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a b s t r a c t
This article describes the development of an adsorbent from peanut shell (PNS) for removing Cr(III) 
from tannery effluents. Adsorbent was prepared by pyrolysis of peanut shell followed by activa-
tion with NaOH and was characterized by different analytical methods. Adsorption capacity and 
removal rate of Cr(III) were determined. The adsorption capacity of activated PNS was investi-
gated through batch experiments with the effect of pH, adsorbent doses, contact time, initial con-
centration, and temperature. Adsorption capacity and rate of removal of Cr(III) were 74.79 mg/g 
and 54.21%, respectively. The highest adsorption capacity (qm) calculated from Langmuir iso-
therm was 104.82 mg/g. Adsorption isotherm of Cr(III) on PNS was studied by Langmuir and 
Freundlich models which revealed that Langmuir model fitted the best with a R2 value of 0.999. 
The adsorption kinetics of Cr(III) on PNS followed pseudo-second-order reaction model with a R2 
value of 0.9979. The experimental data of Cr(III) adsorption were also fitted well with the pseudo- 
second-order kinetic model. Various physico-chemical parameters of chrome tanning effluent were 
also evaluated prior to and subsequent to adsorption.
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1. Introduction

One of the most important environmental concerns of 
this century is the contamination of surface water with heavy 
metals. As we know, heavy metals cannot be degraded or 
destroyed; hence they are interminable in all parts of the env-
ironment [1,2]. Worldwide water sources are going under 
serious threat due to unplanned industrialization and urb-
anization. In the developing countries like Bangladesh, there 
is a tendency to set up industries beside the water bodies, 
and discharges untreated industrial waste to the surface 

water. Chromium compounds have gained extensive appli-
cations in leather tanning, textile dyeing, wood preservation, 
printing inks, paints and pigments, and metal plating [3]. 
Tannery effluents contain high chromium content and other 
organic and inorganic pollutants of a very heterogeneous 
group of elements in their properties and functions [4].

In leather tanning, 60%–70% of employed chromium is 
consumed by leather and the rest 30%–40% remains in the 
spent tan liquor [5]. It is reported that the waste and spent 
liquor from tanneries contain 10–50 and 2,900–4,500 mg/L 
of chromium, respectively [6]. The discharged unexploited 
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Cr from chrome tanning causes serious risk to the envi-
ronment. In particular, the hexavalent chromium poses an 
urgent warning since it is highly reactive and carcinogenic 
[7]. Hexavalent chromium is 1,000 times higher toxic than 
trivalent chromium because of its solubility and mobil-
ity [8]. Trivalent chromium is not so harmful, though large 
amounts of chromium ion (Cr3+) can affect the ecological 
environment remarkably [9]. The maximum permissible 
level of Cr(VI) is 0.05 mg/L, and the total chromium is below 
2 mg/L in accordance with the United States Environmental 
Protection Agency (UNFPA) [10]. Adsorption is considered 
the most convenient processes for toxic metals removal 
from industrial wastewater as adsorbents are easily availa-
ble in the form of industrial, biological and domestic waste, 
usable after regeneration, useful in wide range of pH, eco-
friendly and low-cost [11–17]. Activated carbons are the 
mostly used adsorbents to remove toxic substances from 
water [18]. There are some other adsorbents, such as hydro-
phobic cross-linked polyzwitterionic acid (HCPZA) resin, 
polyamide grafted eggshell (CMP), silica-multiwall carbon 
nanotubes (SiO2-CNT), polyamide modified baghouse dust 
nanocomposite (PMBHD) [19–21]. It is well known that tri-
valent chromium salt, basic chromium sulphate is used in 
tanning of hides and skins. Unless oxidized it is exist in the 
effluent and environment as Cr(III) form which is required 
to be removed and reused. The sustainability of leather sec-
tor in Bangladesh is facing a big challenge for the removal 
of chromium from tannery effluent. However, most of the 
previous research focused on treatment of Cr(VI) and a 
very limited research is carried out for used Cr(III) removal 
from tannery effluent with adsorbents prepared from agro-
waste. Some research groups reported the adsorption capac-
ity of saw dust (5.52 mg/g), paper mill lignin (17.97 mg/g) 
and endocarp of açaí berry (1.211 mg/g) [22], although the 
adsorption capacities were not satisfactory. In this research, 
the preparation of a cost-effective and efficient adsorbent 
from peanut agro-waste and its adsorption performance, 
kinetics and thermodynamics were studied in detail.

