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a b s t r a c t
Agricultural waste peanut shell was used as precursor for activated carbon production by chemical 
activation. The activated carbon was prepared by carbonization of nut shell in a conventional electric 
furnace by a two-stage carbonization process under optimized conditions. The prepared carbons 
were characterized for proximate and ultimate analysis and thermodynamic characteristics. It was 
used for the removal of Cr(VI) and Pb contained in metal plating effluent by adsorption process. 
Experiments were performed in batch mode to find the effects of pH, contact time, particle size, 
adsorbent dose, initial concentration of adsorbate, and temperature. Cr(VI) and Pb adsorption was 
strongly depended on solution pH, and the optimum adsorption was found at pH 3.5. The maximum 
Cr(VI) removal of 94.4% (initial Cr(VI) = 55.3 mg/L) and Pb removal of 96.1% (initial Pb = 3.5 mg/L) 
were achieved at operating condition pH = 3, T = 25°C and adsorbent dose = 5 g/L. The kinetic data 
were evaluated at different initial concentrations of Cr(VI) and Pb using pseudo-first-order, pseudo- 
second-order, and intraparticle diffusion models. Among these, the pseudo-second-order model 
fitted well. Langmuir, Freundlich, and Temkin isotherms were also tested for equilibrium studies, in 
which Langmuir adsorption isotherm model fitted the data better. The thermodynamic parameters, 
such as standard enthalpy change (ΔH°), Gibb’s free energy change (ΔG°), and standard entropy 
change (ΔS°) were also evaluated.
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1. Introduction

In the last few decades, the world has been facing 
challenge of potable water availability. Most of the drinkable 
water is supplied either from the rivers or from ground 
water. These water sources are polluted in terms of metal 
ion contamination, especially with chromium, cadmium, 
copper, lead, nickel, and zinc which causes serious problem 
if it enters living bodies. Cr(VI) and Pb are toxic at high 
concentrations. Pollution from these metals are seen fre-
quently in municipalities and specific industries throughout 

the world. Among various sources of metal pollutants, 
the electroplating industries are on top.

Electroplating is a process where thin protective layer 
of a metal such as Zn, Cr, Ni, etc. is placed on the surface 
of a metal object using electrochemical process. During the 
process, some amount of coating materials do not deposit 
on the given object, which comes out with process stream in 
the form of effluent. This wastewater is commonly known 
as metal plating effluent (MPE). MPE contains several 
heavy metals such as Cr, Zn, Pb, etc. If MPE is directly dis-
charged into any waterbody it can damage aquatic system. 
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In addition, these heavy metals may be involved with food 
chain, consequently may lead to several diseases occurring 
in human body. Therefore, its proper treatment is required 
before discharge in any water source or surface of earth. 
World health organization has fixed the standard limit for 
chromium (0.1 mg/dm3) and lead (0.1 mg/dm3) to discharge 
in pure water stream [1].

A successful removal of heavy metals from water or 
wastewater is so difficult. Several physical or chemical 
processes can be used for this, however, the commercial 
uses of these processes are so difficult in terms of cost and 
removal efficiency effect. For example, traditional coag-
ulation and electrocoagulation method is low cost but its 
removal efficiency is low and also generates a large amount 
of sludge. The membrane separation process is effective, but 
process cost is high. The adsorption process is one of the 
efficient method to remove heavy metals from MPE [2,3]. 
This process has several advantages as compared with other 
methods due to the excellent removal efficiency of some 
adsorbent such as activated carbon.

Number of materials such as coal, lignite, coconut 
shells, wood and peat has been used in the production of 
commercial activated carbons [4–6]. Recently some new 
biosorbent materials such as Swietenia mahagoni fruit shell 
(SMFS) [7], dried fungal biomass (Trichoderma harzianum) 
[8], Strychnos nux-vomica fruit shell has been also reported 
to treat different type of wastewater [9]. India is the second 
largest producer of groundnuts in the world, thus, there is 
great potential to use its shell. Groundnut shell is a carbona-
ceous, fibrous solid waste, which creates a disposal problem 
and is generally used as fuel. Therefore, it has developed the 
interest to prepare a valuable product, such as activated car-
bon. Groundnut shell having several advantages as greater 
percentage of non-carbon constituents in their composition 
compared with coal or peat, and it has better opportunity of 
retaining functional groups, especially oxygenated groups 
in the carbonized product [10]. Consequently, ground-
nut shell prepared activated carbon has more chances to 
provide better results as compared with traditional coal or 
peat prepared activated carbon. A comparison of adsorp-
tion capacity for Cr and Pb using different adsorbents are 
presented in Table 1. The aim of this work is to study the 
feasibility of developing an efficient adsorbent from ground-
nut shell along with ZnCl2 activation, and to investigate its 
adsorption capacity for removal of Cr(VI) and Pb from MPE. 
Different parameters such as contact time, adsorbent doses, 
pH, temperature, etc. were tested to find the efficiency of 
prepared adsorbent. As per open literature available, the 
combined removal of Cr and Pb using peanut shell activated 
carbon adsorbent has been presented for the first time.

