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ABSTRACT

The present investigation reports the decolorization and subtraction of harmful Crystal violet (basic)
dye from the aqueous solution by adsorption on wheat bran (WB). Experiments are performed by
monitoring various factors, for instance, granular size of adsorbent (105, 210 and 500 mesh sizes),
pH (1-11), duration of contact (5-120 min), amount of wheat bran (0.1-1.0 g), initial dye concentra-
tion (300-550 ppm) and temperature (0°C-60°C). The surface study of wheat bran was investigated
by Fourier-transform infrared spectroscopy and scanning electron micrograph. The calculations
reveal adsorption of Crystal violet (CV) at the surface of WB is directly proportional to exposure
time, amount of WB, initial dye concentration and temperature. Three isotherm equations were
applied, Freundlich, Langmuir and Dubinin—Radushkevich isotherms, to explore experimental data.
The computations indicate that data fits efficiently with the Langmuir model. Optimum uptake
capacity was calculated, that is, 116.6 mg g™'. Moreover, the adsorption data were used to calculate
the rate constants of pseudo-first-order, pseudo-second-order, liquid film diffusion and intraparticle
diffusion. The regression value (R* = 1) was obtained to confirm the good correlation with pseu-
do-second-order kinetic equation rather than others observed kinetic equations. To figure out the
nature of adsorption, the free energy of adsorption of CV on WB (AG), enthalpy (AH) and entropy
(AS) were determined. The numerical results of AG, AH and AS show that adsorption of CV on WB
was feasible, spontaneous and endothermic in nature. The maximum removal efficiency of wheat
bran towards Crystal violet, that is, 86.57% is observed at optimum conditions, that is, pH 2, 0.6 g of
WB, 30 min of contact time and 400 ppm of initial dye concentration. It can be concluded from the
experimental results that WB could be effectively employed as a biosorbent for the removal of CV.
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1. Introduction the products [1]. Out of these industries, the textile indus-
tries are one of the most common and important parts of
the world. Textile industries consume an excess of H,O,
the production processes mainly in the staining and dying
practices. Moreover, from industrial sectors water dis-
charged from the textile industry is considered as the most

In recent years, industrial development made a major
influence on the environment. The industries such as tex-
tile, paper, food, cosmetics, plastic; etc. use dyes to tint
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polluted water [2]. More than 10,000 commercially accessi-
ble dyes with more than 7 x 10° tonnes of rinse stuff pro-
duced per annum. From correlated industries, it is assessed
that 2% of dyes which is produced annually are released in
effluents [3]. The expulsion of wastewater containing dyes
into the streams and other water bodies affects the aes-
thetic nature as well as hinders the transmission of light in
the water streams and decreases the photosynthetic activ-
ity and causes critical complications to the aquatic life and
food web [4].

The usage of food colors in different products causes
colon, cancer, obesity, high blood pressure, allergies, and
may be led to unimaginable reactions [8]. Crystal violet is
an eminent cancer-causing poison [5]. Crystal violet (CV)
stimulates the eyes sore, queasiness, vomiting, oral herpes
[6], cancer [5], jaundice, tissue necrosis, renal failure, ever-
lasting injury to the cornea and oculus [7], dermal irrita-
tion, and alimentary tract irritation [5,7]. When ingested it
causes peritonitis, weight loss, birth defects, reproductive
defects and mutations in genetic material.

Elimination of dyes from effluents can be performed
by different methods, that is, physical, chemical and bio-
logical processes [9-12]. The chemical and biological meth-
ods have disadvantages such as expensive, consumption of
large amount of chemicals, incomplete elimination of dyes
and production of toxic sludge [12]. The adsorption pro-
cess offered advantages over other techniques, that is, high
efficiency, cheap, selectivity, high level of purification and
retrieval of adsorbate and adsorbent [12,13].

Adsorption processes have been employed to eliminate
dyes from the waste effluents. The process of adsorption is
an applicable method rather than others due to its sludge-
less, clean procedure and entirely eliminated dyes even
from dilute solution [14]. Two adsorption methodologies
are used to eliminate the contaminants from wastewater,
that is, batch adsorption and column adsorption meth-
odology. The batch technique is used rather than column
because it is easy to apply and provides a simple way to
explain factors that effects the adsorption behavior [15].

