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Adsorption of crystal violet dye by using a low-cost adsorbent — peanut husk
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ABSTRACT

Nowadays, industrial effluent containing textile dyes is considered a major environmental con-
cern. Crystal violet (CV) is one of the vital textile dyes of the triphenylmethane group and it is
known for its mutagenic and mitotic poisoning nature so it must be treated. This study aims to
evaluate the adsorption potential of peanut husk (PH) towards CV dye removal. Adsorption
studies are conducted to study the effects of different parameters on adsorption such as particle
size of adsorbent (105, 210, and 500 mesh sizes), initial dye concentration (5-100 mg/L), contact
time (5-120 min), pH (1-11), temperature (0-60°C), and adsorbent dosage (0.1-1.0 g). Langmuir,
Freundlich, and Dubinin—-Radushkevich isotherm models are applied to experimental data for the
determination of the nature of adsorption. The kinetic studies have been carried out using the pseu-
do-first-order, pseudo-second-order, and intra-particle diffusion model for adsorption of CV on PH.
Thermodynamic parameters such as changes in Gibb’s free energy (AG), enthalpy (AH), and entropy
(AS) are also determined. Optimum conditions for maximum removal of toxic CV dye from waste-
water on PH includes 210 mesh size, 100 ppm initial dye concentration with 10 min contact time
at temperature 30°C using 0.1 g of adsorbent. Alkaline medium favors adsorption of CV onto the
surface of PH and its maximum removal is observed at a pH of 8. These optimum conditions result
in 90% removal of CV dye from aqueous solution and the maximum adsorption capacity found out
was 20.95 mg/g. Applicability of this developed procedure with tap water is 83.16% indicating that
the PH is a promising adsorbent for the removal of cationic CV dye from the aqueous solution.
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1. Introduction

Nowadays, water pollution is considered a serious
issue because it badly affects our lives and is expected
to get worse in the upcoming years. Modern industrial-
ization leads to serious environmental concerns and the
release of toxic reagents have endangered the natural

* Corresponding authors.

ecosystem [1]. Many industries are using dyes colors to
tint their goods and consume enormous capacities of water
for this purpose. Dyes are organic compounds, which
may be natural and artificial, that become attached to
the surface of the fabric to give it a bright color. The dis-
charged dyeing waste revealed a maximum level of tox-
icity [2]. The release of wastewater containing dyes into

1944-3994/1944-3986 © 2021 Desalination Publications. All rights reserved.



388 S. Abbas et al. | Desalination and Water Treatment 233 (2021) 387-398

the streams, rivers, and water bodies affects the aesthetic
nature as well as hinders the transmission of light which
decreases the photosynthetic activity [3] and causes seri-
ous problems for aquatic life and disturbs the food web
[4]. Crystal violet (CV) color (tris (4-(dimethylamino)
phenyl) methylium chloride) is a triaryl methane syn-
thetic dye [5,6] used as pH indicator, in coloring silk and
cotton in the printing ink, in paints, in gram staining to
differentiate between gram-positive and gram-negative
bacteria [7] and it causes breathing difficulties, eyes burn,
nausea, vomiting, oral ulceration [8,9], cancer, jaundice,
tissue necrosis, shock, and kidney failure [10], permanent
injury to the arcus senilis and oculus, dermal irritation,
and gastrointestinal tract irritation [11,12]. The most usual
techniques used for the deduction of colorants from dis-
carded water are divided into two methods, physio-chem-
ical and biological methods. However, these methods are
exorbitant and cannot rummage-sale by trivial businesses
to extravagance the extensive variety of dyes wastewater
[13]. Adsorption, a green technology [14], is the best tech-
nique for the removal of dyes from wastewater because
it is easy to operate, economical, and has a simple design.

Nowadays, the development of economical adsor-
bents to remove the number of dyes from wastewater has
gained a lot of attention. Many conventional and low-cost
adsorbents have been used to remove dyes and pollutants
from wastewater such as Jute stick powder [15], cattail root
[16], peanut hull [17], maize stalk [18], hazelnut shells [19],
de-oiled soya [20], pumpkin seed hull [21], broad bean
peels [22], metal-based TiO, photocatalyst [23], biofunc-
tional magnetic beads [24], nanoplatelets kaolinite [25],
TiO,/kaolinite nanocomposite [26], MnO, nanofibrous mesh
as photocatalyst [27], olive branches activated carbon [28]
and Musa paradisiaca peels [29].

