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CHEMICAL ENGINEERING | RESEARCH ARTICLE

Bio-sorption of copper and lead ions in single and 
binary systems onto banana peels
Felicia O Afolabi1*, Paul Musonge2 and Babatunde F Bakare3

Abstract:  It is very rare to have the ions of only one metal ion in wastewater. 
Hence, the removal of copper and lead ions from aqueous solution in single and 
binary systems using natural banana peels was investigated in a batch mode. 
Banana peels were characterised using FTIR, which gave the functional groups 
present. The spectra of banana peels loaded with Pb(II) had a higher percentage 
transmittance after adsorption. The point of zero charge pHpzc of banana peel was 
found to be 4.83 which makes it suitable for the adsorption of cations. Kinetic and 
isotherm studies were carried out at a pH of 5.5, concentration range of 10–100 mg/ 
L, and adsorbent dosage range of 0.1–1 g. A pseudo-second order model is fitted to 
the kinetic data suggesting chemical adsorption. The Langmuir isotherm performed 
well with the experimental data which means adsorption occurred as a monolayer 
on the surface of banana peels. The maximum adsorption capacity of Pb(II) for 
Langmuir isotherm was 66.67 mg/g. This indicated that in the single system banana 
peels have more affinity for Pb(II) than for Cu(II). At higher concentrations, the 
experimental data for the isotherm study showed the effect of a competitive phe-
nomenon which affected only Cu(II) in the binary system. Natural banana peels are 
efficient agricultural waste materials that can be used for the treatment of waste-
water contaminated with copper and lead ions.
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1. Introduction
Pure and uncontaminated water has become a globally highly sought-after commodity in this 21st 

century. The earth surface contains more than 71% of water. However, according to the interna-
tional standard, less than 1% is suitable for drinking (N.B Singh et al., 2018). This is as a result of 
various contaminants that get into the waterbodies. Wastewater effluents from industrial activ-
ities, sewage sludge, agricultural activities, and environmental changes are the main sources of 
these pollutants. These pollutants include toxic heavy metals, dyes, pesticides, organic com-
pounds, and fertilizers. The presence of heavy metals in water poses a serious threat to human 
and aquatic life, as well as the environment. Toxic heavy metals include arsenic, cadmium, 
chromium, copper, lead, manganese, nickel and mercury (A. Singh et al., 2010; Nour T. Abdel- 
Ghani & El-Chaghaby, 2014; N.B Singh et al., 2018).

Among these pollutants, lead and copper are the most common heavy metals found in waste-
water. They have severe environmental impacts on the waterbodies worldwide (Iqbal & Khera, 
2015). These heavy metals are generated from industries, such as electroplating, electrolytic 
deposition, printing, pigments and explosives manufacturing, production of coatings, milling, and 
etching (Barakat, 2011). The presence of lead and copper ions in low concentrations of water is 
a risk to human life. This can result in various diseases (Gunatilake, 2015; Ahmed and 
Ahmaruzzaman 2016; N.B Singh et al., 2018). The World Health Organization has set permissible 
limits for lead and copper in drinking water at 0.01 and 2 ppm, respectively (WHO, 2003). The 
treatment of wastewater is therefore important as the international laws and regulatory agencies 
are becoming stricter on the implementation of effluent standards. However, most emerging 
industries might not be able to comply with these pollution control standards because of the 
high operational cost involve in removing the pollutants.

In order to remove the heavy metals, the wastewater is passed through treatment stages before 
being discharged into the environment, with each stage aimed at removing specific contaminants. 
This research work is focused on secondary effluent wastewater which has gone through treat-
ment in the municipal plant and contains heavy metals in lower concentrations than when it 
entered the municipal treatment works, but needs to be treated further to conform to the 
environmental rules and regulations. It is therefore important to develop efficient and low-cost 
techniques for the removal of these toxic heavy metals at this treatment stage. There are various 
methods of removing heavy metals from wastewater, such as coagulation, oxidation—reduction, 
chemical and electrochemical precipitation, ion exchange, and membrane separation (Semerjian, 
2018). These methods have drawbacks: high operational cost, high volumes of sludge generated, 
low selectivity, and imperfect removal of heavy metal ions, particularly when the metal ion 
concentration is low (Sadeek et al., 2015). Adsorption is an alternative technique for the removal 
of heavy metals from wastewater. It is more flexible, efficient and cost-effective, and guarantees 
complete removal at low concentrations.