2. Materials and methods

2.1. Raw material

MPE was collected from the local metal plating industry, 
Indore (India) and stored in a deep freezer. Cr(VI) and Pb 
concentration were determined by atomic absorption spec-
trophotometer (AAS) (model AA-6200, Shimadzu made, 
Japan). Groundnut shell was obtained from the Indore local 
market. It was used as a precursor for the preparation of 

powdered activated carbon. Nut shell was properly washed 
to remove any mud followed by drying and then ground to a 
desired particle size for the further process of carbonization.

2.2. Preparation of adsorbent

The washed groundnut shell was carbonized in an 
electric furnace using two-stage carbonization process 
under optimized condition. Biomass waste was placed in a 
covered stainless steel vessels and carbonized at 400°C for 
30 min in a muffle furnace (Labtech, Made, India) followed 
by chemical activation by impregnating ZnCl2 for 24 h at 
a ZnCl2/char ratio 1.75 and dried at 105°C. Later on, the 
dried and Zn impregnated char was carbonized at 650°C for 
15 min. Before the utilization of prepared material (activated 
product), it was treated with 1:1 HCl for the removal of 
impregnating salt followed by washing with hot distilled 
water for the removal of chlorides and acidity [9].

2.3. Adsorbent characterization

The prepared activated carbons were analyzed for their 
moisture content, ash content, volatile matter, and fixed car-
bon (by difference) using the standard method as described 
in IS: 1350 (Part 1), 1984 [21]. Ultimate analysis was done by 
using CHNS analyzer (PerkinElmer Made, England).

2.4. Adsorption and kinetic studies

All the adsorption experiments were performed using 
batch technique. The liquid-phase adsorption capacity of 
the prepared carbon were examined by contacting 50 mL of 
MPE with 0.1 g activated carbon in 250 mL conical glass flask 
placed in a thermostated shaker (Model Max Q 4000, India) 
at 150 rpm. The pH of MPE was adjusted using dilute solu-
tion of HCl or NaOH. During the experiments, the effects 
of different parameters such as contact time, adsorbent 
dose, particle size, metal concentration, temperature, and 
initial pH of MPE on the adsorption process were studied. 
To achieve accuracy of the data, experiments were repeated 
whenever required. The Cr(VI) and Pb were determined by 
using AAS.

The amount of Cr(VI) and Pb removed per unit weight 
of adsorbent, qe (mg/g) was calculated by the following 
equation:

q
V C C
We

e=
−( )

×
0

1 000,
 (1)

where V is the volume of MPE in liter, C0 and Ce are the initial 
and final concentrations (mg/L) of Cr(VI) and Pb in MPE, W 
is the weight (g) of adsorbent.

2.5. Equilibrium and kinetic studies

The different equilibrium adsorption isotherms were 
determined using batch studies. Equilibrium studies were 
performed at Cr(VI) initial concentration range 25–85 mg/L 
and Pb initial concentration range 3.5–17.5 mg/L in a series 
of 250 mL conical, Borosil glass flasks. Each flask was filled 
with 50 mL effluent and adjusted to the desired pH and 
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temperature. Prepared adsorbent was added to each flask 
and kept in isothermal shaker at 150 rpm until equilibrium 
was reached. In between the samples were withdrawn 
to find Cr(VI) and Pb in MPE at certain intervals. After 
150 min, Cr(VI) and Pb concentration was not reduced 
much. The contact time of 250 min was used to achieve 
the equilibrium. The effect of temperature on adsorption 
was studied 20°C, 25°C, 30°C, 35°C, and 40°C. The same 
technique was employed for kinetic tests as that used for 
equilibrium experiments. The kinetic studies for Cr(VI) 
and Pb adsorption were carried out for four different initial 
Cr(VI) and Pb concentrations as discussed above at pH 3.5 
and 25°C (room temperature).

3. Results and discussion

3.1. Characterization of adsorbents

The characteristics of activated carbon prepared from 
peanut shells by carbonization at 400°C and chemical acti-
vation with ZnCl2 are listed in Tables 2–4. It is apparent 
from Table 2 that the activated carbon is acidic (pH 5.4) in 
nature along with high carbon content (83.31 wt.%). The 
specific surface area (SBET) and micropore volume (VD−R) of 
the prepared adsorbent sample was evaluated to 812.43 m2/g 
and 0.85 cc/g, respectively. This value is much better than 
uncarbonized carbon [22]. Which may be due to after car-
bonization of peanut shell, its structure is disturbed and sur-
face area is expanded, and pore volume and pore area also 
increased as data are presented in Table 4. It can be seen from 
the table that the specific surface area (SBET), micropore sur-
face area (SD−R), and micropore volume (Vmicro) of prepared 
carbon is good. This is due to carbonization facilitated the 
evolution of volatile matters from the raw peanut shell, and 

thereby enhanced the porosity in the carbon texture which 
resulted the increase in specific surface area and micropore 
surface area.