Peanut husk is an agricultural waste residue in many
countries. The sudden dumping of this agricultural
by-product results in disposal issues. The intention of this
finding was on the way to explore the potential of PH as
an economical, inexpensive, and eco-friendly adsorbent
for the removal of toxic CV color from H,O medium. In
addition, it was used without any physical and chemical
treatment. This study focused on batch experiments to
investigate the adsorption characteristics of target con-
taminant and toxic CV color onto PH from H,0 medium.
The effects of contact phase, pH, and initial concentration
of dye, adsorbent measured quantity, and temperature
were studied in batch adsorption experiments. The adsorp-
tion kinetics, thermodynamic, and isotherms for a CV
onto the PH are also discussed.

2. Materials and methods
2.1. Preparation of adsorbate

The stock solution of CV dye (structural formula of crys-
tal violet dye is shown in Fig. 1) was prepared by dissolv-
ing 1 g of accurately weighed dye in 1,000 mL of distilled
water to obtain 1,000 mL dye solution. To study the effect
of different initial dye concentrations, the stock solution
was further diluted to make different standard concen-
trations. All the chemicals (HCl, KOH, NaCl, and KNO,)

used in this study are of analytical grade, highly pure, and
were taken from Merck (Germany) and Sigma-Aldrich
Chemical Co., (USA). The percentage purity of CV is 99.99%.

2.2. Preparation of adsorbent

The raw PH was collected from the local market of
Sahiwal, Pakistan, and was washed thoroughly with water
to remove the dirt, dust, and other particles. This washed
material was then placed in an oven for 8 h at 60°C. It was
then ground in a mill and sieved through three different
particle mesh sizes, that is, 105, 210, and 500 mesh sizes.

2.3. Adsorbent characterization

A Fourier transforms infrared (FTIR) spectrophotometer
was used to recognize the diverse functional groups pres-
ent on PH sites and their effects on adsorption. The FTIR of
the adsorbent was taken before and after the adsorption of
CV dye using a FTIR spectrophotometer. A scanning elec-
tron microscope (SEM) was used to analyze the surface
morphology and texture of the adsorbent. The SEM anal-
ysis is performed by first preparing the sample for which
the solid samples are ground in an agate pestle mortar
followed by sieving through a sieve of 50 mesh size.

2.4. Optimization of pH

The effect of pH is an imperative consideration in the
adsorption studies of dyes. Different pH values ranging
from 1 to 11 were investigated during the experiment. The
pH of the CV dye solution was attuned by using 0.1 M
HCI or 0.1 M KOH solution, respectively. The effect of
pH (1-11) was observed by keeping the following condi-
tions constant: concentration of adsorbate 10 ppm, the vol-
ume of solution 10 mL, adsorbent dosage 0.25 g, contact
time of 20 min including 10 min of shaking in an orbital
shaker, and a centrifugation speed of 3,000 rpm for 3 min.

2.5. Optimization of adsorbent dosage

The upshot of adsorbent dosage for the deduction of
CV concentration (30 ppm) of known volume (20 mL) was
carried out with different amounts of adsorbent at pH
2 with a contact time of 10 min including 5 min of shak-
ing in an orbital shaker. A similar procedure for batch
adsorption study was employed.

2.6. Optimization of the contact period

The upshot of the contact period (5, 10, 20, 30, 40, 50, 60,
80, 100, and 120 min) was carried out with 0.5 g of adsor-
bent in 20 mL of dye solution (400 ppm). The effects of the
contact period were investigated at pH 2 with 5 min of
shaking in an orbital shaker.

2.7. Optimization of initial dye concentration

Different concentrations of CV solution, that is 100,
150, 200, 250, 300, 350, 400, and 450 ppm were observed by
keeping the following parameters constant like the amount
of CV solution 20 mL in flasks, amount of adsorbent 0.5 g,
contact period of 30 min including 5 min of shaking.
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Fig. 1. Structure of crystal violet dye.

