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a b s t r a c t
This article describes the production of eucalyptus wood waste biochar (EWB) and its use in the 
adsorptive removal of naphthalene (Nap) from vehicle wash wastewater (VWW). EWB was pro-
duced by carbonizing the waste eucalyptus wood at a high temperature in a nitrogen atmosphere. 
The produced EWB was chemically activated by being subjected to 1 M HCl in order to increase 
its effectiveness. The EWB was described using pertinent instrumental techniques such as surface 
area analysis, Fourier-transform infrared spectroscopy, and scanning electron microscopy. Nap 
adsorption from aqueous solutions through EWB was examined using batch adsorption tests. As 
adsorption parameters, initial EWB concentration, contact time, pH, temperature, and adsorbent 
dose were all examined. Under ideal conditions, the adsorption efficiency was computed and the 
Nap contents were determined using a UV spectrometer. The optimal conditions for the high-
est adsorption of Nap from VWW on the EWB adsorbents were found to be an initial concentra-
tion of 30 ppm, contact time of 90 min, temperature of 60°C, adsorbent dose of 0.30 g, and 5 pH. 
Kinetic and isotherm models were applied to evaluate the adsorbent capacity to bind Nap. The 
kinetic study shows that the adsorption of Nap onto EWB is controlled by pseudo-second-order 
kinetics. The results of the experiment demonstrated that the Langmuir isotherm model offered 
the best fit for the data. The values of thermodynamic parameters such as entropy (ΔS°), Gibb’s 
free energy (ΔG°) and enthalpy (ΔH°) show that the adsorption process is spontaneous and exo-
thermic in nature. The trial results revealed that the highest adsorption at optimum condition for 
Nap from VWW was 98.65% (qe = 141.52 mg/g). The performances of certain commercial adsorbents 
utilized in practice were also compared with the results. This analysis showed that the new EWB 
has a significant potential (>95%) for removing and recovering Nap from industrial effluent.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are recal-
citrant and toxic organic pollutants, and consist of two 
or more fused benzene rings in linear, cluster or angular 
arrangements, and are associated with low water solubil-
ity [1]. Both natural and artificial sources release PAHs 
into the environment. Compared to anthropogenic sources 
in the environment, natural sources of PAHs are few [2]. 
Volcanic eruptions, oil seepages, thermal geological reac-
tions, natural forest fires, prairie, and oil seepages are a few 
examples of natural sources [3]. Residential waste burning, 
agricultural processing, vehicle emissions, military opera-
tions, coal tar production, asphalt and shale oil production, 
coal conversion, metalworking, petroleum processing, steel 
and iron foundry works, aluminium smelting and coke pro-
duction, and incomplete combustion are notable examples 
of the various anthropogenic sources responsible for the 
PAHs emissions [4]. Agricultural and medicinal products, 
resins, dyes, insecticides, and the production of pigments 
all frequently employ PAHs as lubricants [5]. The majority 
of the sources of PAHs in the aquatic system include pol-
luted sediments, atmospheric deposition, and unintentional 
leakage. PAHs are prevalent in tar deposits, coal, and oil [6].

High molecular weight PAHs, which contain 6, 5, or 
4 benzene rings, and low molecular weight PAHs, which 
contain 3 or 2 benzene rings, can be divided into two main 
classes [7]. PAHs are a major problem in the aquatic system 
due to their mutagenic and carcinogenic properties, high 
lipophilicity, persistence, and dangerous nature [8]. The car-
cinogenicity of PAHs typically rises with increasing molec-
ular weight. Both long-term and short-term health effects 
can be caused by PAHs, with the former including asthma 
symptoms, breathing problems, lung abnormalities, liver 
and kidney damage, cataracts, and immune system sup-
pression [5]. Although the short-term health consequences 
of PAHs on people are unclear, occupational exposure to 
high levels of PAHs may cause temporary side effects like 
diarrhoea, eye irritation, vomiting, disorientation, and nau-
sea [5]. Many PAHs have been discovered to exist in the 
tissues of both plants and animals, in water bodies, in soil 
and sediments, and in the air, indicating their presence in 
the environment [9]. Since PAHs are persistent and non-bio-
degradable, they enter the food chain through the soil and 
move to the human body by skin contact, inhalation, or  
ingestion [5].