Bio-sorption is the use of natural adsorbents for the removal of adsorbates from solution. These 
natural adsorbents are referred to as the bio-sorbent. They are derived from agricultural waste, 
industrial by-products, and biopolymers. Agricultural waste has been proven over the years to be 
efficient for the removal of heavy metals from wastewater as they contain functional groups, 
which can achieve maximum removal of the metal ions. Some of these agricultural wastes are pre- 
treated or modified to increase the adsorption capacity. These agriculture-based adsorbents are 
low-cost, readily available, easy to process, and can be regenerated (Iqbal & Khera, 2015; Zamani 
Beidokhti et al., 2019). Several bio-sorbents have been used for the removal of heavy metals, such 
as cabbage (M. A. Hossain et al., 2014), orange peel (Lugo-Lugo et al., 2012), moringa oleifera 
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seeds (Araujo et al., 2013), potato peels (Guechi et al., 2016), corn cob (Mahmoud, 2016) and palm 
tree leaves (Soliman et al., 2016).

Bio-sorption of single metal ions using agricultural waste has been studied extensively, and the 
isotherm models for mono-metal ion bio-sorption have been used to characterize the adsorption 
process. Less focus has been given to multi-metal ion bio-sorption systems. It is very rare to have 
just a single metal ion in wastewater; hence, research studies have recently focused on systems 
containing two or more metal ions (Iqbal & Khera, 2015; Martín-Lara et al., 2016; Medellin-Castillo 
et al., 2017). These studies have explained the effects of coexistence of metal ions relating to the 
adsorption capacity of the metal ions involved and the affinity of the bio-sorbent used for each of 
the metal ions. Therefore, the modelling, interpretation and presentation of the multi-metal ion 
system adsorption mechanism is more complex than that of the single metal ion system due to 
the competitive affinity of the metal ions for the active-binding sites (Walton & Sholl, 2015).

The present study aims to investigate the equilibrium characteristics and kinetics of bio-sorption 
of copper and lead in both single and binary systems using banana peels. Banana is a fruit that is 
mostly consumed in large quantities worldwide. However, the discarded unwanted peels also 
contribute significantly to the waste generated from domestic, market and food industry garbage. 
Banana peels consist of cellulose, hemicellulose, pectin, and lignin which are made up of functional 
groups such as the carboxyl, hydroxyl and amine groups. These functional groups are responsible 
for the performance of this bio-sorbent in the removal of metal ions from aqueous solutions. 
Although works have been reported on the bio-sorption of metal ions using banana peels 
(Arunakumara et al., 2013; Deshmukh et al., 2017; Mondal & Roy, 2018), those works have not 
dealt with the coexistence of metal ions in solution using this bio-sorbent is not significant, hence 
the focus of this study. Equilibrium and kinetic studies are important for industrial-scale design to 
determine the reaction times and the size of the columns.

2. Materials and method

2.1. Preparation of bio-sorbent and synthetic solution
The bio-sorbent used in this study was prepared as reported by (Afolabi et al., 2021). All the 
chemicals used were of analytical grade purchased from Laboratory Analytical Supplies Limited, 
South Africa. Stock solutions (1000 mg/L) of Pb(NO3)2 and Cu(NO3)2.3H2O were prepared. These 
stock solutions were also used for the mixture of the two metals for binary competitive adsorption. 
Different initial concentrations of the metal solutions were prepared by serial dilution of the stock 
solution. The solution pH was determined using a digital pH meter (edgepH HI 2002, USA) with the 
aid of a digital pH electrode with an integrated temperature sensor calibrated with a standard 
buffer solution. The pH of the solution was adjusted by adding drops of 0.1 M H2SO4 or 0.1 M NaOH.

2.2. Analytical instruments
Fourier transform infrared spectroscopy (FTIR) was used to determine the functional groups 
present in the banana peels before and after adsorption. The FTIR wavenumber and intensity 
were obtained from spectrum 10 software (Perkin Elmer). The batch experiments were conducted 
using the jar test equipment (JLT 6 jar test, VELP Scientifica Srl) while the composition of Pb(II) and 
Cu(II) in the aqueous solution after adsorption was analysed using a micro-plasma atomic emis-
sion spectrophotometer (MP-AES, MY 18,379,001, Agilent).

