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ARTICLE INFORMATION ABSTRACT

Heavy metal contamination in water presents a critical environmental challenge,
Received: 19t May 2025 necessitating effective and sustainable solutions. This study explores the us.e of
Revised: 9t July 2025 natural corn husk as an adsorbent for lead (I} removal from aqueous solutions.
Accepted: 12th July 2025 The corn husk was processed by drying, crushing, and sieving through a 75 um

mesh screen, followed by characterization using scanning electron microscopy
(SEM), Fourier-transform infrared (FTIR) spectroscopy, and Brunauer-Emmett-

Keywords: Teller (BET) analysis. Batch adsorption experiments were conducted to investigate
Adsorption the effect of adsorbent dosage on the isotherms and kinetics of lead (Il) removal.
Dosage The results revealed that the percentage removal of lead increased with both
Isotherms adsorbent dosage and contact time, achieving equilibrium at 105 minutes. The
Kinetics highest removal efficiencies were 73%, 93%, and 96% for dosages of 0.5 g/L, |
Lead g/, and 1.5 glL, respectively. However, the adsorption capacity decreased with
Corn husk increasing dosage, from 111.72 mglg to 49.06 mglg. FTIR analysis confirmed the

presence of functional groups such as hydroxyl, carboxyl, and ether groups, which
contributed to the adsorption mechanism through chemisorption. Similarly, BET
results showed a high surface area of [14.55 m?*/g with microporous
characteristics, while SEM micrographs revealed a dense, rough, and porous
morphology with well-distributed active sites. Furthermore, Isotherm analysis
demonstrated that the Langmuir model provided the best fit across all dosages,
indicating monolayer adsorption with maximum adsorption capacities (qm) ranging
from 85 mglg to 178.57 mglg. Separation factor (R values of 0.2 and 0.19 at
lower dosages indicated favorable adsorption conditions, while R, = 0 at 1.5 g/L
suggested irreversible adsorption. Kinetic studies confirmed the pseudo-second-
order model as the most accurate across all dosages, highlighting chemisorption
as the rate-determining mechanism. These findings underscore the significant role
of adsorbent dosage in adsorption efficiency and provide insights into optimizing
isotherms and kinetics for lead removal using corn husk.

© 2025 Faculty of Engineering, University of Maiduguri, Nigeria. All rights reserved.

1.0 Introduction

Heavy metal contamination, particularly lead, in water sources present a global challenge due to its profound
health and environmental repercussions (Wang et al., 2022). Lead, a non-biodegradable and highly toxic metal,
infiltrates aquatic ecosystems primarily through industrial discharges such as those from battery manufacturing,
mining operations, metal finishing processes, and electronic waste recycling (Adeogun et al., 2010; Moyo et al.,
2013;). Even trace amounts of lead exposure pose significant risks, including neurological impairments, renal
dysfunction, and developmental disorders, underscoring the critical need for its efficient removal from aqueous
media (Kumar et al, 2024; Zafar et al, 2024). In recent years, biosorption has gained significant attention as a
cost-effective and eco-friendly approach for removing heavy metals from contaminated environments (Khalid
et al, 2023; Reti et al, 2024; Wang et al,, 2024). Notably, agricultural waste, due to its availability and low cost,
has emerged as a promising adsorbent in biosorption processes (Moosa et al, 2016; Ayari et al., 2018).
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Among agricultural byproducts, corn is one of the world’s most widely cultivated crops and has emerged as a
valuable resource for addressing environmental challenges through its conversion into adsorbents (Aguilar-
Arteaga et al, 2022; Low et al,, 2022; Onyekwere et al, 2024). Corn cultivation generates substantial amounts
of agricultural residues, including corn husk, which are often discarded or underutilized. Corn husk, primarily
composed of cellulose, hemicellulose, and lignin, is rich in functional groups such as hydroxyl and carboxyl,
which facilitate the binding of metal ions (Moyo et al., 2013; Ratna et al, 2022; Enawgaw et al., 2023).