Adsorption process using solid adsorbents like activated
carbon and synthetic resin to adsorb the various types of
pollutants from wastewater. Different types of pollutants
such as metals, dyes, phenols, insecticides, etc. have been
removed by various adsorbents [16]. To reduce the cost of
adsorption operation, agro-industrial waste has gained a
lot of attention [12]. Recently the applications of economic
adsorbents for the dyes and metal ions removal have been
investigated [17]. Most conventional and low-cost sorbents
have been used to eliminate dyes from effluents such as
native clay [18], jute stick powder [19], sawdust [20], oil palm,
trunk fiber [21], fly ash [22], guava leaf powder [23], citrus
waste [24], barley husk [25], and sugar cane bagasse [26].

So, from the resource sustainability and economic
point of view, biomass adsorbents have a high potential to
use in pollution control. In Pakistan, wheat is a vital and
ample crop. Wheat grain’s skin is wheat bran, it is an agri-
cultural bio-product and can be easily obtained from flour
mills. It accounts for 40% weight of wheat grains. The pre-
dominant composition of wheat bran gave an idea of con-
verting it into sorbent. In the structure of wheat bran, it
comprises cellulose, hemicellulose and lignin have a huge

amount of hydroxyl (OH) groups. Because of the existence
of easily accessible hydroxyl groups, a chain of chemical
reactions such as condensation, etherification, and co-po-
lymerization can simply proceed [27]. These fibers also
have a large surface area which makes them favorable for
their binding with other compounds [28].

The present study investigates the usage of wheat
bran which is an agricultural biowaste to adsorb the toxic
Crystal violet dye from wastewater. Agricultural biowaste
as an adsorbent is very effective because of its low-cost,
abundance, and availability [29]. In this work, different
factors were applied to study the effect of different param-
eters towards toxic Crystal violet dye. The novelty of this
work is that the wheat bran is employed as an adsorbent
is agricultural waste material and is used in an unpro-
cessed form without any physical or chemical treatment.
The mechanism and feasibility of this adsorption process
have been evaluated by using different kinetic models.

2. Materials and methods
2.1. Preparation of Crystal violet (adsorbate)

Among various kinds of basic dyes, CV is called Basic
violet 3. It is an example of cationic dye [30]. The Fig. 1 shows
that Crystal Violet is a triarylmethane synthetic dye, having
purple color [5].

CV is also known as Gentian violet. Initially; the name
Gentian violet was used for methyl violet but recently it is
used as an alternative word for Crystal violet. The %age
purity of dye used is 99.9%. By adding 1 g of Crystal vio-
let powder in distilled water in a thoroughly washed and
dried 1,000 mL measuring flask, 1,000 ppm stock solution
was prepared. The total volume of the solution was 1,000
by diluting the CV solution with distilled water equal to
the mark.

2.2. Preparation of wheat bran (adsorbent)

Wheat bran is derived from wheat-milling indus-
tries. It is usually an abundant and natural material in
Pakistan. The Fig. 2 shows that wheat bran (b) is the skin
of wheat grains (a). This bran is usually isolated from
the wheat in the conversion process of wheat into flour.
The present study deals with the adsorption abilities of wheat
branfortheremovaloftoxicCrystal violetdyefromwastewater.