Several techniques are being developed over time to 
remove PAHs from contaminated soil and water, in an 
effort to lessen the potential risk to human health and the 
environment. Biological, thermal, chemical, and physical 
processes, as well as phytoremediation (including phyto-
degradation, phytostabilisation, phytoextraction, rhizofiltra-
tion, bioaugmentation, biostimulation, natural attenuation, 
chemical precipitation, electrolysis, adsorption, photolysis, 
ion exchange, oxidation, radio frequency heating, thermal 
desorption, and incineration methods) are the main treat-
ment techniques for PAHs contaminated water, sediment, 
as well as soil [9]. However, the majority of these techniques 
have some challenges, such as difficult operational processes, 
high maintenance expenses, and high investment prices. 
Moreover, several of these treatment methods produce 

secondary byproducts, some of which are carcinogenic and 
mutagenic (e.g., trihalomethanes, haloacitic acid), which 
worsens the effects on public health [10,11].

The adsorption approach has a straightforward design, 
is simple to use, is unaffected by harmful contaminants, 
and is inexpensive. As a result, the method to remove PAHs 
from aqueous media is effective. The adsorption approach 
can achieve an eradication effectiveness of 99.9% [12]. In 
this way, people are becoming more and more eager to dis-
cover practical adsorbents to remove harmful pollutants 
from water. Pollutants will gather on the adsorbent’s surface 
or contact during the adsorption process. Adsorption takes 
place at the point when the solid adsorbent and sewage meet 
during the water treatment process. Adsorbent and adsor-
bate are the names for the adsorption phase and the con-
taminants that are adsorbed, respectively [12]. Among the 
many adsorbents employed for this are hen feathers [13], 
waste polyethylene terephthalate/biochar/bentonite and 
waste polystyrene/biochar/bentonite [14,15], activated car-
bon [9], montmorillonite clay [16], waste rubber tires [17], 
papaya peel carbon [18], chitosan grafted polyaniline [19], 
various materials as biosorbents [20], mixed biosorbents 
(custard apple seeds and Aspergillus niger) [21], immobilized 
fungal biomass [22], mixed biosorbent of agro waste and 
bacterial biomass [23], mixed biomass [Aspergillus campestris 
and two forms of Delonix regia seed (raw and acid treated 
Delonix regia seed)] [24] and nano alumina [25].

In the present investigation, the EWB has been prepared 
successfully by a simple and low-cost method. Investigations 
were conducted on the structural characteristics of the 
EWB as well as the adsorption states of naphthalene (Nap). 
Through batch studies, the effectiveness of EWB adsorption 
was assessed, and its adsorption behaviour for Nap was 
carefully examined, including the effect of initial Nap con-
centration, temperature, contact time, pH, adsorbent dose, 
adsorption isotherm, and adsorption kinetics. This study 
makes a significant contribution to the removal of hazardous 
Nap from wastewater and establishes a new benchmark for 
lowering environmental pollution by reducing solid waste. 
This in turn raises the local environment aesthetic value.

2. Materials and methods

In the current study, waste eucalyptus wood was con-
verted into biochar, which was then used as an adsorbent 
to remove Nap from vehicle wash wastewater (VWW). 
In order to achieve the above objectives, the following 
methods were adopted.

2.1. Sample collection

In 2.5 L amber glass bottles that had already been 
cleaned, VWW samples were collected. The University of 
Agriculture (Peshawar, Pakistan) provided EWB made from 
eucalyptus wood waste.

2.2. Synthesis of biochar from eucalyptus wood waste

Waste eucalyptus wood samples were cleaned, dried 
and chopped into small pieces. Waste eucalyptus samples 
were converted to EWB by carbonization at high temperature 
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under an inert atmosphere in a specially designed steel reac-
tor. About 5 g of waste eucalyptus wood was taken into a 
steel reactor and inserted into a tube furnace, a nitrogen 
supply was connected to the reactor and heated to 450°C 
for 1 h. The carbonaceous residue was ground into pow-
der, then passed through a 100-mesh sieve, and stored 
in glass vials for further study.