Given its physicochemical characteristics, corn husk is a promising material for the removal of lead from
aqueous systems. Several studies (Guyo et al., 2015; Mireles et al, 2019; Assirey and Altamimi, 2021; Chen et
al, 2022; Sawant et al, 2022; Phaenark et al, 2023) have reported its efficacy in lead biosorption, yet critical
aspects of the adsorption mechanism remain underexplored In particular, the influence of adsorbent dosage
on the kinetics and equilibrium behavior of lead biosorption has not been thoroughly investigated. Adsorbent
dosage plays a fundamental role in determining the availability of binding sites and influences the dynamic
interaction between adsorbent and adsorbate. At higher dosages, aggregation or saturation effects may alter
surface properties, potentially affecting both adsorption capacity and model applicability (Ezeh et al, 2017;
Aniagor et al, 2022; Amaibi et al, 2024).

In this study, the focus is placed on evaluating how varying corn husk dosages affect the kinetic profiles and
equilibrium isotherms of lead biosorption from aqueous solutions. The intention is to examine adsorption
dynamics using both pseudo first order (PFO) and pseudo second order (PSO) kinetic models, alongside
Langmuir and Freundlich isotherms, across a range of dosages. By systematically assessing these relationships,
the study seeks to clarify the role of dosage in controlling biosorption behavior and improve understanding of
how dosage-dependent mechanisms influence metal uptake processes.

2. Materials and Method
2.1 Materials and Analytical Equipment

The reagents and main apparatus utilized in this study include the following: analytical-grade lead chloride
(Sigma-Aldrich, Germany), corn husk sourced from CDA (BUK), a crusher (220-240V Crusher, China), a
scanning electron microscope (Phenom ProX, ThermoFisher Scientific, USA), and equipment for Brunauer-
Emmett-Teller (BET) analysis (Nova | 1.03A, USA). A Fourier transform infrared (FTIR) spectrophotometer
(Spotlight 200i, PerkinElmer, USA), a 0.45 pm filter (Whatman, UK), and an atomic absorption spectrometer
(AAS) (PinAAcle 900H, PerkinElmer, USA) were also employed.

Additional instruments included a pH meter (ST2100-B, Ohaus, USA), an orbital shaker (Joanlab OS-20,
China), an oven (Genlab Ltd., England), a mesh sieve (Kelsons, India), and a weighing balance (Ohaus SP202,
Scout Pro, USA). Distilled water used throughout the experiments was produced using a water distiller (SZ-
96, Mon Scientific, Nigeria). Other essential items included a stopwatch and standard laboratory glassware.

2.2 Collection and Preparation of Adsorbent

Corn husk was sourced from the Centre for Dryland Agriculture (CDA) at Bayero University Kano. It was
thoroughly washed with distilled water to remove dirt and impurities, followed by sun drying for two days.
The husk was then further dried in an oven at 105°C for 24 hours. After drying, the husk was crushed, ground,
and sieved to produce a fine powder with an average particle size of approximately 150 um. These preparation
conditions were adopted based on established protocols reported in the studies like Mukhlish et al. (2023),
Said et al. (2024) and Erdem and Oner (2025). The resulting corn husk powder was stored in an airtight
polyethylene bag at room temperature until it was needed for use.

2.3 Characterization of the cornhusk adsorbent

The physicochemical properties of the corn husk adsorbent were evaluated using standard analytical
techniques. Scanning Electron Microscopy (SEM) coupled with Energy-Dispersive X-ray Spectroscopy (EDX)
was employed to examine the surface morphology and elemental composition of the material, following the
procedures outlined by Goldstein et al. (2017). The functional groups present on the adsorbent surface were
identified through Fourier Transform Infrared Spectroscopy (FTIR) in the range of 4000-600 cm™', as
described by Coates (2000). The specific surface area and pore size distribution were determined using
Brunauer—Emmett—Teller (BET) analysis, with sample preparation and data interpretation performed in
accordance with the guidelines provided by Sing et al. (1985).
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2.3 Biosorption Adsorption Studies

Batch adsorption studies were conducted following the methods outlined by Chen et al. (2022) and Batool et
al. (2018). A synthetic solution containing 100 mg/L of lead (Il) chloride was initially prepared using distilled
water. The experiments were designed to vary one parameter at a time while maintaining others constant.
Specifically, two process parameters namely contact time and adsorbent dosage, were tested at three levels,
with pH, temperature, and agitation rate held constant as detailed in Table |.