2.3. Characterization of wheat bran surface

The characterization of adsorbent is carried out with
the help of two instruments: Fourier-transform infrared
spectroscopy (FT-IR) and scanning electron microscopy
(SEM). FT-IR in the extent of 4,000-5,000 cm™ using potas-
sium bromide (KBr) disc, comprising 1% of finely milled
raw wheat bran [31]. SEM was employed to determine the
surface morphology and consistency of the wheat bran
(WB). The SEM analysis is performed by first preparing
the sample for which the solid samples of wheat bran are
ground into fine particles. These prepared WB samples
were then positioned on double-sided carbon tape present
on sample holders.
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2.4. Batch adsorption experiment

The extent of uptake of Crystal violet (CV) on wheat
bran was investigated by using different parameters.
Experiments were performed by varying one limitation
at a time while other conditions remain the same. Initial
dye concentration before adsorption was determined by
UV-Visible spectrophotometer setting at 590 nm wavelength,
thatis, A__of CV. After the addition of a suitable amount of
adsorbent in a Crystal violet solution, manual shaking was
performed. After the attainment of equilibrium, the wheat
bran which adsorbed the CV was parted from the solution
and the deposit collected was evaluated by means of the
UV-Visible spectrophotometer at 590 nm. The percentage
adsorption of CV was determined by changing the con-
centration of CV formerly and afterward adsorption. The
equation used to estimate the %age adsorption of CV dye:

A-A
L /%100 1)
A

i

%age removal =

where A, is the initial absorbance of dye solution; Af is
the final absorbance of dye solution after adsorption.

The uptake capacity (mg g™) of adsorbent (wheat bran)
was estimated by the following equation:

-GGy @

m

3. Theory

Three isotherm models, that is, Freundlich, Langmuir
and Dubinin—-Radushkevich (D-R) isotherm models have
been described in the present study in order to determine the
adsorption equilibria:

3.1. Adsorption isotherms
3.1.1. Freundlich adsorption isotherm

Freundlich adsorption isotherm gave an empirical equa-
tion which represent the amount of adsorbate adsorbed on
the surface of substance with respect to pressure or concen-
tration at constant temperature.

10g£:10gk+llogp 3)
m n

This is a straight-line equation, a plot of logx/m vs. logP
should be a straight ¢ line with slope 1/n and intercept logk.
These curves show the association between adsorption and
pressure at lower values. The restriction of the Freundlich
isotherm curve is that it failed to guess the adsorption
capacity at higher pressure.

3.1.2. Langmuir adsorption isotherm

In 1916, Langmuir proposed another isotherm. It is based
on different assumptions, one of which is that the dynamic
equilibrium exists between adsorbate, that is, adsorbed
gaseous molecules and the free gaseous molecules.

The nonlinear Langmuir isotherm can be linearized into
the following expression:

% — i + % (4)
Ca Q Q
where C,_is the dyes ions concentration solution (mol L™)
at equilibrium, C_, is the amount adsorbed per unit mass
onto wheat bran at equilibrium (mol g), constant Q is
monolayer adsorption capacity (mol g*) and b (L mol™)
is related to the energy of adsorption.

3.1.3. D-R adsorption isotherm

In order to classify the physical or chemical adsorption
of adsorbate on the adsorbent, the experimental data were
subjected to a D-R adsorption isotherm. The non-linear
D-R equation can be written as:

Ing, =Ingy, —pe’ (5)

where B is the activity coefficient, g, is the theoretical
saturation capacity and ¢ is the Polanyi potential and is
given as follow:

1
=RTln — 6
€ 1[1+ ] (6)

e

where T is the temperature and R is the general gas constant.

From a value of B, mean sorption energy which is
defined as the energy of transfer of one mole of solute
from infinity to the surface of the adsorbent and can be
calculated with the following formula:

SE =

1
== )
R

3.2. Adsorption kinetics

Adsorption kinetics is studied to measure the dye uptake
rate and adsorption time at constant pressure or concen-
tration and it is used to measure the diffusion of dyes into
the apertures of the adsorbent.

Kinetics models which have been utilized to explain the
process of adsorption and potential rate-controlling pro-
cess as follows:

3.2.1. Pseudo-first-order model

This equation is employed to study the adsorption of
dyes from an aqueous solution. According to the pseudo-
first-order equation, the rate of change of solute uptake with
time increases with an increase in the difference of concen-
tration and the extent of solid uptake with time.

This model is represented by the following equation:

d
%:kl(m—%) )
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where k, (min™) is the pseudo-first-order rate constant,
g, and g, (mg g™) are the amount of adsorbate adsorbed as
per the unit weight of adsorbent at a time “” in addition to
equilibrium.

