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Abstract

The potential of agricultural waste cashew nut shells as an adsorbent for removing phenol from wastewater is presented in this paper. The
adsorbent was treated with 3M sulphuric acid in order to improve the properties. The experimental parameters such as adsorbent dosage,
concentration and temperature were optimized with response surface methodology (RSM). The isotherm data were tested with different
isotherm models and it obeyed Freundlich Isotherm showing the multilayer adsorption. The kinetic data satisfied pseudo-first order kinetic
model. The maximum adsorption capacity was calculated to be 35.08 mg/g proving the capability of cashew nut shells for removing phenol

from wastewater.
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1. Introduction

The industries releases wastewater which contains pollutants like
phenol, organic compounds, heavy metals and dyes [1]. Phenol one
of the toxic and carcinogenic chemical is generally released from
petroleum, pharmaceutical, fertilizer, petrochemical industries and
is considered to be toxic and carcinogenic. It is also defined as one
of the priority pollutants by the environmental regulatory bodies
[2]. The existence of phenol in the environment even at very low
concentration causes harmful effects on the human beings and the
aquatic life. Thus it is required to treat phenol before it is released
into the environment [3]. Various treatment methods such as mem-
brane separation, distillation, extraction and adsorption are used for
the treatment of phenol from wastewater [4]. Adsorption using ac-
tivated carbon is considered as efficient method for the treatment of
phenol. But because of the expensive nature of materials like fly
ash, saw dust and coal, there is a need to produce adsorbents from
low cost agricultural materials [5]. Different agricultural waste ma-
terials are used as potential adsorbents for wastewater treatment.
The present work deals with the adsorption of phenol onto cashew
nut shells as an adsorbent and capability of the cashew nut shells
for removing the pollutant was also investigated

2. Materials and methods

2.1. Preparation of the adsorbent

The cashew nut shells (African grade) were collected from a local
cashew nut industry in Karkala and were used for the adsorbent
preparation. The shells were initially washed with water and dried
in sunlight for two days. Later the shells were dried inside oven at
100°C for 3 hours. The dried shells were heated inside a muffle fur-
nace at 400°C for 30 minutes. The obtained shells were made into
powdered form using mortar-pestle and once again into finer size
using mixing equipment. To improve the properties, the powdered

sample was mixed with 3M sulphuric acid in 1:1 ratio and kept in
an oven at 70°C for 6 hours. It was continuously washed with water
to remove the excess chemicals and then heated in an oven at the
same temperature for 6 hours [6]. The dried powder was used for
the experiments.

2.2. The characterisation of the agricultural materials

The adsorbent was characterized by carrying out the standard pro-
cedure [7]. The moisture content, ash content, fixed carbon and vol-
atile matter of the raw sample and the treated sample were deter-
mined. The different functional groups existing on the adsorbent
surface were found by using Fourier transform infrared spectros-
copy (FTIR) instrument, Shimadzu, Japan.

2.3. Batch studies

The experiments were performed in 250 mL conical flask having
200 mL of Phenol (Merck India Limited) and agitated in the shaker
to find the equilibrium time. The equilibrium time was obtained as
4 hours. The phenol concentration was determined by U-V spectro-
photometer (Shimadzu, Japan) at a wavelength of 270 nm. The in-
fluence of operating parameters like dosage, concentration and tem-
perature on the adsorption were optimized using RSM. The concen-
tration values were taken varying from 100 to 300 mg/L which were
satisfying the concentration of the pollutants in the industrial
wastewater [8]. The experimental dosage and temperature values
were selected from the literature of the similar agricultural materials
[3], [9]. RSM is an efficient statistical tool used to determine the
optimal experimental conditions and the model equations for pre-
dicting the response [9]. The effect of these variables are investi-
gated at five different levels and is represented in Table 1. The iso-
therm studies were carried out for the concentration varying in the
range 100, 150, 200, 250 and 300 mg/L. The kinetic experiments
were performed at the optimum conditions. The total number of ex-
periments were calculated by taking factorial points, star points and
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center points and the complete design matrix with percent removal 16 200(0) 1(0) 40(0) 46.25
is shown in Table 2. 17 200(0) 1(0) 40(0) 46.25

18 200(0) 1(0) 40(0) 46
Table 1: Independent Experimental Parameters and Its Levels. 19 200(0) 1(0) 40(0) 46
Independent parame-  Sym- 20 200(0) 1) 40(0) 46
Coded parameters and level
ters bol
@, 0+ +a 3. Results and discussions