Table I: Experimental Design for Removal of Lead from aqueous solution

Run Dosage Time Frequency of sampling
I 0.5¢/L 120 mins I5 mins
2 1.0 g/L 120 mins I5 mins
3 [.5¢g/L 120 mins I5 mins

For each experimental run, 80 mL of the synthetic solution was combined with a specified amount of the
prepared adsorbent in a 120 mL bottle flask. Eight bottles were used per run, with one bottle sacrificed every
I5 minutes to facilitate time resolved sampling, allowing for the measurement of concentration changes over
the course of the experiment. The bottles were agitated on an orbital shaker at a constant speed of 175 rpm
under room temperature conditions. At each designated sampling interval, the solution was filtered through
a 0.45 pm filter paper, and the residual metal concentration in the supernatant was determined using an
Atomic Absorption Spectrophotometer.

The percentage of metal ion removal and adsorption capacity of the adsorbent (metal uptake) was calculated
using Equations | and 2 respectively.

_ (Ci=Cp)

Removal (%) = — X 100 I

V(Ci—C
. = (Mf) 2

Where C; (mg/L) is the initial adsorbate concentration, C¢ (mg/L) is the final adsorbate concentration, g,
(mg/g) is the amount of metal ion adsorbed per unit mass of adsorbent, V (L) is the solution’s volume and M
(g) is the amount of the adsorbent.

2.5 Determination of Biosorption Isotherms

The adsorption isotherm of lead in this study was analyzed using Langmuir and Freundlich models. The
Langmuir and Freundlich models used are presented in equation (3) and (4) respectively (Sutirman et al,, 2018).

Ce_ 1  Ce 3
de N Krqm  am
logq. = logKg +%log C. 4

Where ¢, is adsorption capacity at equilibrium (mg/g), q,, is the maximum capacity at equilibrium (mg/g), K.
is the Langmuir constant related to the affinity of the binding site (I/mg), Ce is the adsorbate equilibrium
concentration (mg/L), Kr and I/n are Freundlich constants related to adsorption capacity and affinity of the
binding site respectively.

2.6 Determination of Biosorption Kinetics

The kinetics of the metals adsorption was studied using two models: pseudo first order (PFO) and pseudo
second order (PSO) using equations (5) and (6) respectively (Zhang et al, 2013).

k
log(qe — q¢) =logqe — 5505t 5

t 1

1
L= 4+ =t 6
a  k2q.%  qe
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Where, q, is adsorption capacity at equillibrium (mg/g), q; (mg/g) is the adsorption capacity at any given time
t (s), k1 (s') and k, (s') are the rate constant of pseudo-first-order and pseudo-second-order respectively.

3. Results and Discussion

3.1 SEM Results

The SEM micrograph of corn husk in Plate | reveals a distinctively rough and fibrous surface morphology
characterized by mountainous textures and irregular ridges. This can be attributed to its inherent
lignocellulosic composition, primarily consisting of cellulose, hemicellulose, and lignin. This structural nature is
consistent with the findings of Kambli et al. (2016), who noted that the limited presence of encrusting
substances in corn husk fibers contributes to their distinctly rough and irregular surface texture. While no
visible macropores were observed at the imaging scale, the material’s heterogeneous and coarse surface
suggests the possible presence of micropores, which are not easily detectable via conventional SEM. This rough
texture significantly increases the external surface area and provides numerous micro-scale crevices and
binding sites, enhancing the potential for lead ion attachment.

Fw HV  Int. Det. 2023-01-09 13:40
x 269um Skv Map BSD Full

Plate 1: SEM of natural corn husk at 1000x magnification

The structural ruggedness and physical integrity of the corn husk further indicate a material capable of
withstanding mechanical stress during adsorption processes. These features are critical in supporting both
physical adsorption and chemisorption, driven by the availability of surface functional groups such as hydroxyl
and carboxyl moieties. The surface topography, rather than visible porosity, appears to be the dominant
contributor to its biosorptive behavior. This interpretation aligns with findings by Arunakumara et al. (2013)
and Ponce et al. (2021), who similarly noted that surface roughness and the potential for microporosity play
essential roles in the adsorption efficiency of lignocellulosic biosorbents. Therefore, the observed
microstructural characteristics affirm the suitability of corn husk as a sustainable and effective biosorbent for
lead removal from aqueous solutions.