2. Experimental

2.1. Materials

Peanut shells were collected from the local market at 
Hazaribagh, Dhaka, Bangladesh. They were stripped off and 
cleaned with deionized water to eliminate dust and other 
contaminants, and dehydrated completely. Chromium(III) 
sulfate [Cr2(SO4)3·6H2O] as the source of Cr(III) was collected 
from Qualikems Fine Chem., India. Sulfuric acid (98%) and 
NaOH were procured from Merck, Germany. All chemicals 
were used as received without further treatment.

2.2. Instruments

Fourier transform infrared spectroscopy (FTIR (8400S 
Shimadzu, Japan), scanning electron microscopy (SEM (JSM-
6490LA, JEOL, USA) were used for the characterization of 
the adsorbents. Concentration of Cr(III) were determined 
with ICPMS (7900 Agilent Technologies International Ltd, 
Japan) and UV-VIS Spectrophotometer (UV-1700 Pharma 
Spec, SHIMADZU).

2.3. Preparation of activated peanut shells

Dried peanut shells (250 g) were pyrolyzed in a vertical 
tube furnace at 500°C ± 10°C for 2 h and then chemically 
activated with analytical grade NaOH. A 25% NaOH solu-
tion was added to charcoal (138 g) with stirring and left for 
24 h to complete chemical activation. Then it was washed 
with distilled water and dried in an oven at 110°C–115°C. 
Carbonization enriched carbon content and created a pri-
mary porosity, and activation enlarged the pores [23]. The 
activated dried peanut shells (PNS) were then powdered 
and used in this study.

2.4. Batch adsorption studies

Chromium(III) stock solution was prepared by dis-
solving [Cr2(SO4)3·6H2O] salt with deionized water and the 
necessary working solutions were prepared by dilution. 
Initial concentration of [Cr2(SO4)3·6H2O] solutions (32.06, 
69.19, 135.43, 187.57, 271.74, 301.26, and 363.47 mg/L) were 
determined by ICPMS and developed the calibration curve 
with UV-Visible Spectroscopy at 421 nm wavelength. A 
series of conical flasks in a orbital shaker with 25 mL of 
[Cr2(SO4)3·6H2O] solution and fixed adsorbent doses (2.5 g/L) 
were used for conducting batch experiment. In order to 
determine the effects of pH, adsorbent dose, contact time, 
initial Cr(III) concentration, and temperature on adsorption 
of Cr(III), multiple experiments were conducted. The pH of 
solution was controlled at 3.0–5.0 with the addition of H2SO4 
and NaOH [24]. The initial concentration of the solution for 
the study was 256 ppm. All batch experiments were per-
formed at a fixed speed of orbital shaker (160 rpm). Whatman 
filter paper was used to filtrate and then the filtrate was 
analyzed with UV-Visible spectroscopy. After completion of 
batch experiments, a chrome tanning effluent sample was 
studied with the prepared adsorbent for Cr(III) removal 
and adsorption capacity was calculated by the following  
equation.

q
C C V
Wt

t=
−( )0  (1)

where C0 = initial concentration of Cr3+ solution (ppm), 
Ct = concentration of Cr3+ solution (ppm) at time t, V = volume 
(L) of the Cr3+ solution and W = mass (g) of the adsorbent.

Eq. (2) was used to calculate equilibrium adsorption 
capacity, qe (mg/g).

q
C C V
We

e=
−( )0  (2)

where Ce = concentration of Cr3+ solution (ppm) at equilibrium.
Percentage (%) of Cr(III) removal was determined follow-

ing Eq. (3).