Concentration

(mg/L) X, 318 100 200 300 36817 37 Characterization of the adsorbent

Dosage (9) X, 0159 05 1 15 1.841

Temperature (°C) X3 2318 30 40 50 56.82 The moisture content of the treated sample was found to be greater

Table 2: Design Matrix for the Experiments and Obtained Results

than that of the raw sample, which shows that the treated sample
has improved pore volume and surface area. It was found that after

Expt  Actual variables (without brackets) and coded varia- the treatment the volatile matter decreases, and hence the fixed car-
No: _bles (with brackets) of the experiments bon content required for adsorption increased as shown in Table 3.
Concentration Temperature "o v/olatile matter in carbon liberates at high temperature in the ab-
Dosage (g) o re- . . .
(mg/L) (°C) moval sence of air. Hemicellulose and other volatile substances degrade
1 100 (-1) 0.5(-1) 30(-1) 10 during the treatment [10, 11]. Ash content is the residue left behind
2 300(+1) 0.5(-1) 30(-1) 25 after the sample is burned. The ash content after treatment has de-
3 100(-1) 1.5(+1) 30(-1) 57 creased showing the reduced amount of non-combustible matter in
4 300(+1) 1.5(+1) 30(-1) 55 the sample.
5 100(-1) 0.5(-1) 50(1) 20 The FTIR spectrum of the chemically treated sample before adsorp-
6 300(+1) 0.5(-1) 50(1) 29.33 tion as shown in Figure 1, represents a broad adsorption peak at
v 100(-1) 1.5(+1) 50(1) & 3463.92 cm™ corresponding to overlapping of -OH and —NH
8 300(+1) 1.5(+1) 50(1) 56.67 ; B
9 31.8(-1.68) 1(0) 20(0) 135 bonds. A peak obtained at 2923.88 cm™ shows the C-H group. The
10 368.17(+1.68) 1(0) 40(0) 28.7 peak at 3606.64 cm™ represents O-H stretch with functional groups
11 200(0) 0.159(-1.68)  40(0) 8.78 of alcohols and phenols [12]. The peaks at 1180.35 cm and
12 200(0) 1.841(+1.68)  40(0) 61.25 1326.93 cm* are due to C-H group with alkyl halides functional
13 200(0) 1(0) 23.18(-1.68) 36.25 group and C-O stretch with functional groups alcohols, carboxylic
14 200(0) 1(0) 56.82(+1.68) 50 acids respectively [13].
15 200(0) 1(0) 40(0) 46
Table 3: The Proximate Analysis of the Sample before and After Treatment.
Sl. No. Parameter (%) Raw sample Chemically treated sample
1. Moisture Content 10.9 14.3
2. Volatile Matter 43.76 39.35
3. Ash Content 15.16 13.23
4. Fixed Carbon 30.18 33.02
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Fig. 1: The FTIR Spectrum of the Chemically Treated Sample.

3.2. Development of model equation and optimization of
experimental parameters

Central composite design is a statistical tool which helps in
correlating the relation between the operating conditions and the
percent removal [9]. The design matrix with response values
(percent removal) obtained from experiments is shown in table 2.
A quadratic polynomial equation was obtained which is helpful in
optimizing the conditions [14, 15]. The values of percent removal
obtained from the experiments ranged from 10% to 61.25%. The
model equation for percent removal in terms of coded factors can
be written as

% removal = 44.56 + 17.54 x, — 4.54 x,x, — 7.05x2 )

The fitness of the model was validated by the value of correlation
coefficient (R?). The R?value for the equation was obtained as
0.9499. This describes that 94.99% of the percent removal is due to
variation in the experimental conditions [16]. It also explains that
5.01% of the variation is because of residual error and is not
described by the model [9]. The R? value approaching unity shows
that the model is accurate in predicting the response and the
experimental values matches with the predicted values [17]. The
optimum experimental parameters were found to be 176 mg/L of
concentration, 1.49 g of dosage, temperature 39.02°C and percent
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removal of 61.00%. This also signified that the developed model
was efficient in predicting the response from the operating parame-
ters [18].

3.3. Adsorption isotherms

The distribution of solute between the adsorbent and the aqueous
solution at the equilibrium condition is studied by adsorption iso-
therm [19]. The nature and type of adsorption is investigated
through adsorption isotherm [20]. The isotherm data is verified with
different models like Langmuir, Freundlich, and Temkin models.

