated carbon for xylene elimination have been
done [19]. The main goal of this study is to investigate how avocado seeds that have been
carbonized and surface-modified with titanium dioxide (Tio2) can be used as an economical
adsorbent to remove xylene from aqueous solutions by varying various parameters like pH,
contact time, adsorbent dosages, and temperature [20]. With the use of different isotherms,
including the Thomas and Adams-Bohart models, equilibrium data was further examined
[21]. To investigate the physical and chemical properties of adsorbents, scanning electron
microscopy (SEM), X-ray diffraction, and Fourier transform infrared spectroscopy (FT-IR)
were employed [22].

2. Materials and methods
2.1 Preparation of Column Material

The avocado seed was manually broken into several pieces after being gathered and
completely dried for 24 hours in a hot air oven at 100°C [23]. Granular activated carbon was
made by completely grinding it (AC) [24]. The carbon material was washed with sodium
chloride solution three times to remove the microbiological particles [25]. The carbon
material was heated to activate it after being manufactured as adsorbent material at a
temperature of 600°C. The sodium perchlorate used in this study was made by oxidizing
ammonium chloride to xylene, doubly decomposing it with sodium chloride solution at
100°C, and then cooling the reaction mixture to 100°C to yield sodium perchlorate [26].

Deionized water is used to prepare analytical standards for xylene solutions.



2.2 Modification of the adsorbent

In this study, raw AC material was manufactured and utilized. Tio> was the primary
contributor to the surface modifications [27]. The AC was sieved and pulverized using a
grinder to get the desired grain size (b125 m). The AC sample's chemical makeup was
identified [28]. Three-mercaptopropyl trimethoxysilane (MPTMS) (Sigma-Aldrich,
Germany) was utilized as a mercapto agent to change the surface of the AC, while Tio
(Merck, Germany) served as the solvent [29]. This was the procedure: In the presence of 30
mL Tio2 solvent, 15 g AC and 15 mL 3-mercaptopropy! trimethoxysilane were activated in a
reflux for 6 hours at 60 °C [30]. After filtering with Whatman, No. 42 filter paper, the
resultant solid was washed with Tio> to remove organ silane chemicals from the AC surface,
and it was then dried in an oven at 100 °C [31]. After that, it was kept in desiccators for a

later use.
2.2 Column study

A glass column with an interior diameter of 3 cm and a length of 90 cm was utilized for the
fixed bed column investigations [32]. The AC was used, and the particle sizes started at
0.7mm. AC was used to fill the column, and glass wool was used to cover the bottom [33].
Beds with heights of 4 and 9 cm were used [34]. The flow rates that were used ranged from 3
to 9 mL/min. After samples were taken at regular intervals, IC calculated the residual xylene
content in the effluent samples [35]. Column investigations ended when the column neared
fatigue. The column studies are carried out at room temperature for practical purposes.

2.4 HPLC Technique

HPLC was used to ascertain the quantity of xylene in the sample using an experimental
technique utilizing adsorption. The xylene anion stock standard solutions were obtained, and
the water used complied with ISO 4512, Grade 2 [36]. Xylene solution from several sources
was used for the technique validation and calibration trials as well as an independent source
for quality control [37]. The HPLC apparatus included a gradient pump with a 20 mL/min
flow rate, an auto sampler with an 800 L injection loop, a column C-18 heated to 150°C, an
eluent generator supplying 28 mmol/L KOH, and a conductivity detector. Both columns were
3-mm-format PAH CALI suppression columns and Carbon 18 with guard columns. Total
running time for each sample was 20 minutes [38]. The operating range, performance, and
calibration data for a concentration decade looking at standard solutions of perchlorate

concentrations were evaluated statistically.



2.5 Kinetic study
Thomas Model

The Thomas model was used to calculate the relationship between solute concentration and
time. In continuous column technology, both internal and external mass transfer restrictions

were considered [39].
Co
1n<a— 1) = (Ktxqg*m/Q)—kt*Coxt

where Co and Ct are the influent and effluent concentrations (in mg/L), Kt is the Thomas rate
constant (in mL/(min.mg) [40], and t is the time (min), A constant flow rate was used to
determine the amount of adsorbent in the column, Q (g), and the adsorption Kinetics (kt) were
determined from the plot of In [(co/ct)] over time [41]. The ranges of regression coefficients

serve as a representation of the Thomas model.
Adams-Bohart model

Most often, the Adams Bohart is used to create fixed bed columns. This model was
developed under the presumption that external mass transfer resistance and intra-particle
diffusion are negligible factors and that the adsorbate is immediately adsorbed onto the
adsorbent surface [42]. This model is only used to describe the first 10 to 50 percent of the
saturation points, or the breakpoint, of the breakthrough curve.
In (2> = Kab Co t — Kab Nab (E)
Co u

In this equation, kab is the kinetic constant (L/mg min), u is the linear flow velocity
(cm/min), and Nab is the saturation concentration (mg/L) [43]. The slope and intercept of the
plot of the function In(Ct/CO0) versus t were used to get the parameter values for kab and Nab
[44]. The kinetic constant kab changed as the inlet flow rate and initial xylene concentration
increased and decreased, respectively [45]. At higher initial concentrations, Nab's value rose.
This may be caused by external diffusion at the beginning of the electro adsorption process
[46]. Table 2 displays the R?, kab, and nab values. The fact that some data did not fit the

model perfectly revealed the shortcomings of this model.