Table 1
Freundich isotherm parameters

Adsorbate Crystal violet
Adsorbent Peanut husk
K, (mg/g) 4,194

n (L/g) 2.14

R2 0.95

2.8. Optimization of temperature

Different temperatures (0-60°C) were selected to study
the removal of dyes from an aqueous solution. All opti-
mized conditions were used for the deduction of dyes, that
is, 400 ppm concentration of CV solution, 0.5 g of adsorbent,
contact time 30 min, and shaking time 5 min at pH 2.

2.9. Batch adsorption study

The batch adsorption experiments were conducted to
optimize the above parameters of adsorption. All batch tri-
als were conceded in 250 mL Erlenmeyer flasks by keep-
ing the fixed amount of adsorbent in a known volume of
CV solution. Then the contents of this solution are kept
in an orbital shaker to ensure proper shaking. The aque-
ous phase was separated by filtration and centrifugation
and the amount of dye solution was determined before
and after equilibrium by optimizing instrumental param-
eters for CV dye. A blank solution was also made and run
in the same way. The removal efficiency is calculated by:

A-A
L %100 1)
A

i

% age removal =

where A, is the preliminary concentration taken in mil-
ligram per liter and A, is the concluding concentration
taken in mg/L.

3. Results and discussions
3.1. Characterization of adsorbent

The morphological characterization of PH was observed
by making use of the scanning electron microscopy (SEM)
(Quanta 200 FEI) combined with an energy-dispersive
X-ray as shown in Figs. 2 and 3, respectively. The SEM
images revealed a fiber structure of PH and showed a par-
tial linkage among the fibers which results in the creation

Table 2
Langmuir isotherm parameters

Adsorbate Crystal violet
Adsorbent Peanut husk
Q, (mg/g) 20.95
b (dm*mol™) 1.03
R? 0.85

Table 3

D-R isotherm parameters

Adsorbate Crystal violet
Adsorbent Peanut husk
B (kJ*mol?) -0.613

&? (k] mol™) 1.63

R? 0.94

Fig. 2. SEM Images of PH: (a) before adsorption and (b) after
adsorption.

of pores of different sizes. Pores of bigger sizes on the
surface of rice husk were also evident, which were more
heterogeneous and the formation of slopes and grooves
on the surface, increased surface area providing large
surface sites for retention of dyes ion. The SEM analysis
shows that the surface of the PH is rough and heteroge-
neous due to the presence of a large number of protru-
sions inside the surface of the adsorbent. Dye adsorbed on
these surface sites resulting in the loss of surface porosity.
Elemental analysis of PH was carried out, to determine the
percentage weight of chemical compositions available on
the surface of PH, through energy dispersive spectrom-
eter (EDX) analysis as shown in Fig. 3. The results are
grouped in the following table showing elements with their
weight and atomic %. According to the table, the highest
amounts corresponded to carbon (54% weight and 61%
atomic) and oxygen (24.33% weight and 20.54% atomic)
which proves the organic nature of the adsorbent. To iden-
tify the major functional groups present on the surface
of PH, FTIR spectra were recorded in the mid-IR (infra-
red) region in the range of 4,000 to 400 cm™ by BRUKER
(Vertex70) as mentioned in Fig. 4. FTIR spectra for the PH
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Fig. 3. EDX analysis of pH.

displayed several peaks that exhibited different functional
groups. The broad and intense peak around 3,310 cm™
corresponds to O-H stretching vibrations and a peak at
2,917 cm™ shows C-H stretching vibrations indicated the
presence of methyl and methylene groups, respectively.
The peak at 1,742 cm™ represented C=O stretching vibra-
tions. The peaks at 1,628 cm™ and 1,509 cm™ correspond to
C=C stretching vibrations, the other peak at 1,260 cm™ rep-
resented CH bending vibration, and the characteristic peak
at 1,024 cm™ corresponds to the CO stretching vibrations.