By directing boundary conditions, the linear form of this
model is represented as:

ln(qe - qt) = lnqe - klt (9)

The graph plotted between In(g, - g,) vs. t, the value of
rate constant k; can be calculated from intercept and the

1

value of the slope is determined by “g”.

3.2.2. Pseudo-second-order kinetic model

This model is applied to study the rate of adsorption.
According to this model, the adsorption rate is directly
related to the square of a number of unoccupied sites.

d
Sk, (q,-q,)

yr (10)

where k, (g mg™ min™) is the pseudo-second-order constant.
The linearized equation of this model is represented as:

i: ! +lt

a ka4 oq,

(H3C)N g Q N(CH;)2

(11)

Cl

N(CH3),

Fig. 1. Structure of Crystal violet.

Fig. 2. Wheat grain (a) and wheat bran (b).

where g, and g, are the amount of adsorbate adsorbed on
the surface of substance act as adsorbent at equilibrium and
at a time “t” respectively.

When t = 0, k, is used to measure the initial adsorption
rate “h”.
h=kg? (12)
By the plot of the graph between t/g & t, the value

of k,, initial adsorption rate “h” and “g,” can be calculated.

3.2.3. Intraparticle diffusion model

This model was developed by Weber and Morris. It
is used for measuring the diffusion mechanism and rate-
controlling step. It can be expressed as:
Q =Kt"+C (13)
where C is the intercept which represents the effect of bound-
ary layer thickness. K, (mg g” min™?) is an intraparticle
diffusion rate constant and its value is estimated from the
slope of the rectilinear plot of g,/t'>.

3.2.4. Liquid film diffusion (Reichenberg) model

The nature of the adsorption through the liquid film
diffusion mechanism was confirmed by applying the liquid
film diffusion model which is also known as Reichenberg
kinetic model developed by Reichenberg in 1953.

X:[l—%)e'ﬁ’ (14)

T

where

x=1 (15)
9

g, amount of adsorbate adsorbed at a time “t”, g, amount
of adsorbate adsorbed at equilibrium [32].

3.3. Thermodynamics of adsorption

In the adsorption process, thermodynamic concerns are
essential in order to know the process is spontaneous or
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not. Gibb’s free energy, AG® is an important criterion for the
suggestion of spontaneity of a chemical reaction. To know
the value of AG®, entropy and energy factors must be taken
into account. If AG® is negative, it means reaction happens
spontaneously.

The free energy of adsorption is given by the following
equation:

AG®=—-RTInk, (16)
where AG® = Gibb’s free energy change; R = universal gas
constant; k,, = adsorption equilibrium constant; T = absolute
temperature.

The change in equilibrium constant with temperature
can be obtained by applying differentials as follows:

dink,  AH®

iT RT (17)
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Fig. 3. FT-IR of un-adsorbed wheat bran.

By applying integration, the integrated form of Eq. (17)
becomes:

Ink, =-——+Y (18)
The equation rearranged to become,

—RTInk, = AH°-TRY (19)
To assume, RY = AS®; —RTInk,, = AG®.
Eq. (19) becomes

AG°® = AH° -TAS°® (20)

The feasibility, spontaneity and exothermic or endo-
thermic nature of adsorption can be determined in terms of
the determination of values of the thermodynamic parameter.

If the value of AG° is negative it confirms the
spontaneous nature of the adsorption process.

105
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Fig. 4. FT-IR analysis of CV loaded wheat bran.
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Fig. 5. Scanning electron micrograph of WB (a) before adsorption and (b) after dye adsorption.
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AG® =negative (spontaneous process)

If the value of AH® is negative it means the process is exo-
thermic in nature.

AH? = negative (exothermic process)

If the value of AS® is positive it means adsorbent have a
greater affinity for solute molecules and suggest that during
adsorption some structural changes occur in adsorbent
and adsorbate.