%Removal =
−( )

×
C C
C

e0

0

100  (3)

where C0 and Ce is the initial and equilibrium concentration 
of Cr(III) solution, respectively.
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3. Results and discussion

3.1. Characterization

In this work, pyrolyzed nut shell (PNS-1) and activated 
pyrolyzed nut shell (PNS-2) were prepared and were char-
acterized with SEM, X-ray diffraction (XRD) and FTIR spec-
troscopy. Pyrolyzed activated nut shell after adsorption 
(PNS-3) of Cr(III) was also characterized similarly.

3.1.1. FTIR analysis

It is known that peanut shell is composed of cellulose, 
hemicelluloses and lignin. PNS undergoes different changes 
during activation and the Cr(III) adsorption process. The 
vibrational changes of PNS after activation and adsorption 
process were examined by means of FTIR spectroscopy. 
The FTIR spectra of PNS-1, PNS-2 and PNS-3 are depicted 
in Fig. 1.

A several functional groups were relocated at different 
frequency level and disappeared after chemical activation 
and adsorption [25]. Broad peaks centered at 3,332; 3,325 
and 3,340 cm–1 were detected in the IR spectra of PNS-1, 
PNS-2 and PNS-3, respectively owing to the presence of  
–OH groups [26]. Peaks at 1,712; 1,728 and 1705 cm–1 indicat-
ing –C=O groups were also present in the IR spectra [17,27]. 
C–H stretching vibrations were found at 2,970 and 2,885 cm–1 
in PNS-1; 2,939 and 2,870 cm–1 in PNS-2 and 2,970 and 
2,885 cm–1 in PNS-3. The peak at 1,373; 1,350 and 1373 cm–1 
in IR spectra of PNS-1, PNS-2 and PNS-3, respectively were 
because of crystalline cellulose.

3.1.2. SEM analysis

Surface morphology of activated PNS was investigated 
using SEM. In Fig. 2 the SEM image shows the lamel-
lar, irregular and heterogeneous structure and numer-
ous cavities of activated PNS. These features of adsorbent 
support the metal adsorption process in aqueous media.

3.1.3. XRD analysis

The XRD pattern of activated PNS is shown in Fig. 3.  
No well-defined peak related to crystalline phase was 
observed in the X-ray diffraction pattern. It shows a typical 
peak of carbonaceous compound. A hump in the range of 
2θ = 20°–30° and a peak at 2θ = 22.8° were observed due to 
the amorphous structure with a high degree of disorder of 
PNS. The broad and weak peaks observed in XRD pattern of 
PNS represent the presence of amorphous carbon [28].

3.2. Effect of adsorption capacity of PNS on Cr(III)

3.2.1. Effect of pH

Fig. 4 interprets the effect of pH on adsorption capac-
ity of PNS and it exhibits that Cr(III) adsorption capacity 
of PNS was increased with increasing the pH of solution 
from 3.5 to 5.0. The positively charged metal ion adsorp-
tion is decreased at low pH due to protonation of carboxyl 
groups. On the other hand, adsorption is augmented at 
higher pH (above 4.00) due to negatively charged carboxyl-
ate (–COO–) ligands as a result of deprotonation of carboxyl 
groups resulting in an attraction of metal ions [29]. The sur-
face negativity of PNS was increased with increasing pH, 
which was observed from zeta potential value (Fig. 4c).
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Fig. 1. FTIR spectra of pyrolyzed nut shell (PNS-1), NaOH 
activated pyrolyzed nut shell (PNS-2), Cr(III) loaded NaOH 
activated pyrolyzed nut shell (PNS-3).