X-ray diffraction (XRD) technique is a powerful tech-
nique to analyze the crystalline and amorphous nature of 
the material. In crystalline material, well-defined peaks are 
observed, whereas in non crystalline or amorphous material 
no peaks are observed. The prepared carbon was also char-
acterized by using an XRD machine with 2θ values ranging 
from 0° to 100°. The phase along with purity of the products 
was also examined by XRD. The XRD patterns of prepared 
carbon are shown in Fig. 1. The successive peaks can be 
observed at 20° and 50°, which indicates high purity of the 
prepared carbon. The most intense peak is at 28° and 40°. It 
is clear that the product is crystalline in nature.

SEM study was also carried out of the prepared carbon. 
This study is mostly done to see the morphological structure 
of the material. Fig. 2a presents the SEM image of prepared 
carbon. It is clear from the image that outer surface of the 
material is rough and different sizes of porous structure 
is available. Fig. 2b presents the SEM image of adsorbent 

Table 1
Comparison table for the monolayer adsorption capacity for Cr and Pb using different adsorbents

S. No Investigator Adsorbent used Metal 
removed

Initial concentration 
(mg/L)

% Metal 
removal

1 Naushad et al. [11] YVO4:Eu3+ nanoparticles Cd 25–200 mg/L 82
2 Mittal et al. [12] Multiwalled carbon nanotubes (MWCNTs) were 

chemically modified to form nanocomposite 
with thorium oxide.

Pb 5 to 75 mg/L 94.6

3 Naushad et al. [13] Ti(IV) iodovanadate cation exchanger Pb and Hg 10–60 mg/L Pb = 95
Hg = 65 

4 Naushad et al. [14] EDTA-Zr(IV) iodate composite cation exchanger Pb 2–6 96
5 Naushad et al. [15] Curcumin formaldehyde resin (CFR) Cd 100 mg/L 91.1
6 Gutha et al. [16] (Tomato) leaf powder Ni 30–90 mg/L 58.82 mg/g 
7 Bushra et al. [17] Polyaniline Sn(IV) tungstomolybdate 

nanocomposite (PSTM)
Pb 10–30 mg/L 88

8 Naushad [18] Nano-composite cation exchanger sodium dodecyl 
sulfate acrylamide Zr(IV) selenite (SDS-AZS)

Pb 10–30 µg/mL 90 [18]

9 Ghasemi et al. [19] Fig sawdust activated carbon (FSAC) Pb 100 mg/L 95.8
10 Ghasemi et al. [20] Ash and Fe nanoparticles loaded ash (nFe-A) Pb 50 mg/L 76.4 (Ash) 

84.9 (nFe-A)
12 Present study Ground nut activated carbon Pb

Cr
3.5 mg/L
55.3 mg/L

96.1
94.4

Table 2
Ultimate and proximate analysis of powdered ground nut shell 
adsorbent

Proximate analysis  
(weight %)

Ultimate analysis  
(dry basis) (weight %)

Moisture 7.31 Carbon 73.4
Volatile matter 12.89 Hydrogen 4.23
Ash 10.2 Nitrogen 0.86
Fixed carbon 69.6 Sulfur 0.39
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after the treatment of effluent, which indicates that the inside 
cavities of the porous structure is filled with Cr(VI) and Pb 
ions. The pore walls of the prepared carbon have narrow pores 
which creates higher surface area and adsorption capacity.

Thermal degradation (oxidation) characteristics of acti-
vated carbon obtained after adsorption process was studied 

by means of thermogravimetric (TG), differential thermo-
gravimetric (DTG), and differential thermal analysis (DTA) 
tests in oxidative (air) environment. The result is presented 
in Fig. 3. This curve indicates a weight loss of 21.85% of 
its original weight up to 400°C. Between 400°C and 700°C, 
the sludge was further oxidized and has a weight loss of 
6.5% of its original weight. Between 700°C and 800°C, only 
4.18% weight loss was observed. The DTG curve displays 
a maximum rate of weight loss of 288 µg/min at 444°C. 
Another peak at 575°C indicates a weight loss of 242 µg/min. 
Thermal degradation is an exothermic reaction with a heat 
evolution of 1,330 kJ/kg at a temperature of 450°C (DTA 
curve). The results of TGA shows that the adsorbent can be 
burned and latter on the ash obtained can be used for land 
filling. The moderate heat was evaluated during the burning 
process.

