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a b s t r a c t
The purpose of this study is to evaluate the possibility of using an agricultural residue which is 
peanut shell powder (PSP) as an adsorbent for the removal of a heavy metal that is hexavalent 
chromium from wastewater. Chromium(VI) adsorption is studied in batch mode and some influ-
encing parameters were tested, such as particle size, pH variation, adsorbent dose, stirring speed 
and initial chromium concentration. The results obtained achieved 99% chromium(VI) removal 
rates under optimal conditions, for an initial chromium(VI) concentration of 10 mg·L–1. Scanning 
electron microscopy and Fourier-transform infrared spectroscopy were used to determine the 
physico-chemical characteristics of this biomaterial. The results showed that the PSP surface con-
tains a large number of functional groups and has surface properties suitable for the biosorption 
of Cr(VI) ions. The experimental results obtained follow the two adsorption models of Langmuir 
and Freundlich, both models showed good results with correlation coefficients of 0.9695 and 0.9977, 
respectively. The chromium(VI) adsorption process was better represented by a second-order 
kinetic law (R2 = 0.99). Our investigation revealed that peanut shell-based biomaterial is a good 
candidate for the removal of Cr(VI) from aqueous solutions.
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1. Introduction

It is not secret that the natural environment is facing a 
rapidly growing degeneration, which has inspired some 
research to provide solutions for environmental remediation. 
Previous studies have broadly shown that major pollution of 
natural ecosystems can be traced to anthropogenic sources, 
with industrial activity predominant [1]. Industrial waste-
water containing heavy metals is one of the most worrisome 
problems for ecosystems. Hexavalent chromium is widely 
used in industrial fields, it can be found in various oxida-
tion states ranging from – II to VI. Of these, only Cr(III) and 

Cr(VI) are stable forms in the natural environment. However, 
Cr(VI) is rarely naturally generated, is relatively soluble in 
aqueous systems and is easily transformed in groundwa-
ter [2]. Both of Cr(III) and Cr(VI) forms are known to be 
highly toxic by inhalation and dermally, causing lung cancer, 
skin irritation, asthma and nasal ulcers [3].

Metal ions are not degradable into harmless end products, 
such as biodegradable organic pollutants [4]. Considering its 
toxicity, several suitable treatment methods for the removal 
of hexavalent chromium from industrial waste water and 
groundwater resources are under development and appli-
cation. The most common treatment methods are metal 
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organic framework [2], precipitation [5,6], ion exchange [7,8], 
membrane separation (reverse osmosis and ultrafiltration) 
[9,10], and electrochemical reduction [1]. But most of the 
above treatment methods have limitations, including long 
treatment times, high energy consumption, toxic sludge pro-
duction, high operating and maintenance costs and limited 
removal efficiency.

Adsorption is a method of choice, it is a widely used 
physicochemical method for removing heavy metals because 
adsorption does not require a high operating temperature and 
can remove multiple substances at the same time. Recently, 
various adsorbents have received more attention in remov-
ing metal ions [2]. The liquid–solid interface adsorption pro-
cess is mainly affected by pH value of the solution, operating 
temperature, contact time, amount of adsorbent, initial con-
centration of the adsorbate, surface area of the adsorbent and 
the stirring speed. In order to obtain the maximum adsorp-
tion capacity, it is necessary to optimize the process variables 
to improve the removal efficiency of the adsorbent [11]. 
Currently, the most used and efficient physical method in the 
industry is adsorption on activated carbons. These materials 
occupy an important position as adsorbents and are widely 
used in gas and water purification [12]. However, due to the 
use of non-renewable and relatively expensive raw materi-
als, such as coal, in many countries, commercially available 
activated carbon is still regarded as an expensive material, 
which is unjustified in pollution control applications [13,14] 
The search for an alternative to the conventional treatments 
for removing Cr(VI) makes it possible to use biosorption 
methods. Compared with conventional methods, these bio-
sorbents exhibit characteristics such as removal efficiency, 
low cost and high capacity reduction in the generation of 
biological and chemical residues, and regeneration of biosor-
bents through metal recovery. Waste biomaterials are highly 
efficient and low-cost biosorbents [15]. Different biosorbents 
have been used for the adsorption of Cr(VI), such as bio-
char [6], bivalve mollusk shells [16], wheat shell [17], Lantana 
camara fruit [18], custard apple seeds, Aspergillus niger [19], 
Caryota urens seeds [20] and Lentinus sajor-caju [29].