2.3. Characterization of EWB

Scanning electron microscopy (SEM), Fourier-transform 
infrared spectroscopy (FTIR), and surface area were used to 
characterize the EWB that was synthesized in the laboratory. 
Using a scanning electron microscope made by JEOL (Tokyo, 
Japan), the surface morphology of the EWB was investi-
gated. A Nicolet iS10 FTIR spectrometer (Cary 630, Agilent 
Technologies, USA) with a scanning range of 4,000–400 cm–1 
was used to measure the FTIR spectra. The average pore 
size, total pore volume, and specific surface area were cal-
culated using a Quantachrome, USA, Model NOVA 2200e 
porosimetry system and surface area.

2.4. Adsorption experiments

Batch mode adsorption studies were used to study the 
adsorption of Nap from VWW over EWB. EWB dosage 0.1, 
0.2, 0.3, and 0.4 g, contact time 15, 30, 45, 60, 90, and 120 min, 
pH 1–7, and Nap concentrations 10, 20, 30, and 40 ppm were 
some of the factors that were examined in the study. The total 
volume of samples used for the experiment was 100 mL. 
All Nap adsorption and kinetic models were run in a batch 
setup with 500 mL Erlenmeyer flasks at various tempera-
tures. At different temperatures (30°C, 40°C, 50°C, and 60°C), 
the samples were stirred at 150 rpm in a magnetic stirrer 
until equilibrium was attained. Only the average values of 
the three triplicates are shown for all tests.

2.5. Analyses and calculations

According to Table 1, the equilibrium concentration, 
qe (mg/g) and % qe were computed.

The numerical models shown in Tables 2 and 3 were 
used to fit the data [14,15]. The Nap concentrations in the 
solution were measured using Shimadzu UV-1700 UV-Vis 
spectrophotometry (Germany) (200–270 nm).

The effect of temperature on the thermodynamics vari-
ables ΔG°, ΔH°, and ΔS° was also examined (Table 4) [14,15].

3. Results and discussion

3.1. Characterization of EWB

SEM, FTIR, and surface area analysis were used in the 
laboratory to examine the characteristics of biochar produced 

Table 1
Equations used for qe and % qe calculations

Equation

Equilibrium 
concentration

q
C C V
Me

i�
�� ��� ��0  (1)

where,
Co (mg/L) = Initial Nap concentration;
Ci (mg/L) = Equilibrium Nap concentration;
V (L) = Volume of solution;
M (g) = Mass of EWB.

Percentage 
removal %q

C C
Ce
i�

�� ���� ��0

0

100
 (2)

Table 3
Kinetic models used in the study

Model Equation

Pseudo-first-order

ln lnq q q k te t e�� � � � 1  (5)
Since: qe and qt are the amounts of 
adsorbed Nap (mg/g) at equilibrium 
and time t (min), respectively, and 
k1 is the rate-constant of pseudo-
first-order (min–1)

Pseudo-second-order

t
q

t
q k qt e e

� �
1

2
2  (6)

Since: K2 is the rate-constant of 
pseudo-second-order adsorption 
(g/mg·min) and at equilibrium the 
sorption capacity is presented by qe

Table 2
Isotherm models used in the study

Model Equation

Langmuir

C
q KQ

C
Q

e

e

e� �
1

max max

 (3)

Since, qe is the quantity of adsorbed Nap on 
the EWB at equilibrium (mg/g) and Ce is the 
equilibrium-concentration of the Nap (mg/L)

Freundlich
ln ln lnq K

n
Ce F e� �

1  (4)

Since: n and Kf are the adsorption intensity 
and capability, respectively

Table 4
Equations used for the thermodynamic parameters calculations

Gibb’s free 
energy

�G RT KD� � � ln  (7)
where R is the ideal gas constant, 8.314 J/K·mol; 
T is the absolute temperature in K; KD is the 
equilibrium coefficient of the PAHs adsorption 
on the EWB