3.2. Adsorption studies

3.2.1. Effect of initial pH

Activated carbons have dual nature, their surface is 
either positively charged or negatively charged, depending 
upon the solution pH [23]. It also contains a number of func-
tional groups such as alkene, aldehyde, etc. The adsorption 
of heavy metals are related to the type and ionic state of 
these functional groups. In addition, the ionic state of met-
als, solubility of metals and degree of its ionization varied 
with pH, hence the pH of an effluent is one of the mandatory 
parameter for the removal of heavy metals [24]. Therefore, 
effect of pH on the removal of Cr(VI) and Pb was investi-
gated over different pH range of 2–9.5 and room tempera-
ture 25°C and the initial concentration of Cr = 55.3 mg/L and 
Pb = 3.5 mg/L. Fig. 4a gives the effect of pH on removal of 
Cr(VI) and Pb. It can be seen from the figure that the adsor-
bent has provided better removal efficiency in the acidic 
range, and maximum adsorption occurred at pH 3.5 for 
both Cr(VI) and Pb. Thereafter, the removal efficiency was 
decreased with increase in pH, and at basic pH negligible 

Fig. 1. X-ray diffractogram of prepared carbon.

Table 3
Physico-chemical characteristics of powdered ground nut shell 
prepared from ZnCl2 activation of peanut shell

Parameters Powdered ground nut shell adsorbent
pH 5.4
C (weight %) 83.31
H (weight %) 1.46
N (weight %) 0.33
O (weight %) 14.9
Yield % 34.12
Bulk density (g/cm3) 0.38

Table 4
Surface area and pore volume analysis of oxidized and 
unoxidized activated carbon samples

Sample Powdered ground 
nut shell adsorbent

Surface area (SBET), m2/g 812.43
Average pore width (DR), (Å) 110.56
Micropore volume (DR), (cc/g) 0.85
Micropore surface area (DR), (m2/g) 1,221.55
Pore diameter (BJH), (Å) 35.63
Surface area (BJH), (m2/g) 566.12
Pore volume (BJH), (cc/g) 0.88
Mesopore volume (cc/g) 0.061
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metal removal was observed. At pH 3.5, the removal of 
Cr(VI) was 78.3% and Pb was 87%, which reduced to 25.41% 
and 21.78% at pH 9.5. In MPE, the Cr (VI) and Pb may exist 
in different ionic forms (HCrO4

−, Cr2O7
2−, CrO4

2–, PbO), which 
are present in unstable form, and stability of these ions is 
mainly based on the effluent pH [25]. It is well known fact 
that at the highly acidic pH, there is large number of H+ 
ions occurred, which neutralized the negatively charged 
adsorbent surface [26], consequently increase in diffusion 

of chromate and Pb into bulk of adsorbent and increase in 
the removal of Cr(VI) and Pb. Apart from this, the decrease 
in adsorption at higher pH may be due to the increase 
in OH– ions in the bulk, which retarded the diffusion of 
chromate ions and Pb ions [27]. As pH increases, the over-
all surface charge of the cell becomes negative and hence 
binding capacity decreases [28]. At near to neutral pH, the 
Pb contain in four oxidation stage, which changes to two 
oxidation stage at acidic pH. The formation of lead oxides is 

Fig. 3. TG, TGA, and DTA of used adsorbent.

Fig. 2. Scanning electron microscope (SEM) images of (a) prepared adsorbent and (b) post treated adsorbent.
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expected by reaction of lead with dissolved oxygen at high 
acidic pH. The lead sulfate (PbSO4) could be also form at 
low pH in presence of sulfate anions, which is quite insol-
uble [29]. Due to all these, removal of Cr(VI) and Pb was 
affected. Similar types of results were found by ALOthman 
et al. [27] and Maheshwari and Gupta [30]. Hence, pH 3.5 
was selected as the optimal pH for further work on Cr(VI) 
and Pb adsorption on prepared adsorbent.

3.2.2. Effect of adsorbent dosage

The adsorbent dose also plays an important role on 
removal of heavy metals from the MPE [31,32]; therefore, 
experiments were conducted at different adsorbent dose, 
the results of metal removal are presented in Fig. 4b. It can 
be seen from the figure that Cr(VI) removal was increased 
from 31.6% to 94.5% and Pb removal was also increased 
from 39.1% to 96.1% with increase in adsorbent dose from 
1 to 5 g/L. This is due to fact that, the higher adsorbent 
dose provides more surface area for adsorption. Percentage 
removal rate of both Cr(VI) and Pb became slow after a 
certain adsorbent mass load.

3.2.3. Effect of particle size

The adsorption of Cr(VI) and Pb at different size of 
adsorbent (40–120 µM) was also studied keeping initial 

concentration of Cr(VI) 55.3 and Pb 3.5 mg/L along with 
adsorbent dose 3 g/L. The results are presented in Fig. 4c. 
The adsorption capacity was found to decrease with increase 
in particle size of adsorbent. The removal of Cr(VI) was 
found to increase from 7.1% to 85.2% and Pb 9.2% to 
89.1% with decrease in adsorbent size from 120 to 40 µM. 
It is well known fact that adsorption is a surface phenomenon 
and adsorption capacity is proportional to the surface area. 
The low particle size has much surface area; due to this high 
removal was found at low particle size. Similar kinds of 
results were observed by other researchers [33,34].