AS° = positive (greater affinity between adsorbent and
adsorbate)

4. Results and discussion
4.1. Characterization of adsorbent

In the FT-IR spectrum, the CV adsorbed on wheat bran
was observed by comparing it with un-adsorbed wheat
bran. The Fig. 4 reveals that there is a decrease in the amide
group at 459 and 522 ecm™ and the hydroxyl (OH) group
extending at 3,308 cm™ peak. The extensive adsorption is
due to the carboxylic acid, lignin, alcohol, phenolic groups

Table 1
Chemical characteristics of WB used in the experiment

Chemical characteristics Percentage %

Moisture content 6.40
Water soluble components 20.89
Insoluble components 72.34
Ash 2.58
Total loss of ignition 88.45
Carbon content 44.59
Hydrogen content 6.56

Table 2

present in pectin and cellulose, it reveals the occurrence of
hydroxyl groups on the exterior of wheat bran employed
for the adsorption CV dye. Variation in the adsorp-
tion maxima of two spectra (Figs. 3 and 4) indicates the
adsorption of CV pigment at the surface of wheat bran [20].

SEM analysis is a key tool for illustrating the surface
morphology and main physical properties of adsorbents.
It is advantageous for analyzing the particle figure, spong-
iness and suitable size distribution of adsorbent. Before
dye adsorption (Fig. 5a), it confirms an irregular and
rough surface morphology. After dye adsorption (Fig. 5b),
the surface of wheat bran is covered with dye molecules.

Elemental analysis was performed with an EA 1108
Fison’s instrument [31].

4.2. Effect of pH

The alkalinity of dye solution greatly impacts the
adsorptive behavior of the adsorbent. The H* ions mod-
ify the surface charge of adsorbate and adsorbent. From
acidic to basic pH values 1-11, the adsorption phenomenon
of CV dye on the surface of wheat bran was assessed.

From experimental work in Fig. 6, it is concluded that
the maximum adsorption of CV on wheat bran at pH 2, the
%age removal of dye was 92.51% by keeping other condi-
tions constant throughout the experiment [31]. Fig. 6 shows
that by forwarding towards the basicity, the adsorption
process decreases gradually and minimum at pH 11.

The point of zero charges of biomass is 2 [33]. At this
pH, the surface of the adsorbent is neutral, from experi-
mental trials it became clear the maximum %age of dye
(92.51%) has been removed at this pH value of 2. This can
be explained by the fact that at low pH 2 maximum adsorp-
tion of CV dye may be due to interactions such as hydro-
gen bonding and van der Waals forces. Also, the pK value
of CV is 8.6 so, pH 2 lies under the pH values in which the
surface of the adsorbent is neutral and resultantly positively
charged CV dye molecules adsorbed on the uncharged
adsorbent surface by the formation of non-ionic chemical

Isotherm parameters and their correlation coefficient for the adsorption of CV onto WB

Isotherms Isotherm correlation coefficients of adsorption
Freundlich adsorption isotherm n K, (mgg™) R?
0.38 999,856.5 0.9923
Langmuir adsorption isotherm q, (mg g™) b (dm® mol™) R?
116.94 6.632 x 10° 0.9952
Dubinin-Radushkevich isotherm B (kJ* mol?) E_ (k] mol™) R?
1.8563 0.532 0.9939

Table 3

First and second-order parameters for the adsorption of CV onto WB

Pseudo-first-order kinetics parameters

Pseudo-second-order kinetics parameters

G (MG 87 Jyonp (M &) k, (mg g' min™) R

G,cq (ML) Dyop (MG &) k, (mg g™ min™) R

0.025 6.645 1.29 0.563

6.645 6.644 7.55 1




H.A. Haq et al. / Desalination and Water Treatment 224 (2021) 395406 401

100
90
80
= 70
3
2 60
&£ 50
Q
@ 40
R 30
20
10
0
0 2 4 6 8 10 12

pH

Fig. 6. Plot between pH of the solution and %age removal of
the dye.