Enthalpy �H R
T T
T T

k
k

� �
�
2 1

2 1
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1

ln  (8)

Entropy �
� �S H G

T
� �
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from eucalyptus wood waste. The surface morphology of 
dry biomass (Fig. 1a) depicts a mesoporous structure, with 
some extraneous particles spread on the surface. The par-
ticle morphology in the SEM micrograph of EWB (Fig. 1b) 
was irregular. Uniquely sized lumps and particles smaller 
than 5 microns in size and up to 30 microns in size make 
up EWB. After adsorbing Nap, the EWB surface appears 
shiny, smooth, and has a closed pore structure in Fig. 1c. 
This change may be the result of a physicochemical inter-
action between the functional groups on the EWB surface  
and Nap.

The EWB synthesized from eucalyptus wood waste was 
characterized by FTIR spectroscopy. The FTIR spectrum of 
EWB is shown in Fig. 2a, which shows a distinct peak at 
3,000 and 2,800 cm–1, corresponding to aromatic C–H and 
methylene C–H bonds. The peaks at 1,630 cm–1 indicates 
C=C stretching vibrations, whereas the peak positioned at 
1,500 cm–1 exhibits the C=C groups for aromatics, that is, 
SP2 hybridized carbon. The bands positioned at 1,447 cm–1 
can be assigned to methylene CH2 configuration. The peak 
positioned at 693 cm–1 arising from C–H bending vibra-
tion. The EWB FTIR spectrum after desorption is shown in 
Fig. 2b. The absorption bands were detected at 2,919 cm–1 
(=CH2, stretching), 1,599 cm–1 (C=C, stretching), 1,493 cm–1 
(C=C, stretching), 1,451 cm–1 (CH2 stretching), 1,013 cm–1 
(C–O, stretching), 698 cm–1 (C–H, stretching) and 521 cm–1 
(C–H, stretching). The point of zero charge (PZC) was found 

to be 4.25 (Fig. 3) and its surface will be negatively and 
positively charged at the pH above and below PZC.

The N2 adsorption isotherms at 77.35 K were used to 
derive the surface area parameters for EWB (Fig. 4). The 
outcomes are displayed in Table 5. According to the sur-
face analysis findings (Table 5), the calculated SBJH for EWB 
was 14.10 m2/g. The SBET was found to be 18.37 m2/g, with 
pore volume of 0.01 cm3/g and a pore radius of 14.90 Å. The 
statistics demonstrate that the EWB adsorbent has a large 
pore size and a high surface area. Therefore, EWB has bet-
ter adsorption potential. The surface characteristics were 
seen to decrease after adsorption, which confirmed the 
adsorption of Nap.

Fig. 1. Scanning electron microscopy images of dry biomass (a), EWB before Nap adsorption (b), and EWB after Nap adsorption (c).

Fig. 2. Fourier-transform infrared spectra of EWB before adsorption (a) and after desorption (b).

-1

-0.5

0

0.5

1

1.5

2

0 1 2 3 4 5 6 7 8

Initial pH

∆p
H

Fig. 3. Determination of point of zero charge of EWB.
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3.2. Investigation of the adsorption parameters

To find the optimal conditions required for maximum 
Nap adsorption, adsorption was investigated under var-
ious Nap concentrations, adsorbent doses, temperature, 
pH levels, and contact time.

3.2.1. Effect of contact time

Using a series of adsorption studies at various periods, 
ranging from 15–120 min, the effects of adsorption time on 
the removal of Nap from VWW were examined. According 
to the findings in Fig. 5, Nap adsorption rises with increasing 
contact time and reaches its maximum in 90 min. There may 
be active adsorption sites, which could help to explain this 
pattern. The number of active sites that are initially available 
for adsorption on the adsorbent surface rapidly decreases 
as adsorption proceeds. Once all active surfaces have been 
covered, which takes 90 min [26], the adsorption is complete. 
In earlier studies on the adsorption of toxicants by various 
adsorbents, similar results were also reported, that is, the 
adsorption increased with the increase of the adsorption 
period and approached equilibrium (qe = 141.52 mg/g) [27,28].