3.2.4. Effect of temperature

Temperature is a surrogate parameter in adsorption 
process. Hence the effect of temperature on adsorption pro-
cess was studied at six different temperatures and results 
are presented in Fig. 4d. At 20°C Cr(VI) and Pb removal 
were achieved to be 84.18% and 88.3% which continued 
to increase up to 88.2% and 92.2% at 45°C. This may be 
due to the fact that temperature incorporates two major 
effects during adsorption process. Increase in the tem-
perature increases the rate of diffusion of the adsorbate 
molecule across the external boundary layer and in the 
internal pores of the adsorbent particles. Variation in the 
temperature causes change in the equilibrium capacity 
of particular adsorbate [35]. Present adsorption process 

Fig. 4. Cr(VI) and Pb removal by adsorption (a) Effect of pH at 25°C, (b) effect of adsorbent dose at pH 3.5 and 25°C, (c) effect of 
particle size at pH 3.5 and 25°C, and (d) effect of temperature at pH 3.5.



245D. Sharma et al. / Desalination and Water Treatment 162 (2019) 239–251

may be endothermic in nature, therefore, with increase in 
temperature, adsorption capacity of adsorbent increased.

3.2.5. Effect of contact time and initial concentration

The adsorption of Cr and Pb with respect to contact 
time at various initial concentration is presented in Figs. 5a 
and b, respectively. The experiments were performed using 
prepared carbon at different initial concentration of Cr(VI) 
(25–85 mg/L) and Pb (3.5–17.5 mg/L) at desired pH (3.5) 
and temperature (25°C). It can be seen from Fig. 5, that 
the amount of Cr(VI) and Pb adsorbed were increased 
with increase in contact time. In addition, the uptake of 
heavy metal was fast in the first 60 min, thereafter rate of 
adsorption decreased and finally equilibrium point was 
observed. The saturation point was found near to 160 min 
for Cr(VI) and 150 min for Pb adsorption. Up to 60 min, the 
fast adsorption of Cr(VI) and Pb ions are due to availability 
of the uncovered surface and active sites on the adsorbent 
[22]. The amount of Cr(VI) and Pb ions adsorbed during 
the equilibrium show the maximum adsorption capacity 
of the adsorbent. The removal efficiency of Cr(VI) and Pb 
depended on the initial concentration of heavy metals. It can 
be seen that for different initial concentration of metals, at 
equilibrium, the amount of Cr(VI) adsorbed increased from 
8.75 to 19.8 mg/g. The amount of Pb adsorbed increased from 
1.23 to 4.1 mg/g. It is due to availability of active surface 

for adsorption. Similar type of result has been reported by 
Rangabhashiyam et al. [36].

3.3. Adsorption kinetics

Kinetics of adsorption process gives useful information 
about the reaction pathways and mechanism of the reactions; 
therefore, studies have been made for adsorption kinetics. 
For this, the pseudo-first-order, pseudo-second-order, and 
intraparticle diffusion models were studied. All models 
were successfully applied for the conformation between 
experimental data and the model predicted values as cor-
relation coefficients (R2). In present studies, higher value of 
R2 indicates that the models are able to describe the kinetics 
of Cr(VI) and Pb adsorption.

3.3.1. Pseudo-first-order equation

The pseudo-first-order equation for solid–liquid systems 
could be represented as [37] follows: 

log
.

q
k t

q qe t e−( ) = −log 1

2 303
 (2)

where qt and qe are the amounts of Cr(VI) and Pb adsorbed 
(mg/g adsorbent) at time t and at equilibrium, k1 is the rate 

Fig. 5. Effect of contact time on (a) Cr(VI) removal and (b) Pb 
removal at different initial feed concentration. pH = 3.5, tempera-
ture = 25°C. 

Fig. 6. Lagergren first-order plot for (a) Cr(VI) and (b) Pb removal 
for different initial feed concentration . pH = 3.5, temperature = 
25°C .
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constant of pseudo-first-order adsorption (min–1). The linear-
ized form of the pseudo-first-order model for the adsorption 
of Cr(VI) and Pb ions at their various initial concentrations 
is shown in Figs. 6a and b, respectively. The values of dif-
ferent parameters were calculated and presented in Table 5. 
The rate constant k1 was calculated from the slope of plots 
of log(qe−qt) vs. t and adsorption density qe was calculated 
from the intercepts of the plots of log(qe−qt) vs. t. It can be 
seen from Table 5 that the value of R2 (0.923–0.98) obtained 
for the pseudo-first-order kinetic model is not so good, 
which indicates poor quality of linearization. It indicates the 
adsorption of Cr(VI) and Pb cannot be well explained by the 
pseudo-first-order kinetic model. Naushad et al. [38] also not 
found to fit good the pseudo-first-order equation for removal 
of Hg2+ on NiFe2O4–NC adsorbent.