Table 4
Thermodynamic data and parameters for CV adsorption onto
wheat bran

Temperature AG AH AS

(K) (kJ mol™) (k] mol™) (JK™' mol™)
273 -0.866 0.0066

283 -0.956 0.0067

293 -0.965 0.0065

303 -0.984 0.959 0.0064

313 -0.989 0.0062

323 -1.00 0.0060

333 -1.033 0.0059

complexes with the functional groups of adsorbents. Hence
ionic pairs have formed that aids in maximum adsorp-
tion of CV dye molecules [34]. So, pH 2 was maintained
in the next experiments.

4.3. Effect of adsorbent dosage

In order to explore the effect of adsorbent dosage, the
amount of wheat bran is varied by keeping all the other
conditions constant. Adsorbent dosage greatly influ-
ences the removal capacity of dye by the adsorbent. There
is a rapid rise in the exclusion of dye by aggregating the
amount of wheat bran. It is due to the accessibility of
surface area by increasing the concentration of wheat bran.

The figure shows that %age removal is directly related
to the adsorbent dosage. As the removal proficiency from 0.1
to 0.5 g was increased from 78.35% to 97.04%. Beyond this,
there is no considerable rise in adsorption of dye it may be
due to overcrowding of WB particles directed to the cover-
ing of WB sites [32]. The graph in Fig. 7 shows that there
is no prominent increase of CV adsorption beyond 0.6 g
of wheat bran. So, in the next experiments, the amount
of wheat bran remains 0.6 g.

4.4. Effect of contact time

To evaluate the adsorption procedure, contact time
is one of the significant parameters. In this experiment,

different ranges of contact time were selected, that is, from
5 to 120 min. From Fig. 8, it became clear that contact time
for the maximum exclusion of Crystal violet dye takes place
at 120 min with 89.73% adsorption efficiency. Though, at
30 min the removal percentage was 87.25%. So, there is no
considerable change in the uptake of CV dye after 30 min
[35,36]. A contact time of 30 min was preferred for the next
study. It is evident from Fig. 8 that the adsorption percent-
age of dye was directly related to the contact time. The
exclusion process was very fast in the first 5 min because of
the presence of vacant adsorption sites on WB for adsorp-
tion. That’'s why there is no significant rise in adsorption
by increasing the time due to the unavailability of vacant
adsorption sites.

4.5. Effect of dye concentration

By varying the dye concentration (300-550 ppm) and
by keeping all the other factors constant, the effect of dye
concentration on adsorption phenomena is studied. It is
evident from the plot in Fig. 9 that %age removal is inversely
proportional to the dye concentration. The removal effi-
ciency of CV decreases from 96.4% to 83.8% by increasing
the concentration from 300 to 550 ppm. The decrease in %
removal is due to the overfilling of adsorption places on the
surface of WB by escalating the CV concentration. At low
concentrations, there are vacant adsorption sites accessible
for the adsorption of CV dye [35]. So, results indicate that
the adsorption is well reliant on initial dye concentration.

4.6. Effects of temperature

Temperature is a significant factor to study the adsorp-
tion process, it determines that the process is either exo-
thermic or endothermic. It is also used to study the other
thermodynamic parameters, that is, the process is either
spontaneous or non-spontaneous and it is used to calculate
the entropy value. As the graph (Fig. 10) shows that there
is a direct relationship between the temperature and %age
removal. Percentage removal increases gradually from
85.5% to 86.5% by raising the temperature from 0°C to 60°C.

The results indicate that the process is occurred by
absorbing the heat (endothermic), that is, the uptake of
CV dye increases with the increase in temperature [37].
The temperature has influenced the removal of dyes by
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Fig. 7. Plot between %age removal and adsorbent dosage (g).
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changing the solubility of dyes and the interactions of
molecules [38].

4.7. Adsorption isotherms

The three most frequently used adsorption isotherm
equations, that is, Freundlich, Langmuir and D-R isotherms
were applied from equilibrium data which is obtained
from initial dye concentration. These three adsorption
isotherms were mostly employed.

