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Abstract. The removal of a Basic Blue 41 (BB41) and Basic Red 09 (BR09) from an aqueous solution by
biochar derived from Arachis hypogaea shell (Groundnut shell) was studied. The sorption of cationic
dyes (BB41 and BR09) was studied by varying biochar dosage (1-10 g/L), solution pH (3-10),
temperature (30 to 50 °C), contact time (0-360 min) and initial dye concentration (25-200 mg/L). At
optimum biochar dosages of 2 g/L (BB41) and 1 g/L (BR09), solution pH (8), initial concentration of dye
(50 mg/L), and equilibrium time (240 min), groundnut shell derived biochar recorded BB41 and BR09
uptakes of 22.322 and 40.655 mg/g. The Kinetic research confirmed that the biosorption rate was quick
for groundnut shell-based biochar, and the results were effectively modeled using the Pseudo’s first-order
and second-order Kinetic models. The sorption isotherm studies exhibited that the Sips model provided
better results with high correlation coefficients.
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Introduction

Dyes have been used as coloring agents in the textile industries for many years (Wu
and Ng, 2008). Different types of dyes are used for diverse applications in the textile
manufacturing process; among these, cationic dyes are used the most (Zolliger, 2003).

During the manufacturing of textiles, an enormous quantity of waste sludge and
chemically contaminated water are generated. This chemically contaminated wastewater
taints the water quality and soil fertility of the affected land cover. Compared to
wastewaters released from other industrial applications, those from textile
manufacturing are incredibly complex (Gokulan et al., 2019a).

The appearance of colors in the chemically contaminated sewage could be highly
visible and harmful even at lower concentrations (Nigam et al., 2000). These polluted
wastewaters not only damage the aesthetic nature of the aquatic ecosystem but also
affect the photosynthetic activity of aquatic environments by reducing the level of light
penetration through it (Kang et al., 2019). These polluted waters contain toxic and
carcinogenic substances that must be treated before being discharged into the aquatic
systems (Siddique et al., 2017). However, treatment technologies are often not sufficient
to remedy these volumes of wastewater (Gokulan et al., 2019b). Since the removal of
wastewater is considered as an environmental challenge and mandate of government
legislations made in force of these industries to focus on effective treatment of
wastewater techniques.
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In order to arrest these environmental challenges, various treatment techniques
have been used for the removal of dye from wastewater in textile processing units,
as insisted by the legislative mandate of government. The most commonly used
treatment techniques are Fenton process, photo-Fenton processes (Rosembergue et
al., 2019), photoelectro-Fenton (Paz et al., 2020), photo-ferrioxalate (Sankar et al.,
2015), reverse osmosis (Sahinkaya et al., 2019), electrochemical oxidation
(Nidheesh, 2018), adsorption (Mu et al., 2019), chemical coagulation/flocculation
(Beluci et al., 2019).

There are certain disadvantages and limitations of existing dye removal methods in
real-time applications. For example, the operating cost of the process is expensive, and
they would generate particular wastes that should be treated and disposed of in order to
avoid collateral pollution of the environment (Hua et al., 2019). Biological-adsorption
can be defined as the uptake of pollutants by inactive biomass through physiochemical
treatments (Bhagavathi et al., 2019). Hence adsorption process is viable in dye removal
for industrial applications due to its simplicity and sustainability of a broad variety of
sorbents that can be used in water treatment (Gupta et al., 2009; Mironyuk et al., 2019).

For this purpose, adsorption by agricultural waste by-products have great potential
for removal of different pollutants (Mohebali al., 2019) has proved to be an efficient
remediation technique for removing various contaminants such as Dyes (Charola et al.,
2018; Wakkel et al., 2019), COD (Mohammad-pajooh et al., 2018) Phenol (da Gama et
al., 2018) and heavy metals (Mohammad-pajooh et al., 2018; Liu et al., 2019). In
addition to that, agro wastes, by-products are low-cost, available in abundance around
the world, renewable resources, eco-friendly, and easy to regenerate (Zhou et al., 2015).