The wilaya of El-Oued, in Algeria, recorded a production 
of 124,000 quintals of peanuts during the current agricul-
tural season, reported the local Directorate of Agricultural 
Services (DSA). This production, carried out on a total area of 
4,000 hectares, is up 18% compared to last year’s production. 
The cultivation of peanuts, a plant of the Fabaceae family 
used in the manufacture of table oil. It would be important 
if we could recover the amount of waste generated by this 
industry and find other environmentally friendly uses. The 
purpose of this research is to study the adsorption capacity of 
peanut shell powder as an adsorbent to remove Cr(VI) from 
aqueous solutions. Fourier-transform infrared spectroscopy 
(FTIR) and scanning electron microscopy (SEM) are used 
to identify the various functional groups on the cell wall of 
the biosorbent and to study the surface morphology of this 
biomaterial. Batch experiments are conducted to examine 
the impact of different parameters such as the pH value of 
the solution, the ratio of the used biomass, the particle size, 
the metal concentration and the stirring speed on the bio-
sorption of Cr(VI) from aqueous solution. In addition, the 
modeling of Cr(VI) adsorption is performed using adsorp-
tion isotherms and kinetic models.

2. Materials and methods

2.1. Reagents and materials

The peanut shells were obtained from the fruits harvested 
in El Oued, Algeria.

A chromium stock solution (1,000 mg·L–1) is prepared by 
dissolving 2.83 g of K2Cr2O7 in 1 L of double distilled water 
and diluting to the desired concentration.

2.2. Preparation of biosorbent

Peanut shells are washed several times with pure water to 
remove dust and soluble impurities attached to the surface. 
The washing operation is repeated until the washing water 
becomes uncolored. The washed peanut shells are dried in a 
hot air oven to remove moisture at 105°C for 12 h, and then 
they are ground and sieved using a standard sieve to obtain 
biosorbents with homogeneous and known particle sizes: 
1 mm, 500 µm, 250 µm and 125 µm. Recovered samples are 
saved in closed bottles for later use. The resulting material is 
named peanut shell powder (PSP).

2.3. Biosorbent characterization

For the pH measurement of the PSP biosorbent, 3 g of the 
powder are placed in a beaker; a volume of double-distilled 
water has been added so that the solid is completely wetted. 
The mixture was stirred for 15 min, and then the pH of the 
supernatant solution is measured. The pH measurements 
were done using Hanna Instruments pH 210. Also, proxi-
mate analyses of the peanut shells samples were conducted 
using conventional ASTM standard methods. For this pur-
pose, ASTM D-6683 and ASTM D-4442 were used to deter-
mine bulk density and moisture content of the PSP biomass, 
respectively.

Chemical properties and microscopic appearance of 
peanut shells biomaterial are studied by FTIR and SEM. 
SEM (Quanta 250 from FEI) is utilized to observe the micro-
structure and morphology of the PSP biosorbent. Therefore, 
(JASCO FTIR 4100) is used to collect spectra in the range of 
400–4000 cm–1 wave-number. First, the peanut shell samples 
are mixed with KBr, then compressed into tablets before 
recording the FTIR spectrum. The background obtained by 
pure KBr scanning is automatically subtracted from the sam-
ple spectrum.