3.2.2. Effect of temperature

Fig. 6 illustrates the adsorption of Nap from VWW at 
various temperatures, ranging from 30°C to 60°C. Findings 
indicate that Nap adsorption rises with temperature and 
reaches a maximum at 60°C. However, when the tem-
perature rises more, the percentage of Nap adsorption 
decreases. The weak Van der Waals forces involved in 
physical adsorption weaken at high temperatures, which 
cause a decrease in the rate of adsorption, but at tempera-
tures above the optimum, the adsorption slows down. The 

concentration is expected to increase as the temperature 
rises since physical adsorption is often exothermic in nature 
[29]. On the other hand, because the chemical adsorption is 
endothermic, the rate of adsorption increases as the tem-
perature does [30]. The percentage of Nap adsorbed in the 
current situation rises with temperature and reaches a max-
imum at 60°C before falling off again as the temperature 
rises. Furthermore, increasing temperature indicated an 
increased likelihood of adsorption at higher temperatures, 
which is consistent with previous findings [27,28].

3.2.3. Effect of adsorbent dose

For 30 mL of VWW, batch adsorption studies were con-
ducted with EWB dosages ranging from 0.1 to 0.4 g. Fig. 7 
presents the findings. The results show that the adsorption 
of Nap increased linearly as the adsorbent dosage increased, 
with the highest adsorption of Nap being achieved at a dose 
of 0.3 g of adsorbent per 30 mL of VWW. As more and more 

Fig. 4. N2 adsorption isotherms of EWB at 77 K.

Table 5
Surface properties of the EWB

Adsorbent SBJH (m2/g) SBET (m2/g) Pore radius (Å) Pore volume (cm3/g)

EWB (before adsorption) 14.10 18.37 14.90 0.01
EWB (after adsorption) 1.80 1.92 2.36 0.0001

Fig. 5. Effect of contact time on the % adsorption of Nap over 
the EWB.

Fig. 6. Effect of temperature on the % adsorption of Nap over 
the EWB.
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adsorbent is added, the number of active adsorbent sites 
increases, which is likely the cause of the increased adsorp-
tion of Nap with the rise in adsorbent dose. The adsorption 
of Nap, however, decreases with subsequent adsorbent 
dose increases because excess EWB aggregates and reduces 
the number of active sites on the surface that are avail-
able for adsorption [31]. The ideal dose of 0.3 g of EWB for 
30 mL of VWW was chosen based on the largest amount of 
Nap adsorbed.

3.2.4. Effect of initial concentrations

The adsorption of Nap by EWB was investigated at var-
ied initial Nap concentrations. The data are shown in Fig. 8. 
This suggests that as the initial Nap concentration increases 
from 10 to 40 mg/L, the rate of Nap adsorption on EWB 
increases. When the initial Nap concentration is raised, 
Nap binds to the surface-active sites of EWB, causing this. 
A more grounded primary impetus is created when the 
concentration of Nap grows due to the presence of a signif-
icant concentration gradient, which exploits active sites to 
increase the amount of EWB that can be absorbed per unit 
mass while overcoming the mass exchange resistance [15].

3.2.5. Effect of pH

The adsorption of adsorbates onto the charged adsor-
bents is significantly influenced by the pH of the medium. 
The effect of pH on the adsorption of Nap utilising EWB 
was investigated in the current study in the range of 1–7 
(Fig. 9). The initial pH values of the Nap mixture solu-
tions were altered at 1, 2, 3, 4, 5, 6, and 7 by a few drops 
of diluted 0.1 M NaOH or HCl solution. The results of the 
study showed that the adsorption process is highly pH 
dependent, and increasing the pH from 1 to 5 increased 
the adsorption of Nap. However, adsorption decreases if 
the pH is increased, so pH 5 was chosen for further study. 
EWB has a PZC value of 4.25, indicating that its surface is 
positively and negatively charged at pH values below and 
above the PZC, respectively. The data showed that there 
was no significant difference in the adsorption of Nap 

in the pH range from 1 to 4, which may be because there 
are too many H+ ions competing for the same adsorption 
sites as Nap. The adsorption capacity increases at pH 4 
and reaches a maximum at pH 5. Similar results have been 
observed by researchers using various adsorbents to adsorb  
PAHs [9,27].