The Langmuir isotherm is obtained assuming that adsorption occurs
uniformly on the entire surface [21]. The model can be given as

e ey @

deq dm bam

deq and C,4 the adsorption capacity (mg/g) and solute concentra-
tion (mg/L) at equilibrium respectively, g,, the maximum adsorp-
tion capacity (mg/g), b the model constant (L/mg). The constants b
and q,, are calculated through the linear plot of C.q/q.q versus
Ceq-
Freundlich isotherm is based on the assumption that adsorption hap-
pens non-uniformly leading to multilayer adsorption. The distribu-
tion of adsorption energy is non-uniform on the adsorbent surface
[22]. The simplified form of Freundlich isotherm is represented as

logqeq = logky +% logCeq (3)

1
kg (mgl_i L' g‘l) and n are the model constants. The model

constants k; and n are evaluated from the plot of logq,, versus
logCeq.

The Temkin isotherm explains the interaction between adsorbent
and the adsorbate molecules indirectly [19]. The simplified equa-
tion is given as

Geq = BlnA + BInC,, 4)

A and B are the Temkin model parameters. By plotting q., versus
InC,q, the model constants are obtained.

The isotherm constants are calculated from various models and are
given in Table 4. From the values of regression coefficient, it can
be observed that isotherm data is fitting with the Freundlich iso-
therm suggesting that adsorption is occurring at heterogeneous sites
in multilayers on the surface. It also suggests that random distribu-
tion of energy takes place having adsorption capacity of 35.087

mg/g.

Table 4: The Determined Values of Various Isotherms

Freundlich Langmuir Temkin
k b
£ n gz Im R B A R?
(mg' -t g™) (mglg)  (LUmg)
0.498 1.428 0.986 35.087 0.0057 0.963 18.96 0.0493 0.9379

3.4. Kinetic studies

Different kinetic models are used for evaluating the rate controlling
mechanism. The kinetic study is important in adsorption to investi-
gate the reaction pathways and mechanism for the process [22],
[23].

The Pseudo first- order model is obtained assuming that the solute
uptake changes with respect to time and is dependent on the differ-
ence between the adsorption capacity at equilibrium and the capac-
ity at any time [24]. The Pseudo first-order model is written as

kpr
loy(qeq - qt) = logCqu - 2.;03 t ®

qeq the equilibrium adsorption capacity, g, the adsorption capacity
at any time t (mg/g), ky, the rate constant (min~"). The constants
are evaluated by plotting log(geq — q¢) V/s t.
Pseudo-second-order model is represented in the form [25 - 27]

Lo +2¢ ©)

qe kstQéq deq

ks: the rate constant (g/mg min). The constants are obtained by
plotting t/q; v/s t . This model is applied for the systems in which
chemisorption controls the process.

The intra-particle diffusion is given in the linear form as [28]. The
particle diffusion becomes the slowest step in porous adsorbents.

qr = kiptO'S +c Q)

Where k;,, is the model constant (mg*min=%°g~1), ¢ the intercept
that calculates the boundary layer thickness. If the linear plot of gt
vs t%5 is passing through origin, then intra-particle diffusion be-
comes the rate controlling mechanism.

The kinetic parameters obtained from the above expressions are
shown in Table 5. It was found that regression coefficient value was
higher for pseudo first order model in comparison with other mod-
els. It was also found that the experimental value matches with the
calculated value for pseudo first order model.

Table 5: The Calculated Kinetic Parameters through Different Models
Pseudo first order Pseudo second order Intraparticle diffusion

(qe")exp’ 13.46
mg/g
(Geq),,pMmelg 1654 ¢

(qeq)exp, mg/lg 1346 kip(mg/gmin®S) 09315

(deq) qumalg 128 43977

ker X g .

i S 4.125 kse —min 000048  R? 0.8182
107° min~ mg

R? 0.8919 R? 0.7273

4. Conclusions

The cashew nut shells were used for adsorbent preparation and stud-
ied for the phenol removal from wastewater. The properties of the
adsorbent were improved after treating with sulphuric acid and
found to have higher fixed carbon content. Using RSM, the opti-
mum conditions were obtained as 176 mg/L of initial concentration,
1.49 g of dosage and temperature 39.02°C. The isotherm data were
following Freundlich Isotherm signifying that physical adsorption
becomes the slowest step. The kinetic data were obeying pseudo-
first order kinetic model. The monolayer adsorption capacity for the
cashew nut shells was obtained as 35.08 mg/g showing it is a prom-
ising adsorbent.
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