2.4. Adsorption studies

2.4.1. Batch sorption experiments

Batch experiments are carried out to reveal the adsorp-
tion capacity of PSP biomass for Cr(VI), which are conducted 
according to a typical jar test procedure (Fig. 1). All the exper-
iments are performed at room temperature (25°C ± 2°C). 
For each of the six test jar beakers, A weight m of the biosor-
bent is added to 250 mL of the Cr(VI) solution with an initial 
concentration of C0. The pH experiments are realized using 
0.1 M HCl/NaOH to vary the solution pH. The effect of oper-
ational parameters on the performance of chromium bio-
sorption by SPS was studied by varying the values of these 
parameters as shown: particle size 1 mm, 500 µm, 250 µm 
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and 125 µm; contact time 20–100 min; pH 1.5–6; stirring 
speed 100 and 300 rpm; biosorbent dosage 0.5–3.5 g and ini-
tial concentration of Cr(VI) 20–70 mg·L–1. The selection of the 
range of biosorption parameters is based on previous similar 
scientific work on biosorption of chromium from aqueous 
solutions. The residual concentration of Cr(VI) is determined 
by UV-Vis spectrophotometer using 1,5-diphenylcarbazide 
method [21]. The amount of Cr(VI) adsorbed Qe (mg·g–1) and 
removal percentage (R%) are calculated by the following  
equations:
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where Ce is the equilibrium Cr(VI) concentrations (mg·L–1), 
C0 is the initial Cr(VI) concentrations (mg·L–1), m is the weight 
of adsorbent (g) and V is the volume of the Cr(VI) solution 
(L). All experiments are repeated three times and the aver-
age value is taken. The residual concentration of Cr(VI) 
is measured at 540 nm using the 1,5-diphenylcarbazide 
method with an UV-vis spectrophotometer (JENWAY 6300).

2.4.2. Adsorption isotherms

The Langmuir [48] and Freundlich [49] isotherm equi-
librium models are used to describe the adsorption mecha-
nism of Cr(VI) on the surface of the PSP biosorbent.

Langmuir’s model reveals that the adsorption takes place 
on a homogeneous surface by monolayer sorption without 
interactions between the adsorbed molecules. The follow-
ing equation represents the linear form of the Langmuir 
equation:
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where qmax, qe, Ce and b are the maximum sorption capac-
ity (mg·g–1), the mass of sorbed at equilibrium (mg·g–1), the 
equilibrium concentration of adsorbate (mg·L–1) and sorption 
equilibrium constant (L·mg–1), respectively. For Langmuir 
sorption, the separation factor (RL) is used to define the type 
of isotherm and is expressed in Eq. (4) [22].
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Therefore, the value of (RL) indicates whether the adsorp-
tion process is favorable or unfavorable. This process is irre-
versible for RL = 0, linear for RL = 1, favorable for RL < 1, and 
unfavorable for RL > 1 [23].

The Freundlich isotherm model shows that there is also a 
monolayer sorption, but the energy distribution of the active 
sites is not homogeneous with the presence of interactions 
between the adsorbed molecules. The logarithmic form 
of the model is:
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where qe, Ce, KF and 1/n are the maximum amount of metal 
ions per unit weight of the biosorbent, the equilibrium 
Cr(VI) ion concentration in the solution, the sorption capac-
ity per unit concentration and the sorption intensity, respec-
tively. The value of 1/n indicates that the type of isotherm 
is favorable (0 < 1/n < 1), unfavorable (1/n > 1) and irre-
versible (1/n = 0) [24].

2.4.3. Kinetics of biosorption

The pseudo-first-order [Eq. (6)] and second-order 
[Eq. (7)] kinetic models presented below are applied to char-
acterize the kinetics of the sorption reaction of Cr(VI) by 
the PSP biosorbent [25,26].
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where qt and qe represent the sorption capacities (mg·g–1) 
of PSP biosorbent at any time t (min) and at equilibrium, 
respectively. The first and second-order kinetic rate con-
stants are noted by K1 (min–1) and K2 (mg–1·g–1·min–1). The 
pseudo-first-order kinetic model is established by tracing 
the log(qe – qt) value vs. time (t) to determine the values of qe, 
K1 and R2. However, the pseudo-second-order kinetic model 
is established by plotting the value of t/qt against time (t) to 
determine the values of qe, K2 and R2. The regression coeffi-
cients (R2) of the first-order and second-order kinetic models 
are compared to determine which model is more adequate 
for the sorption of Cr(VI) by the PSP biosorbent.