3.3. Adsorption kinetics

To analyse the adsorption kinetics, the adsorption data 
was interpreted using pseudo-first-order and pseudo- 
second-order kinetics models. The pseudo-first-order and 
pseudo-second-order kinetic graphs are shown in Fig. 10a 
and b, the predicted kinetic parameters are shown in Table 6. 
In spite of the fact that the correlation factor R2 (0.991) for 
the pseudo-second-order model was the highest, showing 
that the adsorption system follows a pseudo-second-order 
kinetics. According to the pseudo-second-order model [15], 
it is generally assumed that the adsorption of Nap onto 
EWB is a chemisorption in which valence forces are gen-
erated through the contribution or exchange of electrons 
between the adsorbent and the adsorbate.

Fig. 7. Effect of adsorbent dose on the % adsorption of Nap over 
the EWB.

Fig. 8. Effect of initial concentrations on the % adsorption of 
Nap over the EWB.

Fig. 9. Effect of adsorbent dose on the % adsorption of Nap 
over the EWB.
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3.4. Adsorption equilibrium study

To examine the nature and viability of the adsorption 
of the adsorbate over the adsorbent, the adsorption data 
was fitted into the Langmuir and Freundlich adsorption 
isotherms. The Langmuir isotherm explains the adsorp-
tion as the formation of a monolayer of adsorbate on the 
adsorbent surface. Fig. 11a and b display the Langmuir and 
Freundlich adsorption isotherm plot, and Table 7 provides 
a comprehensive list of isotherm features. The fact that the 
Nap adsorption data gave a superior match in the Langmuir 
isotherm model is shown by the greater estimation of cor-
relation coefficient for Langmuir than for Freundlich iso-
therm. Langmuir isotherm describes the adsorption by the 
formation of a monolayer of adsorbate on the adsorbent 
surface. Adsorbate is not moved over the adsorbent; instead, 
it is adsorbed at fixed adsorptive sites [9].

3.5. Thermodynamic study

The nature of adsorption was further studied through 
the evaluation of several thermodynamic parameters. The 
values of ΔG°, ΔH°, and ΔS° for the adsorption of Nap 

over EWB formed from eucalyptus wood waste are shown 
in Table 8. Due to the fact that the adsorption process is 
spontaneous when ΔG° is negative (–ve) and non-sponta-
neous when it is positive (+ve). It is clear that the adsorp-
tion is spontaneous in nature because the ΔG° result in 
this situation is negative. Furthermore, as the temperature 
rises, the ΔG° value becomes more negative. The negative 
finding for ΔH°, however, indicates that the adsorption 
process is exothermic. The high value of ΔS°, on the other 
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Fig. 10. Pseudo-first-order (a) and pseudo-second-order (b) kinetics for the adsorption of Nap onto EWB.

Table 6
Kinetic parameters of Nap adsorption over EWB

Pseudo-first-order 
equation parameters

Pseudo-second-order 
equation parameters

k1 (min–1) 0.021 K2 (mg/g·min) 0.001
qe (mg/g) 2.600 qe (mg/g) 0.210
R2 0.930 R2 0.991

Fig. 11. Langmuir (a) and Freundlich (b) isotherms for the adsorption of Nap onto EWB.

Table 7
Nap adsorption isotherm parameters with their corresponding 
correlation coefficients

Langmuir isotherm  
parameters

Freundlich isotherm 
parameters

qm (mg/g) 0.164 N 0.988
k1 0.395 Kf 1.834
R2 0.989 R2 0.965

Table 8
Thermodynamic parameters of EWB at different temperatures

Temperature 
(K)

Nap

ΔG° (kJ/mol) ΔH° (kJ/mol) ΔS° (J/K·mol)

293 –8.05

–38.53 –102.82
313 –5.61
333 –4.96
353 –2.89397
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hand, denotes a spontaneous adsorption process in which 
randomness increases. These findings concur with those 
presented in the literature [9].