The elemental composition determined through EDX analysis reveals the presence of C, O, K, P, Mg, Cl, Ca,
and Si, as shown in Figure |. The adsorbent in this study exhibits a carbon content of 50%, further confirming
that corn husk is rich in lignite. This observation aligns with the findings of Reddygunta et al. (2023) and Ismail
et al. (2022), who reported carbon contents of up to 47% and 55%, respectively, in corn husk. According to
Danish et al. (2018), materials with carbon content ranging from 50% to 90% are classified as lignite-rich and
are well-suited for activated carbon production. The carbon content observed in this study surpasses the
values reported in other studies such as Kwaghger and Ibrahim (2013) and De Bouanzi et al. (2024), highlighting
the superior composition of the corn husk used in this research. Additionally, the substantial surface oxygen
atoms present in the corn husk adsorbent enhance their reactivity with adsorbed metal ions like lead,
promoting a higher biosorption efficiency. This improved activity aligns with the Mars—van Krevelen (MvK)
mechanism frequently associated with metal-oxides, as suggested by Dey et al. (2021).
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Figure |: EDX spectra of natural corn husk adsorbent
3.2 FTIR (Fourier Transform Infrared) Spectroscopy Analysis

The FTIR spectrum of corn husk in Figure 2 reveals an array of functional groups that are essential for its
biosorption capabilities, highlighting its suitability as a natural adsorbent for heavy metal removal. The broad
and intense peak at 3324.8 cm™' corresponds to O-H stretching, a hallmark of hydroxyl groups that are
abundant in the lignocellulosic components of corn husk, namely cellulose, hemicellulose, and lignin. These
hydroxyl groups play a pivotal role in metal ion binding by forming hydrogen bonds and chelating with lead
ions.
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Figure 2. FTIR spectra of natural corn husk adsorbent.

The peak at 2822.2 cm™' is attributed to C-H stretching vibrations, characteristic of aliphatic hydrocarbons or
methylene groups, which indicate the presence of organic structural elements derived from lignin and other
plant based compounds (Ray and Gupta, 2013; El-Araby et al,, 2017; Magoling and Macalalad, 2017; Chizoruo
et al, 2019)

A smaller peak at 2035.1 cm™, associated with C=C or C=N stretching, suggests the presence of alkynes or
nitrile groups, possibly introduced during environmental exposure or chemical treatments. The pronounced
peak at 1722.0 cm™ corresponds to C=0O stretching, representing carbonyl groups from carboxylic acids,
esters, or ketones. These carbonyl groups are crucial in adsorption as they offer electron-rich sites for
interaction with lead ions. At 1636.3 cm™, the spectrum shows C=C stretching or H-O-H bending, indicative
of aromatic lignin structures or adsorbed water molecules, which contribute to the surface reactivity and
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facilitate ion exchange mechanisms. The peak at 1319.5 cm™, attributed to C-H or O-H bending, is associated
with alcohols, phenols, or polysaccharides, further emphasizing the reactive nature of the corn husk.
Meanwhile, the peaks at 1155.5 cm™ and 1028.7 cm™ correspond to C-O-C and C-O stretching vibrations,
respectively, reflecting the presence of ether bonds and glycosidic linkages in cellulose and hemicellulose.
These bonds provide structural integrity and additional binding sites for metal ions. The combination of these
functional groups like hydroxyl, carbonyl, carboxyl, and ether creates a highly reactive surface on the corn
husk, enriched with active sites for metal ion binding (Moosa et al,, 2016; Sun et al, 2016; Dodevski et al,, 2017;
El-Araby et al, 2017; Lawal et al, 2017; Assirey and Altamimi, 2021).