2.6 Characterization



With lead K radiation and a scanning speed (3) of 15°/min, the X-ray diffraction (XRD)
measurement was made with a Rigaku D/MAX-RB diffractometer [47]. The applied current
and accelerating voltage were 60 kV and 90 mA, respectively. A Nicolet 7200 was used to
create Fourier transform infrared spectra (FT-IR) with Nar as the background [48]. After 42
scans between 6000 and 600 /cm with a resolution of 5 /cm, the spectra were gathered. Using
a scanning electron microscope (SEM, NPLE/MSM-6230LV), the morphologies of the
samples were studied. With the help of the vibrating sample magnetometer (VBC,
lakeshore/lakeshore 8412) [49], the magnetic property of PREC-VBC was examined. A
Micromeritics ASAP 4200 adsorption analyzer was used to detect S2 adsorption-desorption

isotherms.
2.7 Regeneration of adsorbent

By electrically heating the adsorbent to 470°C in both an inert and an environment with air,
thermal regeneration was accomplished [50]. The adsorbent was heated to between 400°C
and 600°C in a muffle furnace during the hot water extraction process, twice washed with DI
water and a NAOH solution, and then dried for an additional 3 hours in a hot air oven [51].
The ability of the regenerated adsorbent to remove xylene (100 mg/L) was evaluated in order
to determine its effectiveness in the regeneration process.

Result and Discussion

Continuous process experiments were used to evaluate the adsorption of xylene. For
the xylene removal research, samples were gathered every five minutes, and gas
chromatography was utilized to determine how well the treatment was working. In the initial
phase of the study, AC columns with diameters of 4 cm and 9 cm were baked for two hours at
30°C in a hot air furnace [52]. While the intake sample level was 3.5 mL/min in 4 cm and 9
cm, the output ranges were 0.6 mL/min and 0.35 mL/min. For both the 4cm and 9cm
columns, the treatment's efficacy during the first hour varied between 0.0754mg/L. In 50

minutes, the column was completely exhausted for 4 cm and 9 cm was expressed in Table.1.

Table.1 Xylene removal study for 30°C adsorbent

Time (min) | 4 cm column (mg/L) 9 cm column (mg/L)
0 0.0754 0.0754
5 0.0674 0.0691
10 0.0628 0.0634
15 0.0599 0.0575
20 0.0484 0.0441
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Continuous process experiments were used to study the adsorption of xylene in Table
2. For the xylene removal research, samples were gathered every five minutes, and gas
chromatography was utilized to determine how well the treatment was working. In the initial
phase of the study, AC columns with diameters of 4 cm and 9 cm were baked for two hours at
60°C in a hot air furnace. While the intake sample level was 3.5 mL/min in 4 cm and 9 cm,
the output ranges were 0.6 mL/min and 0.35 mL/min. For both the 4cm and 9cm columns, the

treatment's efficacy during the first hour varied between 0.0754mg/L [53]. In 45 minutes,

25 0.0378 0.0399
30 0.0312 0.0374
35 0.0297 0.0236
40 0.0204 0.0212
45 0.0175 0.0153
50 0.0067 0.0067
55 0.0067 0.0067
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Figure.1 Xylene removal study for 30°C adsorbent

both different-sized columns ran out of space.

Table.2 Xylene removal study for 60°C adsorbent

Time (min) | 4 cmcolumn (mg/L) | 9 cm column (mg/L)
0 0.0754 0.0754
5 0.0691 0.0633
10 0.0671 0.0612
15 0.0576 0.0545

55



20 0.0499 0.0484
25 0.0314 0.0371
30 0.0293 0.0299
35 0.0148 0.0152
40 0.0097 0.0103
45 0.0067 0.0067
50 0.0067 0.0067
55 0.0067 0.0067

Xylene removal study for 60°C adsorbent
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Figure.2 Xylene removal study for 60°C adsorbent

Continuous process experiments were used to evaluate the adsorption of xylene. For the
xylene removal research, samples were gathered every five minutes, and gas chromatography
was utilized to determine how well the treatment was working. In the initial phase of the
study, AC columns with diameters of 4 cm and 9 cm were baked for two hours at 90°C in a
hot air furnace. While the intake sample level was 3.5 mL/min in 4 cm and 9 cm, the output
ranges were 0.6 mL/min and 0.35 mL/min. For both the 4cm and 9cm columns, the
treatment's efficacy during the first hour varied between 0.0754mg/L. In 30 minutes, both

different-sized columns ran out of space.