3.6. Mechanisms of Nap adsorption

According to the parameters of the solution, the adsor-
bent surface properties, and the kind of the adsorbate, 
biochar typically absorbs contaminants from aqueous 
solutions. There have been several proposed methods by 
which the functional groups on the carbon surface may 
influence the adsorption process from aqueous solu-
tion: hydrogen bonding, interaction of electron donors 
and acceptors as well as π–π dispersive interactions [9]. 
According to Lyklema [32], the process used to adsorb 
PAHs from aqueous solution is essentially an exchange 
one. Because of this, it has been suggested that the adsorp-
tion of organic compounds on the surface of EWB involves 
a complex interaction between electrostatic and disper-
sion interactions, particularly in the case of weak organic 
electrolytes. However, because Nap are not thought to 
be electrolytic, van der Waals dispersive interactions and 
intermediate hydrogen bonding have emerged as the two 
primary mechanisms put forth in the literature. The mech-
anism of adsorption of Nap by EWB is given in Fig. 12.

3.7. Comparison of adsorption potential of different adsorbents

Table 9 provides a comparison of the adsorption perfor-
mance of the various adsorption media published in the lit-
erature and the EWB, for the adsorption of Nap. The choice 
of adsorbent for water treatment applications depends on 
a variety of parameters, including efficiency, nontoxicity, 
availability of material, reusability, and flexibility. With an 
adsorption effectiveness of >95% for Nap, EWB demonstrates 
considerable promise for applications in water treatment.

3.8. Desorption and reusability

Desorption and regeneration of adsorbents are crucial 
components of adsorption processes because they govern 
the economics of water treatment technology. In this study, 
deionized water and 0.1 M HCl was used for the desorp-
tion experiment. The spent EWB was added to 0.1 M HCl 
and was agitated for 30 min, the EWB was then recovered 
by filtration followed by drying in oven. The dried, cleaned 
EWB was then used to absorb a new batch of wastewater. 

Table 9
Comparison of different adsorbents used for Nap adsorption

Materials PAHs removal 
efficiency (%)

References

Clinoptilolite Nap (100) [33]
Activated carbon bed Nap (98.1) [34]
Activated carbon Nap (97) [35]
Coke-derived porous 
carbon

Nap (>99 for all 
PAHs)

[36]

EWB Nap (98.65) This article

Fig. 12. Mechanism of Nap adsorption onto EWB.

Fig. 13. Regenerating efficiency of EWB.
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EWB may be reused, according to regeneration studies that 
were conducted in batches using 100 mL of VWW (Fig. 13).

4. Conclusion

Herein, we provide a simple method for the prepara-
tion of EWB from eucalyptus wood waste. The prepared 
EWB can be severed as an efficient adsorbent to remove 
Nap from VWW (>95%). The large specific surface area of 
EWB provides sufficient active adsorption sites for Nap. 
In addition, a thorough investigation of the external fac-
tors affecting the adsorption performance was also car-
ried out. The results showed that EWB had high removal 
efficiency and enhanced reusability. The result shows that 
EWB has the highest removal efficiency of Nap from VWW 
(>95%). The outcomes demonstrate that the pseudo-sec-
ond-order rate equation may accurately replicate the rate 
of Nap adsorption by EWB. The experimental results and 
the Langmuir isotherm model correlate well, pointing to a 
monolayer adsorption mechanism. The values of thermo-
dynamic parameters such as ΔS°, ΔG° and ΔH° show that 
the adsorption process is spontaneous and exothermic in 
nature. The results of this study demonstrate the poten-
tial of EWB as a potential adsorbent to efficiently adsorb 
Nap from VWW. The current research demonstrates to be 
a milestone in the reduction of environmental pollution as 
far as wastewater reduction is concerned. In future work, 
we plan to examine the adsorption efficiency of EWB for 
various organic and inorganic pollutants.
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