Arachis hypogaea or Groundnut shells are the residual waste produced after the
eradication of groundnut seed from its pod. This is a vast agricultural waste with a
minor rate of degradation (Zheng et al., 2013). However, groundnut shells have diverse
applications such as bioethanol production biodiesel production, carbon nano-sheet
formation, and enzyme production. These shells are used as feedstock for biochar
preparation, too (Duc et al., 2019). Biochar is a new and popular alternative for the
treatment of dye-bearing effluents to selectively isolate dye molecules (Gokulan et al.,
2019c). Since the biochar derived from the Groundnut Shell contains various bioactive
and different functional compounds, it can be assessed as a feasible bio-sorbent for the
adsorptive removal of cationic dyes.

Moreover, the use of groundnut shell derived biochar as a biosorbent in the
adsorptive removal of cationic dyes (Basic Blue 41 and Basic red 09) has not been
reported, so far. Therefore, in this study, the Groundnut shell derived biochar (GnSB)
was examined for the adsorptive removal of Basic Blue 41 (BB41) and Basic Red 09
(BR09) as a model cationic dye and characterized in detail. The influencing parameters
of adsorption, including biochar dose, solution pH, initial dye concentration, and
temperature, were correlated with the sorption capacity of the biochar. The adsorptive
performance of biochar for the removal of BB41 and BR09 was evaluated and modeled.

Materials and methods
Biomass and chemicals

Groundnut shell leftover after the removal of seeds from its pod in the oil mills was
used. These shells were obtained from various agro oil processing units in and around
Karumathampatti village of Coimbatore city in Tamil Nadu, India. The collected
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groundnut shells were used as a feedstock for biochar preparation. These feedstocks
were initially washed up with water to remove soil with dust and then exposed to
natural sundry for 48 h. Further, the feedstocks were dried up to at 70 °C for 24 h and
then pulverized to less than 100 mm for biochar production (Luo et al., 2015). BB41
and BRO09 cationic dyes of analytical grade and all other analytical grade chemical
agents were obtained from Sigma Aldrich, India. The dye solution was prepared by the
dissolution of the required amount of BB41 and BR0O9 in deionized water. The solution
pH of the dye was adjusted to the desired value using 0.1 M HCI or 0.1 M NaOH (Jegan
et al., 2016). The chemical structure and characteristics of all the cationic dyes were
illustrated in Figure 1 and Table 1.
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Figure 1. The structure of cationic dyes Basic Blue 41 (a) and Basic Red 09 (b)

Table 1. The characteristics of cationic dyes

Dyes Empirical formula | Colour index Molecular weight ). max
(g/mol) (nm)
Basic Blue 41 C20H26N406S2 11105 482.57 618
Basic Red 09 C19H17N3 HCI 42500 323.82 546

Pyrolysis of biomass

The biomass of 100 g was kept in a crucible covered with small holes of alumina foil
and then flamed at a preferred temperature in a muffle furnace (Mahdi et al., 2017) and
maintained it for 120 min in the existing operating conditions under O limited
environment (Luo et al., 2015). The heating rate was maintained at 5 °C/min in the
pyrolysis, and the resultant biochar was further allowed to cool to room temperature
overnight. This experiment was performed at different temperatures (300, 350, 400,
450, and 500 °C) with three trails at each condition to find out the optimum condition.
The resultant biochar was moved to a desiccator and further used for various sorption
studies.
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Characterization of biochar

The Scanning Electron Microscope was used to determine the surface morphological
conditions of the biochar using ZEISS- GeminiSEM. Before analysis, all dried biochar
samples were coated with a thin layer of gold for electrical conduction. A Fourier
Transform Infrared (FTIR) spectrophotometer (Thermo Scientific Ltd., USA & Nicolet
6700) has been used to study the availability of different surface functional groups on
the sample. Before these analyses, these dried samples were assorted with KBr to form
pellets (Zama et al., 2017).

Adsorption studies

By optimizing the operating parameters with a target to achieve the maximum
sorption uptake, batch trial experiments were performed. The biochar dose was added to
a 250 mL of Erlenmeyer flask consist of 100 mL of dye concentration, and it was mixed
well using an incubated shaker at 200 rpm for 6 h. Then centrifuged for 10 min at
4000 rpm. Finally, the dye concentration was measured from the UV-
Spectrophotometer using the supernatant. These adsorption trials were performed for
different process conditions.