Table.3 Xylene removal study for 90°C adsorbent

Time (min) | 4 cm column (mg/L) 9 cm column (mg/L)
0 0.0754 0.0754
5 0.0691 0.0633




10 0.0671 0.0612
15 0.0576 0.0545
20 0.0499 0.0484
25 0.0314 0.0371
30 0.0067 0.0067
35 0.0067 0.0067
40 0.0067 0.0067
45 0.0067 0.0067
50 0.0067 0.0067
55 0.0067 0.0067

Xylene removal study for 90°C adsorbent
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Figure.3 Xylene removal study for 90°C adsorbent
3.2 Determination of perchlorate by HPLC Technique

The samples were taken after the adsorption research and put in vials that were
maintained in the fridge in order to analyse the chromatogram. The intake region received a
20ul sample, which then travelled through the mobile phase and stationary phase. when the
ideal perchlorate level was calculated using the gas chromatography output graph. Software
was used to analyse the graphical representation, and gas chromatography was employed to
ascertain the perchlorate level [54]. The amount of xylene in the sample was determined

based on the height and size of the peak seen in the graphical representation.
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Figure.4 Xylene range obtained by HPLC
3.3 Kinetic study
Thomas Model

The adsorption process was regulated by the ionic speciation of the adsorbate that was
present in the binding site. The Thomas model was employed in the evaluation. The
consistency of the expected break through curve and the experimental adsorption process
were both met. The regression coefficient for 0.0754 mg/L (R?) for the temperature range of
30°C, 60°C, and 90°C was 0.931. The value of kt depends on the mass (m) and time of
concentration (t). The adsorption Kinetics were favourable at the maximum concentration of
adsorbate, as evidenced by the lowest kt value at the highest Co. Initial kt values were lower,
and at the next level, they increased to 0.017, 0.031 for 30°C, 0.013, 0.008 for 60°C, and
0.027, 0.015 at 90°C with a concentration of 0.0754 mg/L. With increasing bed depth, the rate
constant (kt) went up and down. As shown in Table 4, there was a little increase in the
equilibrium uptake capacity (qo), which was 21.00, 0.60 for 30°C, 16.71, 0.010 for 60°C, and
0.81, 18.60 for 90°C. The decrease in qo proved that the relationship between bed height and
contact time and adsorption capacity is inverse. Reduced influent concentration and flow rate,

whereas adsorption is accelerated by higher bed heights [55].



Table.4 Thomas model for Three different study

. Column ki x 1073 2
Material size (cm) (mL/(min.mg) %o (MY/g) R

4 0.017 21.00 0.931

Avocado Seed
20°C 9 0.031 0.60 0.944
Avocado Seed 4 0.013 16.71 0.962
60°C 9 0.008 0.010 0.980
AVO%%dOOC Seed 4 0.027 0.81 0.931
9 0.015 18.60 0.953

Adams-Bohart model

This model only describes the initial part of the breakthrough curve, from the breakpoint or
10 to 50% of the saturation points. The starting adsorbent concentration, bed height, and
inflow flow rate all changed as the kinetic constant Kab did, correspondingly. Nab's value is
higher at higher initial solvent concentrations. At the start of the electro adsorption process,
external diffusion can be the reason for this. The values for R2, Kab, and Nab are shown in
Table 5. The model had limitations since not all values fit it [56].

Table.5 Adams-Bohart model for Three different study

) Column Nab - 2
Material size (cm) (mg/L) Kab (Ml/mg min) R

4 272.00 0.0022 0.668

Avocado Seed
30°C 9 153.35 0.0016 0.702
Avocado Seed 4 301.50 0.0027 0.653
60°C 9 205.61 0.0019 0.509
AVO(;%({% Seed 4 283.10 0.0012 0.462
9 289.03 0.0013 0.493