 

Fig. 2. SEM image of NaOH activated PNS.
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Fig. 3. XRD patterns of PNS.
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Cr(III) species as Cr(H2O)6
3+, Cr(OH)(H2O)5

2+ and 
Cr(OH)2(H2O)4

+ generally bear positive charges and is abs-
orbed by the negatively charged adsorbents [30]. In this 
work, all the batch experiments were carried out at pH 5.0 
to attain possible highest adsorption capacity without any 
precipitation of Cr(III) [31]. Moreover, Cr(III) can be pre-
cipitated and separated as Cr(OH)3 from aqueous solution 
at pH > 6.0 [32].

3.2.2. Effect of adsorbent dose

Adsorption capacity and % of removal as a function 
of adsorbent (PNS) dose is presented in Fig. 5. Different 
dosages of PNS were employed to optimize the doses for 
maximum amount of Cr(III) removal from aqueous solution.

Adsorption capacity of PNS decreased from 75.16 to 
52.65 mg/g with increasing the doses from 1.5 to 4.0 g/L, 
whereas percentage of removal was increased from 46.86% 
to 87.53%. An increase in percentage Cr(III) removal is 
assumed because of the increment of available adsorption 
sites, while the availability of remaining unsaturated sites 
decreased adsorption capacity [33].
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3.2.3. Effect of contact time and concentration on adsorption

Various concentrations of Cr(III) solutions, that is, 
125, 196, 278, 330, and 370 mg/L were used to find the ini-
tial concentration effect on adsorption capacity. 2.5 g/L 
NaOH treated PNS was added to 25 mL Cr(III) sulfate 
[Cr2(SO4)3·6H2O] solution and was shake in an orbital shaker 
at room temperature. Percentage (%) removal and adsorption 
capacity were determined at different time interval to find 
out the equilibrium point. The percentage of Cr(III) removal 
was decreased as the sorption sites get saturated by a higher 
amount of metal ions. A high percentage of Cr(III) removal 
was detected at low Cr(III) ions concentration as a result 
of availability of adsorption sites.

Fig. 6 shows that the adsorption capacity increased 
with increasing the duration of adsorption. The percent-
age of Cr(III) removal was high initially, probably because 
of the accessibility of bigger contact area of activated PNS. 
It is found that adsorption reached at equilibrium almost 
after 240 min. It is also observed that adsorption capacity 
was increased and % of removal was decreased with the 
increasing of metal ion concentration. In the case of 125 ppm 
initial Cr(III) concentration, adsorption capacity and % of 
removal was 37.22 mg/g and 74.49% while at 196, 278, 330 
and 370 ppm initial concentration, adsorption capacity and 
% of removal were 53.51 mg/g and 68.46%, 68.53 mg/g and 
61.94%, 74.11 mg/g and 56.49%, 79.00 mg/g and 53.79%, 
respectively. The highest adsorption capacity (79.00 mg/g) 
was obtained in case of 370 ppm solution.

3.3. Adsorption isotherm of PNS

Adsorption isotherm shows a relationship between the 
quantities of adsorbate (mg) removed from the liquid-phase 
with unit mass of an adsorbent (g) at a certain tempera-
ture [34,35]. Langmuir and Freundlich isotherm models 
were applied to study the adsorption capacity of activated 
PNS for Cr(III) removal from aqueous solution.

3.3.1. Langmuir isotherm

It represents the monolayer adsorption process on 
a homogeneous surface without interaction between 

adsorbed adjacent molecules. The following Langmuir 
equation was employed to study the adsorption isotherm 
of Cr(III) on PNS.

C
q q b q

Ce

e m m
e= +

1 1
 (4)

where qe is the monolayer saturation adsorption capacity of 
the adsorbent (mg/g), Ce is the equilibrium concentration 
(mg/L), b is the Langmuir adsorption constant (L/mg) and qm 
is the equilibrium adsorption capacity. Therefore, a plot of 
Ce/qe vs. Ce should be a straight line with a slope (1/qm) and 
an intercept as 1/qmb. The constant values of qm and b were 
calculated and reported in Table 1. A dimensionless equilib-
rium parameter, the separation factor RL, was also calculated 
for further analysis of Langmuir isotherm using Eq. (5) [36].