Isotherm and kinetic studies

In order to determine the maximum dye sorption capacity of the biosorbent, isotherm
experiments were carried out by varying the concentrations from 25 to 200 mg/L. The
experiment trials were performed at the desired pH, temperature, and adsorbent dosage. The
amount of dye sorbed was determined by the differences observed between the amount of
dye added to the biomass and the amount present in the supernatant using Equation 1:

_ vilgy—cg)

Biochar uptake: Q e (Eq.1)
The removal efficiency (%) was calculated by using Equation 2:
Removal efficiency (%)= % x 100 (Eq.2)

n

where Q is the uptake of dye by sorbent mg/g, V is the dye solution volume (L), Co is
the initial concentration of dye used (mg/L), C. is the final (equilibrium) concentration
of dye remained in the solution (mg/L), and W is the mass of biochar (g).

Four different equilibrium isotherm models were used to fit the experimental data of
BB41 and BRO09, biosorption onto Groundnut Shell Biochar as given in Equations 3, 4,
5 and 6 (Ayawei et al., 2017).

Freundlich model:

Q= K.C* (Eq.3)
Langmuir model:
— Pmaxbrle
Q= 1+ b;Ca (Eq.4)
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Sips model:
ks
Q= 1+ a,che (Eq-5)
Toth model:
—_ Pmar PTC
Q=—""=— (Eq.6)

[1+(b7C )T 1T

where @pmqx is the maximum uptake of dye by the sorbent (mg/g), 1 is the Freundlich
exponent, Kr is the coefficient of the Freundlich model (mg/g) (L/mg) ", by is the
equilibrium coefficient of Langmuir model (L/mg), @. is the coefficient of Sips model
(L/mg), s is the exponent of Sips model, K is the isotherm coefficient of Sips model
(L/g). by is the constant of Toth model (L/mg), and 7 7 is Toth model exponent.

The kinetic models have been utilized to describe the sorption Kinetics as provided in
the following equations (Egs. 7 and 8):

Pseudo-first-order kinetic model:

Q. = Q. (1— exp(—k,t)) (Eq.7)
Pseudo-second-order kinetic model:

@kt

@ = o (Eq.8)

where @; is the dye uptake capacity at any time t (mg/g), @, is the equilibrium dye
uptake capacity (mg/g), ky (1/min) and k2 (g/mg.min) are the rate constants of the
pseudo-first and pseudo-second-order models, respectively.

Results and discussion
Effect of pyrolysis on biomass

The yield of biochar was strongly influenced by the pyrolytic atmosphere. The
biochar yield was defined as a weight percentage of the biochar recovered after
pyrolysis (Ronsse et al. 2013). Figure 2 illustrates the pyrolytic temperature influences
on biochar yields for the feedstocks. It was evident that the surge in pyrolytic
temperature results in decreases the yield of biochar. This was due to more
decomposition of residues at higher temperatures. After a cautious assessment of the
results presented in Figure 2, the maximum biochar yield was obtained at 350 °C was
used for further studies.

Characterization of groundnutshell derived biochar

The surface morphological functionalities of the cationic dye bounded biochar
derived from the groundnut shell were assessed by the scanning electron microscope, as
shown in Figure 3. From this figure, it is evident that the groundnut shell surface was
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observed to be smooth before pyrolysis, and it is found to be pore and rough after
pyrolysis. The surface sites of the biochar after pyrolysis was enlarged and attained
more binding action between the cationic dyes onto the biochar. The change in action
on the surface of biochar revealed that ion exchange had happened between the
adsorbent and adsorbate (Gokulan et al. 2019d) which in turns on adsorption, this
adsorption of cationic dyes on the surface of biochar decreases its porosity, as reported
(Ahmadi et al., 2012).
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Figure 2. Effect of pyrolysis temperature on the biochar yield
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Figure 3. SEM images of Groundnut Shell (GnS) (a), GnS derived Biochar (GnSB) (b), BB41
bounded GnSB (c) and BR09 bounded GnSB (d)
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In the Energy Dispersive Spectroscopy (EDS) analysis, strong peaks of C, N, O and
S are obtained as depicted in Figure 4. The results demonstrated that carbon (67.00% to
69.53) and nitrogen (6.13% to 7.31%) content increases and whereas oxygen (26.78%
to 23.01%) and sulphur (0.09% to 0.014%) content decreases after pyrolysis. This
decrease is due to the decarboxylation and dehydration with subsequent loss of

hydroxyl and aliphatic groups.
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Figure 4. EDS spectrum of groundnut shell (a) and groundnut shell derived biochar (b)