2.3. Batch adsorption
All the adsorption experiments were conducted at room temperature. Kinetic experiments were 
carried out with single and binary solutions of Cu(II) and Pb(II) at pH 5.5. For kinetic studies, the 
actual dosage of 1 g of the processed banana peels was added to 1 L solution containing either 
Cu(II), Pb(II) or a mixture of both solutes. The initial concentrations of Cu(II) and Pb(II) in each of 
the solutions were the same (10, 55 and 100 mg/L). The beakers containing the solutions were put 
in the jar test equipment which rotates at 180 rpm, and liquid samples were taken at intervals 
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(0.25, 0.5, 1, 2, 3, 4, 5, 6, and 24 h). The samples were filtered using Whatman grade 1 filter paper 
and then 0.25 µm syringe filters.

The single and binary adsorption isotherm experiments were carried out at a pH of 5.5. For the 
single solute, the experiments were conducted with 0.5 g of the processed banana peel in 
a solution containing either Cu(II) or Pb(II) with an initial concentration of 10, 25, 50, 60, 80, 
100, 125, 150, 180 and 200 mg/L. For the binary solute, the same amount of adsorbent dosage 
was used with the solution containing the mixture of Cu(II) and Pb(II), each having the same initial 
concentration as in the single solutes. The beakers were covered with foil paper and shaken for 2 h 
at 180 rpm, after which the supernatant portion was filtered using Whatman grade 1 filter paper 
and 0.25 µm syringe filters. All the isotherm experiments were conducted in triplicate, while the 
average of the values was reported. The samples were then analyzed to determine the amount of 
Cu(II) and Pb(II) remaining after adsorption. The quantity adsorbed was calculated using equa-
tion (1): 

qe ¼
Co � Ceð ÞV

m
(1) 

where qe (mg/g) is the quantity adsorbed at equilibrium, Co and Ce (mg/L) are the initial and final 
concentrations, respectively, V (L) is the volume of the solution and m (g) is the mass of the 
adsorbent used Figure 1.

2.4. Adsorption models

2.4.1. Adsorption kinetic studies
The kinetic study is used to determine the rate of the adsorption process. It explains the adsorp-
tion process with time. Therefore, for industrial scale, the reaction efficiency is a function of the 
rate of adsorption and the sorption capacity. Hence, a fast kinetic will require smaller columns 
while a slow rate of adsorption will necessitate a long column to achieve maximum adsorption 

Figure 1. Flow chart of research 
methodology.
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uptake. The pseudo-first- and pseudo-second-order kinetic models were employed to describe the 
adsorption mechanism of Cu(II) and Pb(II) onto banana peels. The pseudo-first order model is 
given in equation (2): 

log qe � qtð Þ ¼ log qe �
K1

2:303
t (2) 

The pseudo-second order model (equation (3)) is expressed as; 

t
qt
¼

1
K2q2

e
þ

1
qe

t (3) 

where qe and qt are the quantities adsorbed at equilibrium (mg/g) and at time t (h) respectively, K1 

is the pseudo-first order reaction rate constant (h) and K2 is the reaction rate constant of the 
pseudo-second order model (g mg−1 h−1).

2.4.2. Adsorption isotherm studies
Langmuir and Freundlich isotherm models are mostly used in adsorption studies to characterize 
the equilibrium of the adsorption process. The Langmuir isotherm model assumes a monolayer 
adsorption and an adsorption energy that is the same for all sites. The model equation is stated 
below: 

qe ¼
qmaxbCe

1þ bCe
(4) 

where qmax is the maximum adsorption capacity of the metal ion (mg/g); b is the Langmuir 
constant (L/mg); qe is the equilibrium adsorption capacity (mg/g) and Ce is the final metal 
concentration at equilibrium (mg/L). qmax and b can be obtained from the linear form of the plot of 
Ce/qe versus Ce as the intercept and slope, respectively. The Freundlich isotherm model assumes 
multilayer adsorption and the adsorption energy being distributed exponentially on the active 
sites. The model equation is as stated below (equation (5)). 

qe ¼ Kf C1=n
e (5) 

where qe is the equilibrium adsorption capacity (mg/g) and Ce is the equilibrium concentration (mg/ 
L). Kf and n are the Freundlich constants (L/g).