R
C bL
m

=
+

1
1

 (5)

where b = Langmuir adsorption constant (L/mg) and 
Cm = maximum concentration (mg/L) of the Cr(III) ion. 
The RL value at 0–1 indicates favorable and RL > 1 indicates 
unfavorable adsorption whereas, RL = 1 indicates linear 
adsorption. The adsorption process is irreversible if the RL 
value is 0 [37].

Fig. 7a shows a linear relation between Ce/qe and Ce 
and a high correlation coefficient (R2 = 0.999) which indi-
cates a good agreement between the parameters. The value 
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Fig. 6. Effect of contact time and initial concentration on adsorption.

Table 1
Isotherm constants for Cr(III) adsorption on PNS

Langmuir 
constants

Values Freundlich 
constants

Values

qm (mg/g) 104.820 KF 8.221
b (L/mg) 0.017 N 2.255
R2 0.999 R2 0.986
RL 0.138
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of parameter RL of this study is 0.138 (0 < RL < 1) which is 
consistent with the condition of a favorable adsorption.

3.3.2. Freundlich model

Freundlich isotherm corresponds to the adsorption of 
heavy metal ions by multilayer adsorption process on a het-
erogeneous surface. This model is expressed by Eq. (6) as 
follows:

ln ln lnq K
n

Ce F e= +
1  (6)

where qe is the equilibrium adsorption capacity, KF the sorp-
tion capacity (mg/g), Ce is the equilibrium concentration 
(mg/L), and n is an empirical parameter. Freundlich constant 
“n” reveals the surface heterogeneity and the favorability of 
adsorption. The adsorption is favorable if the “n” value is 
less than 10 and higher than 1 [38]. The plot of lnqe vs. lnCe 
shown in Fig. 7b was obtained by plotting the experimen-
tal data. Values of KF, n, and correlation coefficients (R2) are 
established and presented in Table 1.

The graphical representation of lnqe and lnCe showed 
that the plot is a straight line with an intercept of lnKF and 
a slope 1/n. The value of correlation coefficient R2 is 0.986 
which revealed the surface heterogeneity of PNS and 
multilayer adsorption process.

3.4. Kinetic studies of the adsorption of Cr(III) on PNS

The adsorption kinetics of Cr(III) on PNS was studied to 
determine the promptness of ion transfer from aqueous to 
solid phase and to determine the required time for reaching 
equilibrium between the phases [39]. In this research, both 
the pseudo-first-order and pseudo-second-order kinetics 
models were exploited to study the adsorption of Cr(III) 
ion on NaOH treated PNS.

3.4.1. Pseudo-first-order model

The adsorption of an adsorbent from an aqueous solu-
tion is studied by widely used pseudo-first order equation 
developed by Lagergren. In this model it is assumed that 

rate of change of solute uptake is directly proportional to 
the difference in saturation concentration and the amount of 
solid uptake with time.

dp
dt

k q qe t= −( )  (7)

when qt = 0 at t = 0, Eq. (7) is integrated and then rear-
ranged to achieve the following linear form.

log log
.

q q q
k

te t e−( ) = − 1

2 303
 (8)

where qe and qt are the amount of solute adsorbed at equi-
librium per unit weight of adsorbent (mg/g) and at any 
time (mg/g), respectively and k1 is the adsorption constant. 
Experimental data were plotted according to Eq. (8) and 
is demonstrated in Fig. 8a.

3.4.2. Pseudo-second-order model

The following equation is represented the pseudo- 
second-order kinetics model [40]:

t
q k q q

t
t e e

=






+







1 1

2
2  (9)

The plot of t/qt vs. t showed a linear relationship with 
an excellent correlation coefficient (R2) value of 0.9979 
(Fig. 8b). Therefore, the experimental data also fitted well 
with the pseudo-second-order kinetic model. The value 
of qe and k2 were determined from the slope and intercept 
of the plot. The values of different parameters of both the 
kinetic models are shown in Table 2.