4.7.1. Freundlich adsorption isotherm

The Freundlich equation is an empirical equation
that is used for the representation of adsorption data. It is
mathematically defined as follows:
C,, =KCY (21)

The logarithmic form of the Freundlich equation can be
written as:

logC,, =logK+ %logCEq (22)

where C_; (mol g™') = amount of CV adsorbed at equilibrium,
C,, (mol L) = CV dye concentration at equilibrium, K and
1/n = Freundlich constant.
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Fig. 11. Freundlich adsorption isotherm for adsorption of
CV on wheat bran.

TThe Fig. 11 shows the Freundlich isotherm for the
adsorption of CV on wheat bran. It is distinct from the
plot and regression value (0.9923) that the experimental
data fit best with the Freundlich adsorption isotherm.

4.7.2. Langmuir adsorption isotherm

The linearized expression for b and g, was obtained
from the slopes and intercepts of the linear plots of C/C_,
vs. C, (Fig. 12) whereas the reported parameters are listed
in Table. The maximum adsorption capacity of CV on wheat
bran is found to be 116.94 mg g™ by Langmuir isotherm.

4.7.3. D-R isotherm model

In order to classify the physical or chemical adsorp-
tion of adsorbate on the adsorbent, the experimental data
were subjected to D-R adsorption isotherm. The non-linear
D-R equation can be written as:

Ing, =Ing,, - B¢’ (23)

The D-R isotherm model for the adsorption of CV on
WB is depicted in Fig. 13. The D-R isotherm parameters
are computed and summarized in Table 2. From the high
values of the correlation coefficient, as shown in Table 2,
the D-R isotherm was found to be the best fit for the exclu-
sion of CV on WB. The value of E calculated is 0.53 k] mol™
as shown in Table 2 indicating that the adsorption
process of CV on WB is physisorption.
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Fig. 12. Langmuir adsorption isotherm for adsorption of

CV on WB.
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Fig. 13. D-R isotherm for the adsorption of CV on WB.

4.8. Adsorption kinetics

The four kinetic models were employed to inspect
the reaction ways and potential rate-determining steps of
the adsorption of CV on to wheat bran are as follows:

4.8.1. Pseudo-first-order kinetic model

Based on the plot (Fig. 14), it can be concluded that
there is a lack of correlation between the experimental g,
value (6.645) and the g, value calculated from the graph
(0.025 mg g™) as well as a low R? value (0.5603).

4.8.2. Pseudo-second-order kinetic model

Now the plot (Fig. 15) and their parameters in Table 3
shows that there is an accurate relationship between the
experimental g, (6.645 mg g™) and the g, calculated from
the plot (6.64 mg g™) as well as high R* (1) as a contrast to
first-order kinetics. Thus, the adsorption of CV on WB
actually obeys pseudo-second-order reaction kinetics [32,35].

4.8.3. Intraparticle diffusion model

In a batch adsorption organization, there is an opportu-
nity for intraparticle pore diffusion of adsorbate ions (CV),
which may be a rate-limiting step. To explore the prob-
ability of intraparticle diffusion opposition affecting the
adsorption process. The model is given as:
g, =Kt +C (24)

According to the equation, the plot (Fig. 16) of g, vs.
2. It should be a straight line when this mechanism

0
0 20 40 60 80 100
-0.5
g -1
()
g s
7]
o
2
25 \\‘

t (min)

Fig. 14. Pseudo-first-order kinetic model for adsorption of CV
on WB.
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Fig. 15. Pseudo-second-order kinetic model for adsorption
of CV on WB.
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Fig. 16. Intraparticle diffusion model for adsorption of CV
on WB.

obeys the intraparticle diffusion model. However, the
current study of CV on WB illustrates that although
intraparticle diffusion model (R*> = 0.9974) elaborates in
the adsorption process.

4.8.4. Liquid film diffusion model

By applying this model, the nature of the adsorp-
tion through liquid film diffusion mechanism was estab-
lished which is also known as Reichenberg kinetic model
developed by Reichenberg in 1953. The plot of 3 vs. t for
the adsorption of CV on WB is a straight line exposed in
Fig. 17 having R? value of 0.9956. The inability of the plot
to pass through the origin shows that the estimate of the
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Fig. 17. Liquid film diffusion model for the adsorption of CV on
WB.