3. Results and discussion

3.1. Characterization of bio-sorbent

3.1.1. Physical properties of banana peels
The point of zero charge pHpzc of an adsorbent is the point at which the charge on the adsorbent 
becomes neutral. Figure 2 shows that the pHpzc of banana peel is 4.83, which implies that the 
surface of banana peel is acidic and therefore, favors the adsorption of cations. However, reports 
have also shown that banana peels can be used for the adsorption of both cations and anions 
when the pHpzc is close to neutral (Pathak et al., 2017).

3.1.2. FTIR spectroscopy analysis
The FTIR spectra of the banana peel before and after adsorption under both single and binary 
conditions were measured between 500 and 4000 cm −1 as shown in Figure 3. The FTIR spectro-
scopy is mostly used to identify the functional groups present on the surface of an adsorbent. The 
peaks close to 3400 cm−1 and 1500 cm−1 shown for all samples are identified as OH stretching, 
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peaks near 2950 cm−1 are observed to be CH stretching, the peak near 1750 cm−1 is C = O while the 
peak at 1615 cm−1 is assigned to C = C stretching band as similarly reported (Bhaumik & Mondal, 
2014; Deshmukh et al., 2017). There are similarities in the shape and band positions of the spectra 
of banana peel (Figure 3), after the single adsorption of the metal ions as well as the binary 
adsorption. The FTIR spectra of banana peels after adsorption of Cu2+ and Pb2+ have similar 
features to the natural banana peels; however, there are significant changes in the percentage 
transmittance of the peaks. The following peaks: 3325, 2950, 2850, 1750, 1615, 1587, 1484, 1020 
and 802 cm−1 on natural banana peels shifted to 3340, 2932, 2845, 1732, 1616, 1584, 1487, 1024 
and 904 cm−1 respectively after adsorption of Cu and Pb ions. This reveals that the functional 
groups interact with the metal ions in solution during the adsorption process through electrostatic 
attraction. The functional group identification is very important because the metal-binding capa-
city of a bio-sorbent depends on the presence of functional groups such as carboxylic and 
hydroxylic groups.

Figure 2. Point of zero charge  
(pHpzc) of banana peels.

Figure 3. FTIR spectra for BP, 
BP-Cu, BP-Pb and BP-Cu/Pb 
samples.
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3.2. Single and binary adsorption isotherms
The isotherm studies were carried out with varying initial heavy metal ion concentrations and 
a fixed adsorbent dosage. The experimental data and the linear fit of the isotherm models of Cu(II) 
and Pb(II) ions under single and binary conditions are presented in Figure 4.

The adsorption increased with increasing initial concentration for both single and binary sys-
tems, the maximum adsorption capacity (qmax) was 25.23, 29.96, 37.32, and 39.32 mg/g for single 
Cu, binary Cu, single Pb, and binary Pb, respectively. The adsorption capacity reduced for both 
metals in the binary system. The separation factor “RL” which describes the type of adsorption 
isotherm for the Langmuir isotherm is stated below. 

RL ¼
1

1þ bCeð Þ
(6) 

where b is the Langmuir constant and Ce is the equilibrium concentration for each initial 
concentration.

For all the systems of Cu(II) and Pb(II), the separation factor “RL” was calculated and found in 
the range of 0.9 to 0.01 which lies within 0 and 1, suggesting that the adsorption is favourable 
(Deshmukh et al., 2017). As shown in Table 1, the Langmuir constant value “n” for Pb(II) was 
higher than that for Cu(II) in both systems, suggesting that Pb(II) had a higher affinity for the 
active sites on the banana peel surface than Cu(II). The Freundlich isotherm constant “n” which 
measures the adsorption intensity of both metals was observed to be greater than 1 which 
suggests that the adsorption process is physical, except for Pb(II) single system which was lower 
than 1 indicating the adsorption is a chemical process. From Table 1, comparing the correlation 
values (R2) for Langmuir and Freundlich isotherms, the Langmuir model fitted the experimental 
data well.

Figure 4. Adsorption isotherms 
of Cu and Pb on banana peel in 
single and binary systems at pH 
5.5. The symbols are the 
experimental results while the 
solid lines are the linear fittings 
of (a) Cu Langmuir adsorption, 
(b) Pb Langmuir adsorption, (c) 
Cu Freundlich adsorption and 
(d) Pb Freundlich adsorption 
models.
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In the binary adsorption, Pb(II) was adsorbed more on the surface sites than Cu(II), similar to 
the observation in the single system. Also, the presence of Cu(II) had no significant effect on Pb(II) 
adsorption, while Cu(II) adsorption was influenced at higher concentrations by the coexistence of 
Pb(II). The quantity adsorbed for Cu(II) increased at the initial concentration of 125 mg/L from 
19.22 mg/L to 23.64 mg/L. This could be because the concentration of Pb(II) in the solution had 
reduced and there was less competition for active sites.