3.2 BET (Brunauer-Emmett-Teller) Analysis

The BET method was utilized to determine the surface area, pore volume, and pore size of the blended
adsorbent, which are key parameters affecting its adsorption efficiency. Table 2 summarizes these properties
for the corn husk adsorbent, which exhibited a BET surface area of 114.55 m?/g. Although the majority of
reported studies (Moosa et al, 2016; Ayari et al, 2018; Akram et al, 2019; Bouzidi et al, 2021; Tigori et al,
2023) indicate that raw biosorbents, particularly those derived from lignocellulosic agricultural residues similar
to the one used in this study, generally possess low Brunauer—-Emmett—Teller (BET) surface areas typically
below 30 m?%/g, the biosorbent in this work underwent a controlled oven-drying process at approximately
104 °C for 24 hours. While this treatment does not involve chemical or thermal activation in the conventional
sense, it does constitute a form of mild thermal pre-treatment. Such drying may contribute to a modest
increase in surface area as several previous studies have reported unexpectedly high surface areas exceeding
100 m?/g for biosorbents that were not chemically activated, but rather subjected only to oven-drying or
minimal processing. For example, recent studies have shown that certain unactivated agricultural biosorbents
can exhibit high BET surface areas even without chemical or thermal activation. Specifically, sorghum
husk and groundnut shell, when simply oven-dried and ground, have demonstrated BET surface areas
of 139.5 m*/g and 302.5 m?/g, respectively, as reported by Hammari et al. (2022). These findings suggest that
in certain cases, natural plant structure and internal porosity, when preserved and mildly altered through oven
drying, may be sufficient to yield relatively high surface areas even in the absence of formal activation processes.
The high surface area reported in this study provides a greater number of active sites, enhancing the interaction
with contaminants such as heavy metals. This result underscores the effectiveness of the preparation method
and the adsorbent's applicability for water treatment and heavy metal removal.

Table 2: BET results of natural corn husk adsorbent

Properties Values
BET surface area (m?/g) 114.5
BH) pore volume (cm3/g) 0.075
BH]J pore diameter (nm) 1.853

The pore volume and diameter of the adsorbent, measured using the Barrett, Joyner, and Halenda (BJH)
method, were 0.075 cm?/g and 1.853 nm, respectively. Pore size distribution analysis revealed that the
adsorbent predominantly exhibited microporous characteristics. Micropores, typically less than 2 nm in
diameter, significantly enhance adsorption capacity by providing many active sites and a high surface area for
interaction at the molecular level (Centeno et al,, 2003). Given the molecular size of lead ions (0.175 nm), they
can easily penetrate and diffuse within the microporous structure of the adsorbent. This compatibility
facilitates close interaction between the lead ions and the active sites, enabling efficient mechanisms such as
ion exchange, physical adsorption, and chemisorption. These findings affirm the suitability of the corn husk
adsorbent for effective lead removal from contaminated water.

3.4 Biosorption Studies
3.4.1 Effect of Contact Time and Dosage on Lead removal
The effects of adsorbent dosage and contact time on the percentage removal and adsorption capacity of lead

(Pb) using natural corn husk are illustrated in Figure 3. The data demonstrate a clear trend where the
percentage removal of lead increases with both contact time and adsorbent dosage.
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Figure 3: Effect of Dosage and Contact time on (a) lead removal and (b) adsorption capacity of corn husk
adsorbent

Lead removal increased consistently and reached equilibrium within 105 minutes across all three runs with
varying dosages. At a dosage of 0.5 g/L, the highest percentage removal was 73%. This efficiency improved
significantly with increased dosages, reaching 93% at | g/L and 96% at 1.5 g/L. The figures also reveal that the
adsorption process was rapid during the initial 60 minutes, attaining substantial removal rates before slowing
down. This initial rapid phase can be attributed to the availability of ample external surface area on the
adsorbent, facilitating fast adsorption kinetics. The slower phase that followed suggests the onset of internal
diffusion as the rate-determining step, consistent with the findings of Li et al. (2008). This trend aligns with
similar observations in prior studies (Rengaraj et al, 2002; Mishra and Patel, 2009; Babalola et al, 2016;
Alghamdi et al,, 2019; Amaibi et al,, 2024).