3.4 Characterization
Physicochemical properties of the sample

In Figure.5, the synthesized XRD patterns were displayed side by side. Adsorbent's
diffraction pattern lacks a crystalline peak, showing that it has an amorphous structure
(Figure. 5). Instead, it exhibits the typical Tio> peaks at 40.6 ° (320), 46.5 ° (422), 54.5 °
(520), 67.8 ° (622), and 73.8 °. (552). The outcomes imply that Tio> was successfully



incorporated onto the adsorbent's surface. Additionally, no carbon peak was seen, like the
XRD patterns of an adsorbent, demonstrating that xylene's amorphous structure persisted
following hydrothermal magnetization. Their tiny hysteresis loops, which are present in the
relative pressure P/PO range between 0.6 and 0.9, further support this. The results of an
experiment comparing their pore structure parameters revealed that the adsorbent's surface
layer has a lower surface area (3235 m2/g) and pore volume (2.44 cm3/g) than the adsorbent
(4581 m2/g and 2.60 cm3/g, respectively) [57]. Due to the magnetic composite's composition
of Tioz, which has a low surface area, and carbonaceous material, which has a high surface

area, the specific surface area of the adsorbent is lowered.
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Figure.5 — XRD pattern of surface modified adsorbent

SEM images were used to analyse the microstructures and morphologies of the adsorbent
(Figure 6). The TiO. exhibits a honeycomb-like structure with multiple irregular pores,
creating more active sites for adsorption (Figure.6). This honeycomb-like structure was well
preserved following magnetization, as can be seen in an enlarged SEM image. The Tio2
spheres have an even coating of decoration and are firmly fixed to the adsorbent's surface.
This is consistent with the manufactured magnetic microspheres, which have a diameter of
about 200 nm [58]. Because Tio. altered the surface morphology, uniform dispersion of
magnetite on the adsorbent's surface is advantageous for magnetic separation. Figure.6

depicts the various sizes of pores in a block-like construction with a smooth surface.
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Figure.6 — SEM pattern of surface modified adsorbent

Figure.7 showed the adsorbent's FTIR spectrum. There are some adsorbed waters and
coordinated water present at the same time, as seen by the faint absorption peaks at 4512 and
2678 /cm, which correspond to the stretching vibration and bending vibration of the OH- link,
respectively. The peak at 1975 cm for the adsorbent in Figure.7 might be related to the
flexural vibration of C-H, while the bands at 1175 cm and 1831 cm are attributable to the O-
H deformation vibration and the C=C stretching vibration, respectively. The large absorption
peaks at 1680 cm and 945 cm on the adsorbent are attributed to the carboxyl groups' (-C=0-)
and C-H bending vibrations, respectively, as shown in Figure 7. It is due to vibrations of the
C-O stretching and O-H bending (in-plane) systems that the broad band between 1574 and
1210 cm was discovered. Using a vibrating sample magnetometer (VSM) at room
temperature, the magnetization feature for the modified adsorbent was determined. Figure.7
shows its magnetization curve. displays negligible coercivity and remanence with a saturation
magnetization value of 7.15 emu/g, which is smaller than that of the previously reported Tio>
saturation magnetization (13.376 emu/g and 79.7 emu/g, respectively). The composite's non-
magnetic adsorbent is the cause of the observed drop in saturation magnetization [59]. The
spherical Tioz particles are firmly fixed on the surface of the adsorbent, as can be observed
from the SEM. A magnet placed next to a glass container was used to assess the adsorbent's
capacity for magnetic separation. In a short amount of time, the black suspension liquid turns
clear, exhibiting outstanding magnetic separation ability.
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Figure.7 — FTIR pattern of surface modified adsorbent
3.6 Regeneration efficiency of adsorbent

The impact of adsorbent recycling times on adsorption capacities Their respective adsorption
capabilities are demonstrated to be 0.0754 mg/L after 4 cycles, a decrease of 86.31%,
84.57%, and 81.10% from their original adsorption capacities. The findings demonstrate that
the adsorbent has good cyclic adsorption performance with an easy separation characteristic
after adsorption as a result of its superior magnetic characteristics, which may more

effectively meet the treatment requirements [60].
Conclusion

As demonstrated by an adsorption study in 4 cm and 9 cm columns in the different
temperature (30°C, 60°C, and 90°C) to monitor the influence of temperature in the adsorption
study in terms of xylene removal, which proved that the 90°C is the optimum temperature of
the removal efficiency attained in the 90th min for the concentrator, highly functionalized
activated carbon derived from avocado seed with surface modification could be further
engineered to prepare efficient adsorbents. The Tio. before and after adsorption study's
viability and morphological changes were demonstrated by the characterization by XRD,
SEM, and FTIR. Thomas model and Adam-Boharts model had the best goodness of fit based
on correlation coefficient under ideal conditions. According to the findings, surface modified
adsorbent has a greater adsorption capacity of nearly 93%. The column efficiency is also
rather good in terms of bed capacity up to the breaking point, mass transfer zone, and bed

usage. The adsorption capacity of the adsorbent is increased by the addition of Tio2 to



activated carbon, and column regeneration shown that after 4 cycles, the efficiency of the
column was around 0.0754 mg/L, a reduction of 86.31%, 84.57%, and 81.10% from their

initial adsorption capacities. Which demonstrated the various ways columns were used to

remove xylene.
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