The FT-IR spectrum of groundnut shell derived biochar, and cationic dyes bounded
biochar are presented in Figure 5. The spectrum shows a number of peaks, which
indicates the complex nature of the biochars.
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Figure 5. FT-IR spectra of groundnut shell biochar and basic dyes bounded biochar

The FT-IR spectrum of biochar barbed out the presence of strong bands at 613 cm™

(C—H (alkynes) band), 744 cm™ (C—H bend), 1114 cm™(C-O stretch (primary alcohols),
1574 cm™ (C = C stretch, N-H bend) 2928 cm™ (C-H stretch (Alkanes and Alkyls)) and
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3339 cm™ (O-H, N-H, stretch). After batch experiments, the biochar spectrum is
insignificantly affected by a particular temperature. However, when the BB41 is
adsorbed on the biochar surface, several adsorption peak bands are observed at 616,
732, 1160, 1583, 2926, and 3341 cm™ The peak at 732 cm™* can be indorsed to aromatic
compounds (Nasuha et al., 2010). When the BR09 is adsorbed, the peaks are observed
at 595, 747, 1170, 1588, 2924, and 3349 cm™*. From the FT-IR spectrum, it is clear that
the biochar bounded with cationic dyes revealed the shifts in a functional group, and it
is due to the transformation of various ions existent in the active sites of the surface of
the adsorbent by dyes sorption. These changes indicate that functional groups on the
biochar may be the potential adsorption sites for biosorption of cationic dyes.

Effect of biochar dosage

The influence of biochar dosage is shown in Figure 6. Biochar dose was varied from
1 to 10 g/L. From the study, it was evident that the percentage removal increases with
an increase in biochar dose and a decrease in dye uptake capacity. For Instance, the
removal efficiency of BB41 and BRQ9 increases from 83.82 to 95.71% and 92.59 to
97.84%, when the dosage increased from 1 to 10 g/L. The experimental rise in
efficiency with the surge in biochar dosage could be due to the presence of diversified
functional groups and surface sites of the biochar (Slimani et al., 2014). Furthermore,
the dye uptake decreases on increasing the biochar dosage. For example, the sorption
ability of BB41 and BR09 by groundnut shell derived biochar declined from 41.913 to
4.786 mg/g and 46.299 to 4.892 mg/g, when the biochar dosage increased from 1 to
10 g/L. At low and high sorbent dosages, the dye sorption uptake is greatly affected.
Similar results were reported (Vijayaraghavan et al., 2015; Jegan et al., 2016).
Comparing the % of removal and dye sorption uptake values, a dose of 2 g/L and 1 g/L,
was selected as an optimal dose for BB41 and BR09 for further experiments.
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Figure 6. Effect of biochar dose on the BB41 & BR09 removal efficiency and sorption uptake
capacity

Effect of pH

The pH is the vital parameter which regulates not only the sorption capacity but
also the sorption efficiency. With due consideration, the experimental trials were
conducted at an optimized biochar dose and desired initial dye concentration of
50 mg/L, the temperature of 35 °C by varying the pH (3-10). Figure 7 illustrates the
influence of pH on dye sorption capacity and the percentage of removal. While
varying the pH from 3 to 8, the sorption uptake capacity of groundnut shell derived

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):1925-1939.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1801_19251939
© 2020, ALOKI Kft., Budapest, Hungary



Jegan et al.: Sorption kinetics and isotherm studies of cationic dyes using groundnut (Arachis hypogaea) shell derived biochar a
low-cost adsorbent
-1933 -

biochar onto BB41 and BRO9 are increased from 20.01 to 22.60 mg/g and 39.17 to
46.30. Similarly, the percentage of removal also increases from 80.06 to 90.39% and
78.34 t0 92.59%, for BB41 and BRO09. The initial pH value may influence to increase
or decrease the uptake. The increase in the value of pH may decrease the
concentration of active H* ions, which simultaneously raises the negatively charged
sites (Premkumar and Vijayaraghavan, 2015). Due to this negatively charged surface
area, the sorption of cationic dye molecules gets increased through electrostatic forces
of attraction (Santhi et al., 2016). Comparing the extent of removal and dye sorption
capacity values of GnSB favored BR09 followed by BB41. However, the pH value of
8 was taken as optimal for peak performance.
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Figure 7. Effect of solution pH on the BB41 & BR09 removal efficiency and sorption uptake
capacity