3.3.2. Pseudo-second-order equation

As the pseudo-first-order equation could not provide 
the expected results, the pseudo-second-order adsorption 
kinetic equation was applied for further analysis. The pseudo-
second-order equation is expressed as [39] follows: 

dq
dt

k q qt
e t= −( )2

2

�  (3)

where qe and qt are the sorption capacity at equilibrium 
and time t, respectively (mg/g), k2 is the rate constant of the 
pseudo-second-order adsorption (mg/(g min))

The integrated form of Eq. (3) may be obtained as:

1 1
2q q q
k t

e t e−
= +  (4)

which is represent of a pseudo-second-order adsorption. 
Further, Eq. (4) is written as follows: 

t
q k q

t
qt e e

= +
1

2
2  (5)

The initial adsorption rate, h (mg/(g min)) is given as

h k qe= 2
2  (6)

Substituting the value of h into Eq. (5), it can be written as

t
q h

t
qt e

= +
1

 (7)

The graph between t/qt vs. t for Eq. (5) is presented in 
Figs. 7a and b. The value of qe and k2 was calculated which 
are presented in Table 5. The correlation coefficients (R2) 
for pseudo-second-order kinetic model has been achieved 
to near about 0.99. The good values of R2 indicates that the 
current adsorption system follows second-order kinetic 
model. Similar phenomena were also observed by research-
ers in adsorption process [39–41].

3.3.3. Intraparticle diffusion model

The data obtained during the experiments for the adsorp-
tion of Cr(VI) and Pb were also tested for the intraparticle 
diffusion model to recognize the mechanism participated 
in the sorption process. Several steps are involved in the 
adsorption system that are (i) film or surface diffusion, 
(ii) intraparticle or pore diffusion and (iii) adsorption on 
the interior sites of the sorbent. The intraparticle diffusion 
model is expressed as [42,43]:

q k t Ct = +id
1 2/  (8)

where kid is the intraparticle diffusion rate constant 
(mg/g min½), C is the intercept (mg/g). Figs. 8a and b show 
the graph of qt vs. t1/2 and the results are given in Table 5. The 
figure shows three parts. First part is concerned to the diffu-
sion of Cr(VI) and Pb ions from the effluent to the external 
surface of adsorbent, the second part indicates intraparticle 
diffusion, and third part shows the ultimate equilibrium 
stage. The intraparticle diffusion started to slow down the 
process due to extremely low adsorbate concentrations in 

Table 5
Kinetic constant parameters obtained for Cr(VI) and Pb by powdered ground nut shell adsorbent

Heavy 
metal

Pseudo-first-order Pseudo-second-order Intraparticle diffusion model

Ci 
(mg/L)

qe,exp 
(mg/g)

K1 (10–3) 
min–1

qe,cal 
(mg/g)

R2 K2 (10–3) 
(g/mg min) 

qe,cal 
(mg/g)

h 
(mg/gh)

R2 Kid (10–3) 
(mg/g min)

C 
(mg/g)

R2

Cr

25 8.5 29.25 3.48 0.957 8.13 7.23 0.42 0.996 0.58 0.422 0.987
40 12.8 24.9 6.35 0.979 5.61 12.21 83 0.997 0.81 1.63 0.946
55.3 14.9 36.21 6.8 0.957 6.43 14.31 1.31 0.998 0.76 4.3 0.952
70 17.3 42.91 7.82 0.963 7.82 16.89 2.23 0.998 0.91 3.99 0.940
85 19.5 44.02 8.9 0.934 9.21 18.93 3.30 0.997 0.61 9.11 0.940

Pb

3.5 1.23 23.41 7.35 0.926 4.65 0.76 0.0026 0.990 0.10 0.089 0.953
7 2.31 19.51 10.28 0.980 2.57 1.24 0.00395 0.961 0.19 0.352 0.984
10.5 2.89 30.28 11.46 0.923 3.62 2.31 0.193 0.990 0.25 0.58 0.971
14 3.5 37.43 12.56 0.933 3.54 3.14 0.349 0.995 0.29 0.78 0.991
17.5 4.1 39.22 12.82 0.955 5.86 3.62 0.769 0.991 0.09 5.39 0.984
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the effluent. In general, slope of the line in second stage is 
called as intraparticle diffusion rate constant (kid) which is 
presented in Table 5.