The results further show an inverse relationship between adsorption capacity and adsorbent dosage. The
adsorption capacity decreased from | || mg/g at 0.5 g/L dosage to 49 mg/g at 1.5 g/L dosage. This phenomenon
is supported by several studies (Shukla et al,, 2002; Li et al,, 2013; Babalola et al,, 2016; Ezeh et al., 2017; Amaibi
et al, 2024), which suggest that increasing adsorbent dosage introduces more active sites, but the amount of
lead ions adsorbed per unit mass of the adsorbent decreases. This reduction occurs as the ratio of available
lead ions to the adsorbent mass decreases, leading to underutilization of the adsorbent's active sites.
Additionally, higher dosages may result in overlapping or aggregation of adsorption sites, reducing the effective
surface area and increasing diffusion path lengths (Ahluwalia and Goyal, 2007; Aniagor et al, 2022). The
aggregation of particles at higher dosages could also contribute to reduced surface area, as noted by Hashem
et al. (2024).

At higher dosages, the introduction of more active sites does not proportionally enhance adsorption efficiency
due to a reduction in the driving force of the concentration gradient, as explained by Jain et al. (2019). The
splitting of the available adsorbate concentration among the excess active sites further diminishes the
adsorption per gram of adsorbent. This decline is consistent with the fundamental adsorption equation
(Equation 2), which relates the concentration gradient and adsorbent mass, showing the interplay between
the numerator and denominator. These findings collectively highlight the importance of optimizing adsorbent
dosage to balance percentage removal and adsorption capacity effectively.

3.4.2 Adsorption Isotherms

The effect of adsorbent dosage on adsorption isotherms provides critical insights into the adsorption behavior
and efficiency of the corn husk adsorbent for lead removal. In this study, both the Langmuir and Freundlich
isotherm models were analyzed across different adsorbent dosages (0.5 g/L, | g/L, and |.5 g/L), revealing
notable trends that illustrate how dosage impacts the adsorption process. The linearized forms of the Langmuir
and Freundlich isotherms, derived using equations 3 and 4, are presented in Figure 4, with their corresponding
correlation coefficients (R?) and model parameters summarized in Table 3. Equilibrium isotherm parameters
are essential for understanding the sorption mechanism, surface characteristics, and adsorption affinity of the
adsorbent.

Corresponding author’s email address: aarasheed.cpe@buk.edu.ng 708



http://www.azojete.com.ng/
mailto:aarasheed.cpe@buk.edu.ng

Arid Zone Journal of Engineering, Technology and Environment, June 2025; Vol. 21(3): 702-716. ISSN 1596-2490; e-ISSN2545-5818; www.azojete.com.ng

0.5 ©0.5g/L 30 1 G05gL
ml m1.0g/L
gk 2.5 ¢ y =-0.231x + 2.0292
0.4 *1.5g/L *15¢g/L R?=0.9327
% ° % 2.0 . Sy
=03 y = 0.0056x + 0.0294 ¢ C D T %
Pt R =0.9354 y=0.00s9x+0.0294)| & 5 Ry
B y=0.0117x + 0.0001 R?=0.9946 g * y=-0.8374x + 3.1713
2= -
0.2 R 0.9637' = = y=-0.0898x + 1.731 R?=0.9576
i 1.0 R? = (.8982
0.1 ‘0. ] 05
o
0 0.0
0 10 20 30 40 50 0.0 0.5 1.0 1.5 2.0
Ce (mg/L)) log Ce
(a) (b)

Figure 4: Adsorption isotherms of (a) Langmuir (b) Freundlich models for lead removal on Corn husk

Table 3: model parameters for lead at different dosages using Langmuir and Freundlich models

Langmuir Freundlich
Dosage (g/L)

R? K. (L/mg) Ro R n Ks (L/g)
0.5 0.9946 0.20 0.06 0.9576 -1.19 1479.11
I 0.9354 0.19 0.07 0.9327 -4.33 107.15
1.5 0.9637 17 0 0.8982 -11.24 53.70