The data presented in Table 2 revealed that pseudo- 
second-order kinetic model described the experimental data 
of adsorption of Cr(III) on PNS better than pseudo-first- 
order kinetic model. It was also found that correlation coef-
ficient (R2) value of pseudo-second-order kinetic model 
was also better than that of pseudo-first-order kinetic 
model. In case of pseudo-second-order kinetic model the 
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Fig. 7. (a) Langmuir and (b) Freundlich adsorption isotherm plots for adsorption of Cr(III) on NaOH treated PNS.
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theoretical qe values agreed well with the experimental val-
ues of qe. Thus, Cr(III) adsorption on PNS is followed by 
pseudo-second-order kinetic model.

3.5. Thermodynamics of adsorption of Cr(III) on PNS adsorbent

Thermodynamics of Cr(III) adsorption on PNS was also 
studied and adsorption experiments were accomplished 
at temperatures of 293, 308, 323 and 338 K to detect ther-
modynamic parameters, for example, Gibbs free energy 
(ΔG°), enthalpy (ΔH°), and entropy (ΔS°) by the following 
equations:

∆G RT Kd° = − ln  (10)

lnK H
RT

S
Rd =

− °
+

°∆ ∆  (11)

∆
∆ ∆S G H

T
° = −

° − °  (12)

where Kd = the distribution coefficient of adsorbent obtained 
by qe/Ce. R = the gas constant (8.314 kJ/mol); T = adsorp-
tion temperature (K). ΔH° and ΔS° is determined from the 
plot between lnKd and 1/T [41] which is demonstrated in  
Fig. 9b.

All thermodynamic parameters calculated for the 
adsorption Cr(III) on PNS is shown in Table 3.

The values of ΔG° for Cr(III) adsorption on PNS at the 
temperatures of 293, 308, 323 and 338 K were found to be 
–2.015, –1.345, –0.559 and –0.171 kJ/mol, respectively. The 
negative values of ΔG° revealed that Cr(III) adsorption on 
PNS was favorable and spontaneous. The negative value 
of ΔH° indicated that the Cr(III) adsorption on PNS was 
exothermic in nature. The negative value of ΔS° revealed 
the decrease in randomness at the solid/solute interface 
during the Cr(III) adsorption on PNS [42].

3.6. Regeneration of used PNS adsorbent

The possibility of re-using PNS as adsorbent was inves-
tigated. Cr(III) loaded PNS was regenerated using 1.0 M 
H2SO4 and NaOH solution thrice. Experimental pH, adsor-
bent dose and other conditions were at optimum level. 
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Table 2
Pseudo-first-order and pseudo-second-order rate constants for Cr(III) ion adsorption

Kinetic model Parameters 125 ppm 196 ppm 278 ppm 330 ppm 370 ppm

Pseudo-first-order

qe* (mg/g) 37.14 49.46 67.94 73.60 78.50
k1 0.00456 0.00410 0.00637 0.00712 0.00953
R2 0.875 0.805 0.894 0.989 0.990
qe** (mg/g) 16.71 24.05 19.02 30.14 37.60

Pseudo-second-order
k2 0.00128 0.00078 0.00162 0.00087 0.00078
R2 0.989 0.995 0.999 0.998 0.998
qe** (mg/g) 36.82 53.28 68.12 74.68 80.52

*Experimental;
**Theoretical.
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The results of regeneration studies are tabulated in Table 4 
which shows that adsorption capacity gradually decreased 
from 48.62 to 22.70 mg/g. It is evident that regenerated 
PNS can reuse for Cr(III) removal from aqueous solution.