3. Results and discussion

3.1. Biosorbent characterization

The results of some physical analysis are presented in 
Table 1. According to the ASTM standard, the average bulk 
density and moisture content of the peanut shells used in 
this study are 0.25 g·cm–3 and 6%, respectively, while their 
pH is 7.5.

 
Fig. 1. Jar test procedure.
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3.2. FTIR spectroscopy

Previous studies have shown that the adsorption mech-
anism of hexavalent chromium by agricultural wastes can 
be caused by surface precipitation, physical adsorption, ion 
exchange, complexation with functional groups and chem-
ical reactions with surface sites [27]. Several researchers 
have indicated that different chemical functional groups 
such as hydroxyl, carboxyl, amide, etc., are responsible for 
the biosorption of metal ions [28–31]. The functional groups 
are the sites susceptible to the biosorption process, and the 
metal retention capacity depends on various factors such as 
the accessibility of these sites, their abundance, their chemi-
cal state and the attraction between the adsorption site and 
the metal. FTIR spectroscopy is a very important analytical 
technique for detecting the vibrational characteristics of the 
chemical functions present on the biosorbent surfaces. The 
FTIR method is used to verify the surface chemistry of PSP 
biosorbent, and the results are shown in Fig. 2. On the other 

hand, Table 2 presents the principal vibration frequencies 
and their corresponding groups. Obviously, the surface of 
the PSP biosorbent contains different chemical functions, 
such as (O–H, C–O, C=O and C–H). Thus, the existence of 
interactions between Cr(VI) ions and the different functional 
groups present on the surface of biosorbents such as –OH, 
C–C, C–H, C–O, C–O–C and C=O, has been demonstrated in 
previous work [32]. Consequently, the FTIR analysis shows 
that the peanut shells used in this study has surface func-
tional groups capable of playing an important role in the 
removal of chromium(VI) ions.

3.3. SEM characterization

The morphology and microstructure of the PSP biosor-
bent are presented in Fig. 3. It can be seen from the SEM pho-
tos that the external morphology of PSP has a rather rough, 
irregular, coarse and porous surface. The nature of the bio-
sorbent is due to abundant amount of functional groups pres-
ent on its surface [32]. On this basis, the PSP image can be 
clearly shown that the surface is adapted to Cr(VI) adsorption.

3.4. Conventional experimental variables of biosorption

In this section, the influence of different experimental 
variables such as solution pH, biosorbent dose, initial metal 

Table 1
Some physical properties of peanut shell used in this study

Moisture, % 6
Bulk density, g·cm–3 0.25
pH 7.5

 
Fig. 2. FTIR spectra of peanut shells biomass.

Table 2
Infrared principal absorption bands of peanut shell biomass and their corresponding groups

Wavenumbers (cm–1) Functional groups

3,069 C–H stretching in aliphatic
2,050 C=O (carbonyl) bond of the aldehydes, ketonic and acetyl groups
1,638 C=O stretching in carboxyl or amide groups
1,083 C–O: stretching vibrations of functional groups such as esters, carboxylic acids, ethers and alcohols
663 O–H vibrations group
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ion concentration, particle size and stirring speed which 
are used to optimize the appropriate experimental condi-
tions for maximum metal removal by the peanut shell bio-
sorbent. For each biosorption experiment, aqueous samples 
were collected at different time intervals of 20, 40, 60, 80, and 
100 min to estimate the biosorption capacity of PSP during 
these treatments periods.

3.5. Impact of particle size

The adsorption of Cr(VI) on the PSP biosorbent is studied 
at four different particle sizes: 1 mm, 500 µm, 250 µm and 
125 µm. As shown in Fig. 4, the adsorption capacity increases 
as the particle size of the adsorbent decreases. Cr(VI) ions 
may not be able to penetrate some of the internal pores of 
the particles since access to all pores is facilitated by the 
small size of the particles [33]. Particles < 125 µm shows the 
greatest adsorption capacity.