The Langmuir isotherm assumes adsorption occurs on a homogeneous surface through monolayer adsorption
without interactions between adsorbed molecules. In contrast, the Freundlich isotherm describes non-ideal
sorption on heterogeneous surfaces (Eze et al, 2017; Amaibi et al,, 2024). The results in Table 3 show that the
Langmuir isotherm exhibited higher correlation coefficients (R* = 0.99, 0.93, and 0.96 for 0.5 g/L, | g/L, and
1.5 g/L, respectively) than the Freundlich model (R? = 0.95, 0.93, and 0.85). Moreover, the Freundlich model
showed negative values for the intensity parameter (n), suggesting a poor fit. These findings indicate that the
Langmuir model better describes the adsorption process at all dosages studied, implying that the adsorption
mechanism involves monolayer sorption on a homogeneous surface. The Langmuir isotherm also provided
maximum monolayer adsorption capacities (qm) of 169.49 mg/g, 178.57 mg/g, and 85 mg/g for dosages of 0.5
g/L, | g/L, and 1.5 g/L, respectively. This trend suggests that as the adsorbent dosage increases, the amount of
lead ions adsorbed per unit mass of adsorbent decreases as already mentioned previously. The decrease in gm
and adsorption capacity with increasing dosage reflects a limitation in adsorption efficiency due to
underutilization of active sites and possible aggregation of particles. For practical applications, it is essential to
optimize the adsorbent dosage to achieve a balance between maximizing percentage removal and maintaining
high adsorption capacity per unit mass.

The values obtained in this study are comparable to or exceed those reported for other agro-based adsorbents
used for lead removal, such as those documented by Sekar et al. (2004), Imamoglu et al. (2008), Boudrahem
et al. (2009), Martin-Lara et al. (2010), and Moyo et al. (2013). This highlights the corn husk's efficiency as an
adsorbent.

The essential features of the Langmuir isotherm can be expressed in terms of a dimensionless constant
separation factor (R()

1
R = (1+(KLC)

where C; is the initial metal ion concentration in(mg/L) and K, is the Langmuir equilibrium constant (L/mg).
The separation factor derived from the Langmuir model, provides critical information about the nature of the
adsorption process. Adsorption is considered irreversible when R.= 0, favorable when (0 < R_ < 1), linear
when RL = | and unfavorable when R.> | (Tseng et al., 2010; Sun et al., 2013). In this study, the R. values for
0.5 g/L and | g/L dosages were 0.2 and 0.19, respectively, indicating favorable adsorption of lead on corn husk.
However, at a higher dosage of |.5 g/L, the R. value was zero, signifying that the adsorption process was
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irreversible and overly strong. This indicates that at high dosages, the availability of an excessive number of
active sites leads to near-complete binding of lead ions, with minimal reversibility aligning with the findings of
Meroufel et al. (2013) and Balarak et al. (2017). These results further support the suitability of corn husk as an
effective and sustainable biosorbent for heavy metal removal from aqueous solutions.

3.4.3 Adsorption Kinetics

Figure 5 presents the linearized plots of the PFO and PSO kinetic models for the adsorption of lead ions onto
corn husk at varying adsorbent dosages. Model parameters and correlation coefficients (R?) are summarized
in Table 4 to aid interpretation.

The PSO model shows an excellent fit to the experimental data, with R? values of 0.96, 0.98, and 0.99 for
adsorbent dosages of 0.5 g/L, 1.0 g/L, and 1.5 g/L, respectively. In contrast, the PFO model exhibits
comparatively lower R? values of 0.87, 0.93, and 0.89, indicating that it does not adequately describe the
adsorption kinetics under the studied conditions.

y=0.0124x + 0.1893
2 ¥ =-0.0102x + 1.8964 *0.5¢/L 2 e0.5g/L T = 09595
R?=0.876 mlgl mlgL o
® e *¢15gL *+1.5g/L
. T ¢
L5 o 15 y=0.02x + 0.0784
E - J ® RE=0991 o .
: ° . - R
@ ) ° ] ol
! " ¢ g1 ®

¥ ¢ = oo °

= .. B y=-0.0186x + 1.8048 S g "

R?= 0.9364 g .
0.5 . 0.5 e "
y=-0.0143x + 11516 § y =0.0076x + 0.1913
R?=0.888 a - R? =0.9625
0 0
0 20 40 60 80 100 20 40 60 80 100
Time (min) Time (min)
(a) (b)

Figure 5: Adsorption kinetic models (a) PFO (b) PSO models for lead removal on Corn husk