3.7. Real sample analysis

The effluent of chrome tanning was collected from 
Reliance Tannery, Tannery Industrial Estate Dhaka (TIED), 
Hemayetpur, Savar, Dhaka. In order to study the adsorp-
tion of Cr(III) ions from the concentrated chrome tanning 
effluent, 12.5 g of activated PNS was inserted to 500 mL of 
effluent followed by shaking in an orbital shaker at atmo-
spheric temperature for 4 h at pH 5.0. The results of the 
physico-chemical parameters before and after adsorption 
are shown in Table 5. It is observed that 54.19% Cr(III) was 
removed from real sample. After adsorption with PNS the 
water quality parameters of collected tannery effluent such 
as total dissolved solids (TDS), electrical conductivity (EC), 
biochemical oxygen demand (BOD5), chemical oxygen 
demand (COD), etc. were also reduced significantly.

3.8. Plausible mechanism of adsorption of Cr(III) on PNS

The study on adsorption mechanism is critical for the 
removal of metal from aqueous solution. The electrostatic 
interaction between oppositely ionized particles through 
different bond formations, such as hydrogen bonding, Van 
der Waals force, dipole-dipole induction, ion-exchange, etc.  

can be dealt with sorption mechanism. The surface che-
mistry and pore density/volume are:

The two topmost variables, that is, the surface chemis-
try and the pore density/volume plays significant influences 
throughout the sorption process of a solute onto an adsor-
bent surface. It was revealed from previous study that the 
functional groups like, carboxyl, hydroxyl, methoxy, and 
phenolic groups present in pyrolyzed peanut shell, which 
could attach and remove metallic ions and the other pol-
lutants from wastewater [43,44]. In general Cr ions form 
hexacoordinate complexes. In the present study, it is 
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Fig. 9. (a) Adsorption capacity at different temperature and (b) plots of lnKd vs. 1/T for Cr(III) adsorption by PNS.

Table 3
Thermodynamic parameters for adsorption of Cr(III) on PNS

T (K) ΔG° (kJ/mol) ΔH° (kJ/mol) ΔS° (kJ/mol)

293 –2.015

–12.799 –0.036
308 –1.345
323 –0.559
338 –0.171

Table 4
Adsorption capacity of regenerated PNS

Regeneration of the adsorbent Capacity (mg/g)

NaOH activated PNS 61.86
1st recycle 48.62
2nd recycle 28.95
3rd recycle 22.71

Table 5
Physico-chemical parameters of tannery effluents before and 
after adsorption

Parameters Before 
adsorption

After 
adsorption

% of 
removal

Cr(III) (ppm) 3,477.50 1,592.72 54.19
Adsorption 
capacity (mg/g)

– 74.79 –

pH 4.1 5.2 –
TDS (ppm) 5,135 2,203 57.09
EC (µS/cm) 10,165 5,421 46.67
NaCl (%) 17.60 8.30 52.84
BOD5 (ppm) 4,643 2,238 51.79
COD (ppm) 12,164 5,669 53.40
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assumed that carboxylate groups containing PNS cellulose 
form hexacoordinate complexes by capturing Cr(III) ions 
from the solution (Fig. 10).

4. Conclusion

In this work, an adsorbent was developed by pyrolysis 
of peanut shell followed by activation with NaOH and was 
characterized with FTIR, SEM and XRD. This study showed 
that PNS treated with NaOH could be a suitable adsorbent 
for Cr(III) removal from aqueous solution. Adsorption of 
Cr(III) on PNS was explained well by the Langmuir model. 
The maximum adsorption capacity of PNS for Cr(III) was 
104.82 mg/g. The adsorption of Cr(III) was influenced by 
pH of solution and the optimum pH was found 5.0. Pseudo-
second-order kinetic model described the experimental 
data better than the pseudo-first-order kinetic model. ΔH° 
and ΔS° value were found –12.799 and –0.0366 kJ/mol that 
confirmed the feasibility of adsorption. The capacity of 
PNS for Cr(III) adsorption from tannery effluent was found 
74.79 mg/g and the percentage of removal was 54.21%. The 
regeneration of the adsorbent was very simple and reg-
enerated PNS showed good adsorption capacity (48.62%). 
Thus, pyrolyzed and NaOH treated peanut shell could be a 
potential adsorbent for the removal of Cr(III) from tannery 
effluents.
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