3.6. Impact of pH on Cr(VI) biosorption

The biosorption of heavy metals in aqueous solutions 
depends on the characteristics of the biosorbent and the 
transfer of adsorbate molecules from the solution to the solid 
phase. Previous studies have shown that the most important 
parameter to affect the biosorption process is pH [34]. The 
analysis of the pH dependence for the sorption of Cr(VI) ions 
by PSP is performed in order to identify the optimal pH for 
the biosorption operations. Generally, the working pH value 
affects the charge properties of the adsorbed molecules and 
the surface of the adsorbent [35]. The effect of H+ ions con-
centration on the biosorption of Cr(VI) ions is studied on PSP 
in the pH range of 1.5–6. It was found that maximum bio-
sorption of Cr(VI) occurs at an initial pH ranging from 1.5 
to 2 with values of 99% and 98%, respectively and decreases 
at higher pH values as shown in Fig. 5. In addition, the bio-
sorption capacity of PSP was reduced from 98% to 29% with 
an increase in pH from 2 to 6. Chromium exists mainly as 
HCrO4

– in this very acidic medium with a low net negative 
charge. This promotes the easy binding of chromium ions to 

the surface of the PSP absorbent. On the other hand, a strong 
decrease in biosorption above pH 4 may be due to the occu-
pation of the adsorption sites by oxy-anionic species such as 
HCrO4

–, Cr2 O7
2–, CrO4

2–, etc., which prevents the approach 
of the Cr(VI) ions to the sorbent surface. In conclusion, the 

          

Fig. 3. SEM images of PSP biomass.
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limited adsorption of Cr(VI) at pH values higher than 4 is 
due to competition between OH and the oxyanion of Cr(VI); 
this leads to repulsive forces between Cr(VI) anions and the 
biosorbent surface [34].

The pH dependence of metal sorption may be related to 
the presence of several functional groups (such as carboxyl, 
amino, amide and phosphate, etc.) on the biosorbent sur-
face [30]. It has also been noted that biosorption capacities 
of heavy metals are highly sensitive to pH and that the extent 
of biosorption reduced as the pH of the solution increases 
[28,32,36–38].

In general, industrial wastewater containing Cr(VI) ions 
has a high acidic pH, so no pH adjustment would be nec-
essary before treating this wastewater with PSP biosorbent. 
Therefore, the maximum value of the adsorption capacity of 
the PSP biosorbent occurs at pH of 1.5. As a result, the pH 
value of 1.5 is used as the optimal pH value for further bio-
sorption experiments to determine the optimal value of other 
parameters.

3.7. Impact of biosorbent dose

The dose of biosorbent is a very important parameter 
because it promotes the uptake of heavy metals in aque-
ous solution. The Results of dosage effect on the removal of 
Cr(VI) ions by SPS are shown in Fig. 6. The influence of the 
biosorbent dose on the sorption of Cr(VI) ions was investi-
gated in the range of 0.5–3.5 g·L–1. These results indicate that 
the percentage of Cr(VI) biosorption increases with the rise of 
the amount of biosorbent, but above a certain value, the per-
centage of removal reaches a saturation level. This percent-
age increases from 77% to 98% when the dose is increased 
from 0.5 to 1.5 g·L–1. The mechanism can be justified by the 
fact that the incremental PSP dosage values increased the 
availability of more active sites for Cr(VI) ion uptake, lead-
ing to a better efficiency in the removal of metal ions [39,40]. 
However, as the amount of biosorbent increased further, the 
sorption of Cr(VI) did not increase but remained constant, 
which is shown in Fig. 6. The various interpretations given 
include a less available binding site, competition between 
chromium ions, agglomeration of the adsorption site, electro-
static interaction, inadequate mixing due to higher biomass 
density [41].