Table 4: Correlation coefficient and other model parameters for lead removal at different dosages using
Pseudo-first order and Pseudo-second order models

Pseudo-first order

Pseudo-second order

D /L

0.5 0.876 0.023 78.7 0.9625 0.0003 131.6
I 0.9364 0.043 63.1 0.9898 0.0008 80.6
1.5 0.888 0.033 14.2 0.9991 0.0051 50.0

Importantly from Figure 5, the adsorption capacities predicted by the PSO model were observed to decrease
with increasing adsorbent dosage. The adsorption capacities predicted by the PSO model (qe ) were 131.57
mg/g, 80.65 mg/g, and 50 mg/g for 0.5 g/L, | g/L, and |.5 g/L dosages, respectively. These values closely match
the experimental equilibrium adsorption capacities (qe) of |11.72 mg/g, 70.56 mg/g, and 49.06 mg/g, further
validating the applicability of the PSO model. On the other hand, the adsorption capacities predicted by the
PFO model (78.79 mglg, 63.09 mgl/g, and 14.2 mg/g) deviate significantly from the experimental values,
confirming its inadequacy in describing the adsorption process.

The dominance of the PSO model indicates that the adsorption of lead onto corn husk is likely governed by
chemisorption, which involves electron sharing or exchange between lead ions and the active functional groups
on the adsorbent surface. This chemisorption mechanism is supported by FTIR analysis, which revealed the
presence of functional groups such as hydroxyl, carboxyl, and ether groups, known for their high affinity for
heavy metal ions. Chemisorption implies that the process is not solely surface-dependent but also involves
strong, irreversible interactions between the adsorbate and the adsorbent. This observation aligns with
previous findings by Badmus et al. (2007), Adeogun et al. (2010), Das and Mondal (2011), Robati (2013), Tan
et al. (2020), and Revellame et al. (2020).
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The findings of this study underscore the importance of optimizing adsorbent dosage for effective lead removal
and highlight the potential of corn husk as a sustainable, efficient adsorbent for heavy metal remediation. The
applicability of the PSO model provides a robust scientific foundation for employing agricultural waste-derived
adsorbents in environmental cleanup efforts, consistent with the studies by Celebi and Gok (2017) and Futalan
et al. (2019). The effect of dosage on kinetics highlights the interplay between adsorption rate and capacity: at
low dosage where the adsorption process is highly efficient, with a higher proportion of active sites utilized
due to the high concentration gradient; and at high dosage where although the overall percentage removal
increases due to the greater number of active sites, the adsorption capacity per unit mass decreases, and the
kinetics slow down due to reduced driving force and site accessibility.

4. Conclusion

In conclusion, this study highlights the potential of using corn husk as an effective adsorbent for lead (lI)
removal from aqueous solutions, emphasizing the role of adsorbent dosage and contact time. The results
demonstrated percentage removal of lead increased with higher dosages and longer contact times, achieving
up to 96% removal at 1.5 g/L dosage and 105 minutes. Adsorption capacity decreased with increasing dosage,
from 111.72 mg/g at 0.5 g/L to 49.06 mg/g at 1.5 g/L, due to underutilization of active sites and particle
aggregation. However, adsorption capacity decreased with increasing dosage, attributed to underutilization of
active sites and particle aggregation. Characterization using FTIR, SEM, and BET confirmed the presence of
functional groups such as hydroxyl, carboxyl, and ether, a high surface area of 1 14.55 m?/g, and a microporous,
rough, and porous morphology, all contributing to the chemisorption mechanism. The Langmuir isotherm
model provided the best fit, indicating monolayer adsorption with maximum adsorption capacities ranging
from 85 mg/g to 178.57 mg/g. The separation factor (R.) values of 0.2 and 0.19 at lower dosages indicated
favorable adsorption conditions, whereas an R value of 0 at 1.5 g/L reflected irreversible adsorption behavior.
Kinetic studies validated the pseudo-second-order model, highlighting chemisorption as the rate-determining
step. While higher dosages improve overall removal efficiency, they reduce adsorption capacity per unit mass
and may lead to irreversible adsorption at extreme dosages.
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