3.2. Optimization of pH

The pH of the system plays an imperative role in the
adsorptive uptake of adsorbate molecules (CV dye) as it

Element Weight % Atomic %

C 54.77 61.58

N 17.22 16.60

o 24.33 20.54
0.54 0.21
1.58 0.55
155 0.52
100 100

_'?_on l..ﬂ-'l B q‘m !Oiﬂ'l.- ;l‘.u ) .lt-\l'

affects the surface properties of adsorbent (PH) and the
ionization or dissociation of adsorbate molecules. As such
the adsorption behavior of CV on PH is studied over the
different pH ranges. It is evident from Fig. 5 that when the
aqueous solution of CV was treated with pH, it was found
that 94% removal occurs at pH 2 and 76% removal occurs
at pH 8 [30]. Fig. 5 shows that the percentage removal of
dye on PH decreases after pH 8. Hence, it can be concluded
that the acidic pH of dyes favored its adsorption on the PH.

3.3. Optimization of adsorbent measured quantity

The influence of adsorbent dose on CV by PH was
inspected in the array of 0.1-1.2 g while keeping other
parameters of adsorption constant. The percentage removal
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Fig. 4. FTIR spectra of peanut husk (a) before adsorption and (b) after adsorption.
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Fig. 6. Optimization of adsorbent dosage.

of 77 to 94.6 takes place by fluctuating the adsorbent mea-
sured quantity from 0.1 to 0.5 g. The intensification in
percentage removal of CV dye on PH may be due to an
increase in the exterior area of adsorbent, enhancing the
number of adsorption spots available for adsorption as tes-
tified [31,32]. The effects of adsorbent dose on percentage
removal of dye is shown in Fig. 6.

3.4. Optimization of adsorbate concentration

Fig. 7 shows that intensification in adsorbate concen-
tration results in a reduction in percentage removal of
CV on PH. The removal efficiency of CV dye decreased
from 95.33 to 83.19 by increasing concentration from

98
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% age removal

86
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Fig. 7. Optimization of adsorbate concentration.

100-400 mg/L. The reduction in percentage removal with
the upsurge in adsorbate concentration is due to the satu-
ration of adsorbent spots on the exterior of the adsorbent.
At a low concentration of dye, there will be unoccu-
pied binding sites at the adsorbent surface, and with
increases in initial dye concentration, there will be insuf-
ficient binding sites that result in a decrease percentage
removal of dye. The results indicated that the adsorption
of CV is much dependent on adsorbate concentration.

3.5. Optimization of the contact period

The upshot of the contact period on CV dye using
PH adsorbent is depicted in Fig. 8 at 40°C. It can be per-
ceived that there is a rapid deduction of CV color in the
first 40 min after which there is slight removal because
all the adsorbent sites available are fully occupied by the
CV dye. It is evident from Fig. 8 that 89.7 to 84.7 per-
centage removal of CV occurs using PH as an adsorbent.
The optimum contact time chosen from the experiment
is 30 min which is kept constant in further experiments.
The present observations are in common agreement
with other observations of investigators [33,34].

3.6. Optimization of temperature

To investigate the upshot of temperature on the deduc-
tion of CV dye using PH, experiments were conducted
by ranging the temperature from 0°C to 50°C. It was
observed that the removal of CV bring into being was 77%
to 89% keeping other parameters constant. The results
have been shown in Fig. 9. This figure revealed that the
upturn in temperature would increase the agility of ions of
dyes and produces a puffiness upshot within the interior
assembly of adsorbent that enables the outsized molecules
of dyes to penetrate further [30]. The increase in percentage
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Fig. 8. Optimization of contact time.

removal of CV dye by increase in temperature is might be
owed to extra collaboration between CV colorant and PH.

3.7. Absorption isotherms

The interaction between the adsorbate and adsorbent can
be explained by adsorption isotherms. The Langmuir, D-R,
and Freundlich adsorption isotherm describe the behavior
of CV dye. The Freundlich adsorption isotherm is grounded
upon the assumption that the adsorption course takes place
on the dissimilar surface depending upon the interaction
between adsorbed molecules while Langmuir adsorption
isotherm is built on the supposition that it includes the forma-
tion of a structurally homogeneous adsorbent and monolayer
coverage having no interaction between adsorbate mole-
cules. In command to regulate the character of adsorption
phenomena, whichever physical or chemical process, the
D-R isotherm model is used. The equations of Freundlich

100

Langmuir and non-linear equation of D-R isotherms are
given as respectively:

logC,, =logK + 1logCEq (2)
n

% -1 + % (3)