3.8. Impact of agitation speed

The stirring speed also has a significant impact on the 
mass transfer process of Cr(VI) from the aqueous solution to 
the surface of the biosorbent. Fig. 7 describes the capacity of 
PSP biosorbent to remove Cr(VI) from three different concen-
trations (20, 40 and 60 mg·L–1) at various rpm (100 and 300). 
The biosorption capacity of PSP for Cr(VI) increases with the 
increase of stirring speed. When the stirring speed is changed 
from 100 to 300, the percentage removal of Cr(VI) increases 
from (98%, 90% and 80.6%) to (99.8%, 94% and 85%), respec-
tively. This can be explained by an increase in the rate of 
diffusion of Cr(VI) ions on the surface of the biosorbent 
with increasing agitation speed [33].

3.9. Impact of concentration of Cr(VI) on biosorption

For a better management of the cost-effectiveness of 
industrial wastewater treatment for Cr(VI) removal, the 
required solute/sorbent ratio must be known. Under the con-
ditions of optimal pH, biosorbent dosage and stirring speed 
of 1.5, 2.5 g and 300 rpm, respectively, the capture perfor-
mance of PSP biosorbent for chromium ions is investigated 
experimentally. The concentration of Cr(VI) solution ranges 
from 10 to 70 mg. Fig. 8 shows the removal percentage at 
different Cr(VI) concentrations. As shown in Fig. 8, the rate 
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of Cr(VI) biosorption decreases with increasing Cr(VI) con-
centration, at a low concentration (10 mg·L–1), the percentage 
removal by PSP biosorbent is 99.98%. This can be explained 
by the improving in the concentration gradient between 
the aqueous and the solid phase [42] and also because of a 
competition between sorbate ions for their fixation on the 
active sites available on the surface of the biomaterial [36].

On the other hand, we can observe a preliminary fast 
rate of biosorption capacity of Cr(VI) ions followed by a 
secondary slow rate. In the initial biosorption periods, the 

availability of a huge amount of active sites allowed a better 
fixation of Cr(VI) ions on the surface of the PSP biosorbent. 
This resulted in a strong increase in biosorption capacity 
during the first 40 min of contact time for all initial Cr(VI) ion 
concentrations. After this period of time, the surface of the 
PSP is completely saturated and no more chromium uptake 
is possible, which meant reaching equilibrium for biosorp-
tion [43].

3.10. Sorption kinetic modeling

The biosorption kinetics studies were performed by 
changing the initial concentration (30 and 60 mg·L–1) while 
keeping the other parameters constant (agitation speed: 
300 rpm, biosorbent dosage: 2.5 g, temperature: 25°C ± 2°C, 
pH: 1.5, adsorbent size: 125 µm) at an interval of 20 min for a 
period of 80 min. Figs. 9 and 10 show the pseudo-first-order 
and pseudo-second-order kinetic plots, respectively.

Adsorption kinetics provides important information on 
the temporal interactions between the solid and fluid phases 
of the adsorption system, which is essential for the design 
and industrial extension of the process [44]. For the present 
work, pseudo-first-order and pseudo-second-order models 
are examined in order to understand the kinetics of Cr(VI) 
biosorption by PSP. Table 3 shows the constant rate (K1, K2), 
qe values and regression coefficient R2 for the PSP biosor-
bent. A comparison between the two kinetics models shows 
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that the Cr(VI) sorption by peanut shells follows closely the 
kinetics of pseudo-second-order more than that of pseudo- 
first-order, because the value of the pseudo-second-order 
model coefficient (R2) is very slightly higher than that of 
pseudo-first-order.

The pseudo-first-order kinetic model supposes that “the 
sorption process of metals is first order in nature because it 
only depends on the number of metal ions in solution at a 
specific time” [26]. Contrary to the pseudo-first-order kinetic 
model, the pseudo-second-order kinetic model considers that 
“the process of metal biosorption depends on the number 
of metal ions in solution as well as on the biosorption sites 
available on the surface of the biosorbent” and shows that 
the occupancy rate of adsorption sites is proportional to the 
square of unoccupied sites [45]. Thus, it has been concluded 
that the chemisorption mode can control the biosorption pro-
cess with the implication of electron exchanges [43].