3.3. Adsorption kinetics
The percentage removal curves of Pb(II) and Cu(II) at varying initial concentration for both single 
and binary systems are shown in Figure 5. The adsorption of Pb(II) and Cu(II) progressed rapidly in 
both systems, while equilibrium was reached within the first 5 h. However, certain differences can 
be observed in the adsorption curves of the two metals as regards the varying initial concentra-
tions. The percentage removal of single Pb(II) at 10 ppm reached 100% within 4 h which suggest 
that there was complete adsorption at equilibrium whereas single Cu(II) at the same concentra-
tion was 95% adsorbed at equilibrium. Similarly, the percentage removal of single Pb(II) at 55 ppm 
initial concentration reached 98% while the percentage removal of single Pb(II) at 100 ppm 
reduced significantly with approximately 43% at equilibrium. This means that at 55 ppm, the 
active sites on the surface of banana peels have reached saturation for single Pb(II). Many 
researchers have reported that the percentage removal of metal ions decreases as the initial 
metal ion concentration increases. Iqbal and Khera (2015) and Semerjian (2018) reported that the 
percentage removal of Cu(II) and Pb(II) decreased as the initial metal ions increased. The percen-
tage removal of single Cu(II) at initial concentrations 55 ppm and 100 ppm reached equilibrium at 
18% which suggest that the active sites are saturated and banana peels have less affinity for 
Cu(II).

Table 1. Langmuir and Freundlich isotherm parameters
Ion System Langmuir Freundlich

b (L/mg) qm (mg/g) R2 Kf n R2

Cu (II) Single 0.17 28.56 0.979 5.09 2.21 0.907

Cu (II) Binary 0.45 26.89 0.999 7.12 2.51 0.930

Pb (II) Single 0.24 66.67 0.984 12.27 0.91 0.981

Pb (II) Binary 7.87 37.69 0.999 23.82 7.22 0.791

Figure 5. Percentage removal of 
(a) Pb(II) and (b) Cu(II) onto 
banana peels at different initial 
concentrations and pH 5.5 in 
both single and binary systems.
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In the case of the binary solutes, the adsorption of binary Pb(II) and Cu(II) at initial concentration 10 
ppm was very rapid and equilibrium was reached at approximately 96% and 92%, respectively. This 
indicates that both metals competed well for the active sites; however, the adsorption of Pb(II) was 
faster than Cu(II). The percentage removal of binary Pb(II) at initial concentrations 55 ppm and 100 ppm 
was higher than for Cu(II) at the same initial concentrations. The percentage adsorbed for the binary 
system was in the order Pb(II) 10 ppm > Cu(II) 10 ppm > Pb(II) 55 ppm > Pb(II) 100 ppm > Cu(II) 55 ppm > 
Cu(II) 100 ppm with values of 96%, 92%, 61%, 41%, 33%, and 16%, respectively. It indicates that Pb(II) 
has a greater affinity for banana peels than Cu(II). It is obvious that the percentage removal of Pb(II) was 
higher than Cu(II) for all the initial concentrations. In addition, the quantity adsorbed increased as the 
initial concentration increased. However, the adsorption efficiency decreased as the initial concentration 
increased since the amount of the adsorbent in solution remains the same. At higher initial concentra-
tion, the amount of metal ions in solution is higher compared to the available active sites on the surface 
of the bio-sorbent, hence decreasing the percentage removal of the metal ions.

The linear form of the pseudo-first-order and pseudo-second-order kinetic models was used to 
analyze the kinetic adsorption experimental data, as depicted in Figure 6. The model parameters 
for the two kinetic models are listed in Table 2. The kinetic study for Pb(II) and Cu(II) was carried 
out for both single and binary systems at the initial concentrations of 10, 55, and 100 mg/L to 
explain the sensitivity of the adsorption process of the metal ions in coexistence. The adsorption 
kinetics of Pb(II) and Cu(II) in both systems at various initial concentrations fitted the pseudo- 
second order model well with correlation coefficient (R2) very close to 1, which suggests that the 
adsorption rate is controlled by a chemical adsorption process. The equilibrium adsorption capacity 
of Pb(II) increased with increasing initial concentration for both single and binary systems. The 
lower value of K2 for Cu(II) in the binary system as compared to Pb(II) suggests that the adsorption 
rate of Cu(II) is negatively affected by the presence of Pb(II).