Ca Q Q

Ing, =Ing,, — B¢’ 4)

where C_, is the sum of CV tint adsorbed at the time of equi-
librium taken in mole per gram, C,_is the CV concentration
at the time of equilibrium taken in mol L™ and K and 1/n are
the constants in Freundlich equation, K symbolizes adsorp-
tion capability and n determines the strength of adsorption.
Cg, is the dye concentration solution taken in mol L™ at equi-
librium, C_, demonstrates the magnitude of CV adsorbed for
every unit mass onto rice husk at the stage of equilibrium
taken in mole per gram. The constant Q shows the adsorp-
tion capacity of the monolayer taken in mole per gram and
“b” taken in liter per mole shows the energy of adsorption.
dpr (Mg/g) is the Dubinin—Radushkevich maximum mono-
layer adsorption capacity, B (mol*/J*) is a constant (mean
sorption energy (B) is the energy of transferral of one mole of
solute from infinity to the surface of an adsorbent [35]. K is
the Freundlich constant interrelated to bonding energy and
n is the adsorption intensity or heterogeneous factor in Eq.
(1). G, is the dyes ions concentration solution (mol L™) at
equilibrium, C_, is the sum adsorbed per component or unit
mass onto rice husk at equilibrium (mol per g), constant Q is
the monolayer adsorption capability (mol g™*), and b (L mol ™)
is allied to the energy of adsorption in the equation.

In the case of the Langmuir isotherm model, a straight
line is attained by plotting a graph among C, (mg L™)/g,
(mg g™) and C, (mg L™) from which slope and intercept can
be calculated. For the Freundlich isotherm model, a graph
is plotted between Ing, and InC, and the value of slope 1/n
provides us the value of ‘n’ and intercept InK, gives the
value of K,. The value of “n” gives us information about
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Fig. 9. Optimization of temperature.
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the adsorption process, that is, when the value of ‘n’ is
greater than unity, it shows that adsorption progresses to a
greater amount. The value of “n’ fluctuates from 1 to 10* [36].
From the graphical representation and table showing
parameters of Freundlich (Fig. 10), Langmuir (Fig. 11), and
D-R (Fig. 12) isotherm, it can be observed that the experi-
mental data is best described by Freundlich and D-R iso-
therms as reflected by their correlation coefficients. The
value of correlation coefficient for Freundlich isotherm
comes out to be 0.95 (very close to unity) while in the case
of the Langmuir isotherm model its value is 0.85 (less than
Freundlich isotherm) which confirms that data fits best to
Freundlich isotherm model, that is, the adsorption of CV
occurs on the heterogeneous surface of the PH. Moreover,
the value of n is greater than 1 indicates that the process
of CV adsorption on PH is favorable and the value of E_
calculated displays that this process is physisorption in
nature. Results of Freundlich, Langmuir and D-R isotherm
parameters are given in Tables 1-3, respectively.

-8 -7 -6 -5

log C.q

3.8. Adsorption kinetics

Four kinetic models, that is, pseudo-first-order kinetics,
pseudo-second-order kinetics, intra-particle diffusion model,
and liquid film diffusion model were applied to investigate
the reaction passage ways and probable rate-determin-
ing stage of the adsorption of CV on to PH. The rectilinear
form of the pseudo-first-order kinetic model is given as:

In(q, —q,)=Ing, =Kt Q)

where g, is the value of the extent of dye (adsorbate)
adsorbed for every unit mass on the adsorbent at equi-
librium. g, is the value of the amount of dye adsorbed for
every unit mass on the adsorbent at various time intervals.
K, is the pseudo-first-order adsorption rate constant taken
per minute. When In(g, - g,) is plotted against ¢ (min) then
we get a straight line graph and slope K, besides intercept

4.2
-3 -2 1,50

4.4

4.5

-4.6

-4.7

-4.8
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5

5.1

-5.2
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Fig. 10. Freundlich adsorption isotherm.
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Fig. 11. Langmuir adsorption isotherm.
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Fig. 12. D-R isotherm for CV adsorption on PH.

log (Q.-Q,)

Time (min)

Fig. 13. Pseudo-first-order kinetic model.

g, can be calculated from this graph [36]. The undeviat-
ing form of the pseudo-second-order kinetic equation is as
follows;