Effect of temperature

Figure 8 shows the effect of temperature on the removal efficiency of cationic dyes
onto GnSB at different temperatures within the range of 30 to 50 °C at optimized
biochar dose and pH with a fixed dye concentration of 50 mg/L were examined. The
percentage of BB41 and BR09 removal by GnSB are varying from 90.40 to 80.96% and
92.60 to 77.96%. The surge in temperature accelerates the degree of diffusion of solute
and thus strongly influences the uptake capacity of adsorbent towards solutes (Kankilic
et al.,, 2016). While increasing the adsorption temperature of BB41 and BRO09
adsorption indicates the fall in uptake capacity. Similar results were reported (Zeng et
al., 2006). With this investigation, an ideal temperature of 35 °C has opted for the BB41
and BRO09 sorption process.
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Influence of initial dye concentration

The influence of initial dye concentration on the sorption of cationic dyes onto GnSB
was experimentally carried out by varying the initial concentration from 25 to 200 mg/L
for the optimized biochar dose and pH with ideal temperatures as shown in Figure 9.
From the experiment data, it was evident that % removal of cationic dyes decreased
with a surge in dye concentration. At higher concentrations, the available dye molecules
in the solution do not interact with adsorbent binding sites due to the limited number of
active sites that become saturated at a certain concentration (Saha et al., 2010).
However, the dye sorption capacity at equilibrium condition was increased with a surge
in dye concentration. This was due to the initial concentration of the cationic dye, which
provides a significant driving force to overcome any mass transfer resistance of the dye
between the aqueous and the solid phases (Pirbazari et al., 2014). With due
consideration on all these above facts, 50 mg/L was selected as optimal for BB41 and
BRO9 concentration for GnSB.
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Figure 9. Effect of initial dye concentration on the BB41 & BR09 removal efficiency and
sorption uptake capacity

Sorption isotherms

The analysis and design of the sorption process require the relevant adsorption
equilibrium conditions, which is the most important set of information in understanding
an adsorption process. Adsorption equilibrium provides fundamental physiochemical
data for evaluating the applicability of the sorption process as a unit operation. By
varying the initial concentration of cationic dyes of 25, 50, 75, 100, 150 200 mg/L at
optimized pH value and temperature, the adsorption isotherm was determined. From the
experiment data, it was seen that sorption potential improved with the increase in initial
dye concentration.

To facilitate the adsorption capacities, the equilibrium adsorption models of
Freundlich (1906), Langmuir (1916), Sips (1948), and Toth (1971) models were
employed. Freundlich and Langmuir are the two-parameter isotherm models, and Sips
and Toth are the three-parameter isotherm models used (Table 2). In two-parameter
isotherms, the Freundlich model was found to be the best-fit isotherm data when
compared to other with low correlation coefficient (<0.992) and high % error values,
and it can be summarized that Kr and nr of GnSB were in the following order:
BR09 > BB41. The Sips isotherm model has shown a better prophecy of experiments
with minimal error and a high correlation coefficient (>0.994) when compared to Toth
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isotherm model. BR0O9 followed by BB41 are provided the maximum constant values
for sips model when compared to others.

Sorption kinetics

The sorption kinetics of cationic dyes onto GnSB was carried out by varying the dye
concentration from 25 to 200 mg/L at optimized operating parameters until the
equilibrium condition attained. The experimental Kinetic data indicated that the rate of
dye sorption capacity was rapid during the initial hours of the contact, followed by slow
attainments in equilibrium. This rapid sorption in the early hours is due to the
accessibility of the free functional groups on the biochar surface and, thus, a high
concentration gradient that inhibits the system (Zhu et al., 2018). In the same manner on
varying initial concentrations of BB41 from 25 to 200 mg/L, equilibrium BB41 uptake
capacity of groundnut shell derived biochar increased from 11.40 to 81.27 mg/g. By
comparing the different cationic dyes, GnSB exhibited the highest uptake of 164 mg/g
for BRO9 at 200 mg/L, followed by BB41 (81.27 mg/g).