3.4. Adsorption isotherm models

To explain the purpose of the fraction of sorbate mole-
cules that are partitioned between liquid and solid phases 
at equilibrium, adsorption isotherm concepts play very 
important role. Therefore, different isotherm models were 
studied for determination of adsorption efficiency. In the 
present study, three adsorption isotherm models namely (1) 
Langmuir, (2) Freundlich, and (3) Temkin were undertaken. 
The Langmuir isotherm model was applied for experimental 
data to ensure equilibrium condition in the linear form 
which is expressed as [44]:

C
q K q

C
q

e

e L m

e

m

= +
1 �  (9)

where Ce is the equilibrium concentration (mg/L) of Cr(VI) 
and Pb in MPE, qe is the amount of Cr(VI) and Pb ions 
adsorbed (mg/g) at equilibrium, qm represents the maximum 
theoretical monolayer adsorption capacity (mg/g), and KL is a 
constant related to the affinity of adsorption sites (L/mg). The 
experimental data of Cr(VI) and Pb adsorptions are plotted as 

Ce/qe against Ce and presented in Figs. 9a and b. The graphical 
presentation of Ce/qe against Ce shows Langmuir adsorption 
isotherm fitted well to experimental data. Thus, it can be said 
that the formation of monolayer coverage of the adsorbate on 
the surface of the adsorbent is suggestable. Langmuir con-
stants qm and KL were obtained from the slopes and intercepts 
of the plots which are presented in Table 6. Data obtained 
during experiments show high affinity with Langmuir model 
at different temperature range studied. The adsorption 
capacity qm of Cr(VI) was increased from 41.17 to 50.2 mg/g 
with increasing temperature. Similarly, the adsorption capac-
ity qm of Pb was increased from 36.07 to 42.811 mg/g with 
increase in temperature. It reflects that the bonding between 
metal ions and active sites of the adsorbent increases with 
temperature. Table 6 also reflects that the KL values are higher 
at higher temperatures, showing endothermic nature of both 
Cr(VI) and Pb adsorption. Similar temperature effects have 
been reported by different researchers for metal adsorption 
[45,46].

The Freundlich isotherm is also an important empirical 
equation to describe the concept of adsorption equilibrium. 
To get the equilibrium data, initial Cr(VI) and Pb concen-
trations were varied while the adsorbent mass was kept 
constant. The equilibrium time of 160 min was used for sorp-
tion experiments. The linear form of Freundlich isotherm 
is expressed as [47]:

ln ln lnq K
n

Ce f e= +
1  (10)

Fig. 7. Pseudo-second-order kinetic plot for (a) Cr(VI) and 
(b) Pb removal for different initial feed concentration. pH = 3.5, 
temperature = 25°C. 

Fig. 8. Intraparticle diffusion kinetic plot for (a) Cr(VI) and 
(b) Pb removal for different initial feed concentration. pH = 3.5, 
temperature = 25°C.



D. Sharma et al. / Desalination and Water Treatment 162 (2019) 239–251248

where Kf (mg/g) and 1/n (g/L) are Freundlich adsorption 
constants, showing the adsorption capacity and adsorp-
tion intensity, respectively. The plot between ln qe against  
ln Ce shows straight lines Figs. 10a and b. The value of Kf 
and n was determined from Fig. 10 and results are pre-
sented in Table 6. The values R2 (0.942–0.998) indicate 

that the Freundlich isotherm fitted well to the experi-
mental data. The Freundlich constant, Kf was increased 
with temperature, indicating that the adsorption process is 
endothermic. The high value of n is an indication of the 
favorability of adsorption [48]. Similar type of result was 
found by Alqadami et al. [49] for the removal of U(VI) 

Fig. 9. Langmuir adsorption isotherms for (a) Cr(VI) and (b) Pb 
removal at different temperatures and pH = 3.5.

Table 6
Langmuir, Freundlich, and Temkin isotherm constants for Cr(VI) and Pb by powdered ground nut shell adsorbent

Heavy 
metal

T (K) Langmuir isotherm constants Freundlich isotherm constants Temkin isotherm 
constant

qm (mg/g) KL (L/mg) R2 1/n N KF R2 R2

Cr

298 41.17 0.030 0.993 0.33 2.94 0.19 0.985 0.991
303 47.5 0.038 0.993 0.32 3.02 0.21 0.971 0.991
308 48.75 0.044 0.997 0.31 3.15 0.23 0.998 0.983
313 49.5 0.046 0.987 0.29 3.41 0.245 0.986 0.982
318 50.2 0.047 0.984 0.34 2.82 0.252 0.942 0.981

Pb

298 36.07 0.024 0.997 0.45 2.1 0.285 0.998 0.985
303 38.08 0.028 0.992 0.40 2.45 0.412 0.983 0.985
308 39.48 0.030 0.997 0.31 3.17 0.642 0.983 0.986
313 41.6 0.031 0.988 0.27 3.62 0.74 0.988 0.984
318 42.81 0.032 0.983 0.32 3.02 0.82 0.984 0.985

Fig. 10. Freundlich adsorption isotherms for (a) Cr(VI) and 
(b) Pb removal at different temperatures and pH = 3.5.
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and Th(IV) metal ions on organic frame based composite 
adsorbent.