Figure 6. Kinetic model plots of 
Pb(II) and Cu(II) at different 
initial concentrations; (a) 
pseudo-first order single, (b) 
pseudo-first order binary, (c) 
pseudo-second order single, (d) 
pseudo-second order binary.
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3.4. Comparison of Pb2+ and Cu2+ uptake using banana peels and other bio-sorbents
The adsorption uptakes of Pb2+ and Cu2+ onto banana peels in single and binary systems obtained 
were 66.67 mg/g (single), 37.69 mg/g (binary) for Pb2+ and 28.56 mg/g (single), 26.89 mg/g (binary) 
for Cu2+. The adsorption of Pb2+ was higher than Cu2+ in both systems. The maximum adsorption 
uptake of Pb2+ and Cu2+ using banana peels in this study is also compared with other bio-sorbent 
uptake data available in literature (Table 3).

4. Conclusions
This study was carried out to explore the capacity of banana peels for the removal of Pb(II) and 
Cu(II) in both single and binary systems to determine the effect of the coexistence of these metal 
ions in the adsorption process. The adsorbent characterization was done by pHpzc and FTIR 
analysis. The surface of the banana peels was found to be acidic, hence an increase in the solution 
pH led to a significant increase in the adsorption capacity of the bio-sorbent. Also, the FTIR 
measurements showed the presence of acid groups (-OH and -COOH) on the surface of banana 
peels. These functional groups are deprotonated in solution; hence, the bio-sorbent surface 
becomes negatively charged thereby attracting Pb(II) and Cu(II) ions in solution by electrostatic 
interaction.

In both single and binary metal ion systems, the adsorption uptake of Pb(II) was higher than 
Cu(II), suggesting that banana peels have a greater affinity for Pb(II). This may be due to the fact 
that the ionic radius of Pb(II) is smaller than Cu(II), which makes it easier to be adsorbed on the 
active sites. The adsorption equilibrium was well described by Langmuir isotherm models for Pb(II) 
and Cu(II) in both single and binary systems. The adsorption of Cu(II) was sensitive to the presence 
of Pb(II) in the binary systems; the adsorption of Cu(II) was similar to that in the single system at 
lower concentrations until Pb(II) adsorption reached equilibrium, while the presence of Cu(II) had 
no influence on the adsorption of Pb(II). Hence, the existence of a competitive phenomenon was 
observed at higher initial concentration that affected only the adsorption of Cu(II).

The kinetic model followed pseudo-second order for both single and binary systems. Hence, the 
mechanism of adsorption is chemisorption. The kinetic process was rapid which suggests that a smaller 
column is required for the bio-sorption in an industrial treatment plant. Therefore, it can be concluded 
that banana peels are a suitable agricultural waste for the removal of Pb(II) and Cu(II) from water.

Table 3. Comparison of single solute adsorption capacity (q
max) of Pb2+ and Cu2+ with other 

bio-sorbents
Bio-sorbents Pb2+ 

Qmax (mg/g)
Cu2+ 

Qmax (mg/g)
Reference

Banana peel 39.32 29.26 This study

18.0 (Da Silva Correia et al., 
2018)

2.18 (Anwar et al., 2010)

28.57 (M. Hossain et al., 2012)

Orange peel 73.53* (Lasheen et al., 2012)

63.30** (Guiza, 2017)

33.99 (Kumar et al., 2018)

Pine sawdust 13.48 (Semerjian, 2018)

Cocoa pod husk 4.83 4.69 (Obike et al., 2018)

Pine cone shell 17.41 6.52 (Martín-Lara et al., 2016)

*Chemically modified orange peel 
**Cellulosic orange peel 
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Kf Freundlich equilibrium constant (L/mg)
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K2 Pseudo-second-order rate constant (g mg−1 h−1).
M Mass of adsorbent (g)
n Reciprocal of the reaction order
qt Adsorption capacity at time t (mg/g)
qe Adsorption capacity at equilibrium (mg/g)
qmax Maximum adsorption capacity (mg/g)
R2 Correlation coefficient
V Volume of solution (mL)
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