Table 2. Isotherm model parameters during adsorption of BB41 and BR09 onto groundnut
shell derived biochar

Models BB41 BR09
Qwmax 59.888 256.219
. bL 0.110 0.045
Langmuir
R? 0.971 0.984
% Error 0.380 0.365
Kr 13.838 20.019
. Nk 0.324 0.586
Freundlich
R? 0.993 0.998
% Error -0.054 0.021
Ks 13.168 20.251
Bs 0.494 0.583
Sips as 0.119 0.022
R? 0.999 0.998
% Error -0.001 0.216
Qwmax 208.881 978.565
br 1.504 0.034
Toth nr 4.460 2.747
R? 0.996 0.953
% Error 0.002 0.052

*Qmax iIN Mg/g; be, bt in L/mg; Ke in mg/g; (L/g)*"=Ks in (L/g)PS; as in (L/mg) S

The experimental kinetics are fitted with the Pseudo first order and Pseudo second-
order models. The kinetic constants, along with correlation coefficient values, are given
in Table 3. The first-order model provided the best prediction with an over correlation
coefficient of 0.990.
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Table 3. Kinetic parameters of pseudo’s model during sorption of cationic dyes onto
groundnut shell derived biochar

c, First-order model Second-order model
OYe | (mgiL) Oeq (MQ/Q) a /l:mlin) R2 | 9% error (n?;(;g) a /ir;Zin) R2 % error
25 11.097 0.364 0.993 0.0031 | 11.403 | 0.0861 0.9951 0.001
50 22.302 0.422 0.995 0.0044 | 22.873 | 0.0549 0.9979 0.0048
g 75 30.514 0.153 0.996 0.0013 | 32.399 | 0.0079 0.9870 -0.070
% 100 36.463 0.173 0.996 0.0017 | 38.474 | 0.0078 0.9907 -0.044
150 49.626 0.288 0.996 0.0016 | 51.839 | 0.0119 0.9977 -0.066
200 79.562 0.231 0.996 0.0037 | 84.368 | 0.0050 0.9975 -0.001
25 23.234 0.213 0.993 0.008 24.617 | 0.0154 0.9931 -0.002
50 39.626 0.136 0.995 -0.008 | 42.802 | 0.0049 0.9873 -0.010
= 75 67.388 0.045 0.997 0.014 76.766 | 0.0007 0.9922 -0.036
% 100 82.582 0.104 0.994 0.028 89.996 | 0.0017 0.9892 -0.013
150 125.95 0.320 0.994 0.005 129.70 | 0.0060 0.9958 -0.021
200 161.11 0.261 0.998 0.005 167.17 | 0.0033 0.9958 -0.010
Conclusion

[1]

The following conclusions are derived from the present study:

a.

b.

The biochar derived from groundnut shell biomass at 350 °C through slow
pyrolysis was obtained to be the most operative biosorbent.

The biosorption capacity of GnSB was sturdily dependent upon the biochar
dosage. Experiment trials show that maximum dye sorption capacity was
attained at 2 and 1 g/L of biochar dosage for BB41 and BR09 sorption.

. The solution pH sturdily influences the sorption capacity of GnSB with a pH

value of 8 as an optimal condition for the efficient removal of cationic dyes.
The SEM and FT-IR analyses exhibited the presence of various functional
groups on the surfaces of GnSB.

. The sorption equilibrium was attained within 240 min, and the biosorption rate

was fast. Application of BB41 and BR09 kinetics data disclosed that pseudo’s
first-order kinetics is better in prediction than the second-order model.
According to the Langmuir model, the maximum biosorption capacity of BB41
and BR09 was identified as 59.888 and 256.219 mg/g for GnSB, respectively.

. From these results, it can be concluded that biochar derived from Ground

Shells could be used as a practical bio-based sorbent for the removal of BB41
and BR09 molecules in wastewater.

In the future the study may extend in the use of treated or modified biochar for
wastewater treatment.
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