The Temkin isotherm model is also a popular method 
to predict the feasibility of process. This model is based on 
assumption that the adsorption energy decreases linearly 
with the surface coverage due to adsorbent–adsorbate inter-
actions. The linear equation of Temkin isotherm model is 
written as [50]:

q RT
b

K RT
b

Ce
T

t
T

e= +ln ln  (11)

where bT is the Temkin constant related to the heat of 
sorption (kJ/mol), KT is the equilibrium binding constant 
corresponding to the maximum binding energy (g–1).

The graph between qe vs. ln Ce for Temkin adsorption 
isotherm are presented in Figs. 11a and b for Cr(VI) and 
Pb adsorption, respectively. The Temkin constant bT was 
evaluated to 0.50 kJ/mol for Cr(VI) adsorption and 0.45 kJ/
mol for Pb adsorption. Similarly KT was evaluated to 135 L/g 
for Cr(VI) and 110 L/g for Pb adsorption. Temkin isotherm 
was found to well fit in term of R2 value which is presented 
in Table 6.

3.5. Thermodynamic studies

To determine the feasibility and nature of adsorption 
process, the different thermodynamic properties such as 

ΔG° (standard free energy), ΔH° (enthalpy change), and ΔS° 
(entropy change) were evaluated. The experimental data 
evaluated based on different temperatures range was used 
to obtain the thermodynamic parameters. The values of 
ΔH° and ΔS° were calculated from the slopes and intercepts 
of the plots of ln Kc vs. 1/T as shown in Figs. 12a and b using 
the following equation [51].

lnK H
RT

S
Rc =

°
+

°∆ ∆
 (12)

The ΔG° (Gibbs free energy change) was calculated 
from the following relation.

∆ ∆ ∆G H T S° ° °= −  (13)

where Kc (m3/g) is the standard thermodynamic equilibrium 
constant defined by qe/Ce. The values of ΔG°, ΔH°, and 
ΔS° for Cr(VI) and Pb adsorption are given in Table 7. It 
can be seen from the table that the value of ΔH° is posi-
tive, indicating that the current adsorption process is endo-
thermic. Furthermore, the value of ΔG° is negative which 
shows spontaneity of adsorption process. The decrease in 
ΔG° with increase in temperature shows that the adsorp-
tion is more favorable at high temperature. Similar type 
of result has been reported by Alqadami et al. [52] for the 
adsorption of Cd(II), Cr(III), and Co(II) over nano compos-
ite adsorbent.

Fig. 11. Temkin adsorption isotherms for (a) Cr(VI) and (b) Pb 
removal at different temperatures and pH = 3.5. Fig. 12. Plot of ln Kc vs. 1/T for (a) Cr(VI) and (b) Pb removal.
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3.6. Adsorption/desorption mechanism

Based on the previous work done by various research-
ers and based on present studies, the mechanism for the 
adsorption of Cr(VI) and Pb metals ions onto prepared 
adsorbent can be explained as the peanut shell has several 
hydroxyl and carbonyl groups [53]. These groups available 
as electron-rich species are responsible to donate the elec-
tron to the electropositive metal. Therefore, these groups 
were bonded to the Cr2+ and Pb2+ metal ion by electrostatic 
attraction [54]. The charges in Cr2+ and Pb2+ at different pH 
changes, and changes in surface properties of adsorbent at 
different pH has been already explained in section 3.2.1, 
which was responsible for metal removal at different pH.

4. Conclusion

Adsorbent was prepared from peanut shell by carbon-
ization and chemical activation using ZnCl2, which was 
found to be very effective for removal of a toxic Cr(VI) and 
Pb from MPE. The peanut shell is available easily in India 
hence it can be used as an adsorbent for removal of different 
metals. In addition, Table 1 demonstrates that prepared 
adsorbent is better than other adsorbent in term of results, 
availability and cost. Prepared carbon had good surface 
area (SBET = 812.43 m2/g, BJH = 566.12 m2/g) and contained 
micropores (1221.55 m2/g) and mesopores (0.061 cc/g). The 
removal of Cr (VI) and Pb was observed to be dependent on 
the initial feed concentration and effluent pH. 94.4% Cr (VI) 
removal of initial Cr (VI) = 53.3 mg/L and 96.1% Pb removal 
of initial Pb = 3.5 mg/L were achieved at pH 3.5, tempera-
ture 25°C and adsorbent dose 5 g/L. The percentage metal 
removal was increased with decrease in adsorbent particle 
size and decreased with decrease in adsorbent dose. The 
kinetics of Cr(VI) and Pb followed pseudo- second-order 
rate expression with R2 ≈ 0.99. Among three different iso-
therm model such as Langmuir, Freundlich, and Temkin, 
the Langmuir adsorption isotherm models fitted well in 
temperature range studied. Cr(VI) and Pb adsorption on 
prepared carbon sample was found to be endothermic 
as qm and KL values were higher at higher temperatures. 
The value of ΔG° (approximately –33 kJ/mol) was observed 
negative which shows the feasibility of prepared carbon for 
the adsorption process.
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