3.11. Sorption isotherm modeling

In this study, the Freundlich and Langmuir adsorp-
tion isotherms are used to model the adsorption in aque-
ous media of Cr(VI) ions by the PSP biosorbent, using the 
experimental results obtained to study the impact of the 
initial concentration on the adsorption capacity of PSP. Both 

of these classical adsorption models are used to describe the 
equilibrium between chromium ions adsorbed on the bio-
material surface (qe) and chromium metal ions in solution 
(Ce). The constants of the two models are determined from 
the slopes and intercepts of the linear graphs, as shown in  
Fig. 11.

The Langmuir isotherm represents a system in which 
adsorption is performed on a monolayer surface without 
interaction between the adsorbent and the adsorbed ions 
[46]. The Freundlich isotherm characterizes a system in 
which non-ideal adsorption occurs on a heterogeneous sur-
face with the presence of polyfunctional groups and differ-
ent interactions [47]. The values of the different parameters 
related to each of the two equilibrium models are given in 
Table 4. According to the correlation values of the two iso-
therms studied, it was found that the data on the sorption 
of Cr(VI) ions by PSP biomaterial can be well adjusted to the 
Freundlich and Langmuir isotherm models with a regres-
sion value of >0.96. The linear conversion of the adsorption 
results using the Langmuir and Freundlich models (R2 > 0.96) 
allowed the calculation of the Cr(VI) adsorption capacities. 
It was found that the experimental data obtained in this 
study obeyed the basic principles of these two models that 
is, monolayer adsorption with constant adsorption energy 
and heterogeneous surface adsorption, respectively [48,49].
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Fig. 11. Langmuir and Freundlich sorption isotherms of chromium Cr(VI) ions on PSP biosorbent.

Table 3
Kinetics parameters for Cr(VI) sorption by PSP biosorbent

Initial Cr(VI) concentration 
(mg·L–1)

Pseudo-first-order model Pseudo-second-order model

qe (mg·g–1) K1 (min–1) R2 qe (mg·g–1) K2 (g·mg–1·min–1) R2

30 1.1468 0.0557 0.9445 3.0769 0.0694 0.991
60 5.7822 0.0888 0.9805 5.6915 0.0264 0.997

Table 4
Values of equilibrium parameters for the adsorption of Cr(VI) on the PSP biosorbent

Freundlich isotherm Langmuir isotherm

R2 1/n KF (L·mg–1) R2 qm (mg·g–1) b RL (C0 = 50 mg·L–1)

0.9977 0.2622 2.81 0.9695 4.11 16 0.0013
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Based on the value of RL for this study (RL = 0.0013 < 1) 
which means that the sorption process of Cr(VI) is favorable. 
Knowing that the sorption process is unfavorable (RL > 1), 
favorable (0 < RL < 1), linear (RL = 1) and irreversible (RL = 0) 
[48,50].

4. Conclusion

Peanut shell biomass is a potential ecological biosorbent 
for heavy metals. This work investigated the effectiveness 
of this biomaterial in removing Cr(VI) ions from an aque-
ous solution. It has been found that the biosorption process 
depends on the pH of the solution, pH 1.5 being the opti-
mal value. Increasing the amount of biosorbent increases the 
percentage removal of metal ions. The current results show 
that the data on sorption of Cr(VI) ions by PSP biomass can 
be well adapted to the Freundlich and Langmuir isotherm 
models with a regression value of >0.96 within the investi-
gated concentration range. The kinetic study of equilibrium 
data shows that the biosorption of Cr(VI) on PSP follows well 
the pseudo-second-order kinetic model. Therefore, it can 
be concluded that peanut shell biosorbent has great poten-
tial and can be used to effectively and economically remove 
hexavalent chromium from aqueous solutions. In addition, 
the PSP biosorbent appears to be effective at low concentra-
tions of metals under optimal conditions. However, further 
studies are necessary to extend the research to field appli-
cations. Therefore, similar adsorption experiments can be 
conducted to obtain the adsorption capacity of PSP biomass 
for the removal of other pollutants.
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