Reichenberg model will have limited applicability in the
adsorption of CV dye on wheat bran.

4.9. Thermodynamic studies

The linear Van’t Hoff equation plot for the adsorption
of CV on WB is depicted in Fig. 18. The thermodynamic
parameters are presented in Table 4. Negative AG® values
(Table 4) indicate the feasibility and spontaneous nature
of CV dye adsorption onto wheat bran.

The positive AH values obtained for the adsorption of
CV on WB approve the endothermic nature of the adsorp-
tion process [35]. The value of AS is positive it means
adsorbent have a greater affinity for solute molecules and
suggest that during adsorption some structural changes
occur in the CV and WB [32].

5. Comparison of wheat bran with other sorbents

Table 5 summarizes the comparison of the maximum
CV adsorption capacity of various adsorbents includ-
ing unmodified WB. The comparison shows that WB
has a higher adsorption capacity compared to other than
reported adsorbents.

6. Experiment performed with tap water

Tap water contains various cations and anions as com-
pared to de-ionized water. In this practical, CV solution
was prepared with tap water to check the applicability of
this adsorption procedure conducted with wheat bran as an
adsorbent at optimum factors, that is, pH 2, 0.6 g of wheat bran
(WB), 400 ppm CV concentration, 30 min of interaction time
and 60°C temperature. As presented in Table 6, the removal
efficiency obtained was 85.6% confirms that this procedure
has future prospects to clean the CV containing waste water.

7. Conclusion

The present research reveals that WB as a low-cost
agricultural waste is significantly effective for the adsorp-
tion of CV from textile effluents. WB was analyzed by
FT-IR and SEM instruments. Batch adsorption experiments
were performed with finely ground WB, passed through
210 mesh sizes. Different factors can affect the adsorption
process experimented, that is, pH of dye solution, amount
of adsorbent, duration of contact, initial dye concentration

5.58
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5.51 R2=0.9953
55
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Fig. 18. Van’t Hoff plot for the adsorption of CV on WB.

Table 5
Comparison of CV adsorption capacity of WB with another low-
cost sorbent

Sorbents q.. (mgg')  References
Coniferous pinus bark powder ~ 32.78 [35]
Rice bran 42.25 [39]
Calotropis procera leaf 4.14 [40]
Orange peel 14.3 [41]
Sugarcane dust 3.8 [42]
Neem sawdust 3.8 [43]
Wheat bran 116.94 This study
Table 6
Removal efficiency of CV on WB using tap water
Amount of adsorbent 06¢g
Initial dye concentration 400 mg L
Contact time 30 min
Shaking time 5 min
Temperature 60°C
Removal efficiency 85.6%

and Temperature. The adsorption phenomena of CV on
WB are directly proportional to the pH of the solution,
contact time, amount of adsorbent, initial dye concentra-
tion in addition to temperature and inversely proportional
to initial dye concentration. It means by increasing the pH
of CV solution, duration of contact between adsorbate and
adsorbent, adsorbent dosage and temperature uptake of
CV solution increases and it decreases by increasing the
increasing initial dye concentration.

Optimum conditions from the batch adsorption studies
come out to be at 2 pH, 0.6 g of adsorbent, 30 min of con-
tact time, using 400 ppm of initial dye concentration for the
maximum uptake of CV, that is, 86.57%, from effluents using
WB. The adsorption process obeys the pseudo-second-
order model having Regression value R* = 1. The Langmuir
model efficiently explains the experimental data, calculates
the CV uptake value, that is, 116.94 mg g™. Thermodynamic
quantities such as free energy of adsorption AG, enthalpy
AH and entropy AS have considered it explains that the
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Fig. 19. Pictorial representation of the procedure, that is, removal of toxic dye Crystal violet from wastewater by using economical

adsorbent wheat bran.

procedure is spontaneous, endothermic and there is a
strong interaction between adsorbate and adsorbent respec-
tively which is cheap and easily accessible material, substi-
tute for more expensive adsorbents used for dye removal in
wastewater treatment methods. Fig. 19 reveals the pictorial
representation of the procedure.
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