LS S 6)
9, Kg 4,

where g, and g, are the amount of adsorbate adsorbed on
the surface of substance act as adsorbent at equilibrium
and at the time ‘t, respectively. A graph of ¢/4, (min g mg™)
against t (min) gives a straight line from which slope
and intercept can be calculated [36]. As perceived in the
below table that the premeditated g, (303.0303 mg/g) well
agrees with the experimental g, (299.9376 mg/g) and also
the linear regression coefficient has a higher value than

InCads

0.25

0.2

0.15

t/Q,)

0.1

0.05

0 20 40 60 80
Time (min)

Fig. 14. Pseudo-second-order kinetic model.

the pseudo-first-order kinetic equation (R* = 0.99). Thus,
the adsorption of CV on PH follows pseudo-second-order
reaction kinetics indicating the chemical nature of the pro-
cess [37]. Analogous second-order kinetics has also been
informed for CV adsorption on groundnut shells [38].
The intraparticle diffusion model is given as,

1
Q =Kt*+C @)

where g, (mg/g) is the expanse of adsorbate adsorbed at the
time ‘t’. C is the thickness of layer (I). K, (mg g min™?) is
the intraparticle diffusion constant whose values are eval-
uated using the gradient of an undeviating plot of g, as
opposed to 2. According to the equation, the conspiracy
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Fig. 15. Intra-particle diffusion kinetical model.
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Fig. 16. Liquid film diffusion model.

of g, as opposed to #2 should be a conventional line when
the adsorption mechanism keeps an eye on the intrapar-
ticle diffusion model. A graph is plotted between g, and
t,s and a straight line of the graph will be obtained from
which slope K, and intercept ‘I’ can be obtained [36]. In the
case of the intra-particle diffusion model, a linear graph
demonstrates that only the intraparticle diffusion model
is involved in the adsorption procedure and zero intercept
shows that this model is a rate-limiting step. Some bound-
ary layer management involvement also confirms when a

line of the graph is non-zero showing that the intraparti-
cle diffusion model is not only a rate-controlling step but
other kinetic models are also engaged in the managing of
adsorption level [35]. However, the present study of CV
on RH suggests that even though the intraparticle dif-
fusion model (R? = 0.9344) is included in the adsorption
course, but it is not the individual rate-controlling step,
and roughly additional mechanisms also perform their title
part. The liquid film diffusion model is given as;

X= [1 - 62j e™ 8)
T

where X is the amount of adsorbate adsorbed at time “t'/
volume of adsorbate adsorbed at equilibrium. The regres-
sion coefficient value from the plot is 0.7828 and the line
is not passing through the origin, that is, non-zero inter-
cept indicates that the Reichenberg model has limited
applicability in this adsorption process and also that many
other different mechanisms are involved in explaining
the adsorption process rather than a single model.

The results of pseudo-first-order, pseudo-second-or-
der, intra-particle diffusion and liquid film model are
shown in Figs. 13-16, respectively. A comparison of stud-
ied kinetic models is given in Table 4. From Table 4, it is
noticeable that the current adsorption process follows
the pseudo-second-order (PSO) kinetic model since its
value of regression coefficient is highest (0.99) and very
close to unity as compared to other models, that is, pseu-
do-first-order (PFO) kinetic model and liquid film dif-
fusion model. Additionally, there is a good agreement
between calculated and experimental Q, (mg/g) in the case
of the pseudo-second-order kinetic model which confirms
that data fits best to the pseudo-second-order model.

3.9. Thermodynamic study

The thermodynamic considerations like modification
in Gibb’s free energy AG®, enthalpy AH®, and entropy AS°
were ascertained employing the subsequent equation. The
AG® is expressed as follows:

AG® = -RTInK, )

where R is the general gas constant, T is the entire tem-
perature, and K, is the equilibrium constant of adsor-
bent whose value is calculated. The Van’t Hoff equation is
expressed with the following relation between entropy and
enthalpy.

_AS°AHP

anad§
° R RT

(10)

where AH° displays the variation in enthalpy having unit
kJ/mol and AS° is the alteration in entropy having unit
J/mol K. The quantities of enthalpy and entropy are deter-
mined from the slope and cut off by plotting the graph of
InK_, contrasted with 1/T. The relationship between them
is used to obtain the thermodynamics parameters val-
ues. The slope of the graph gives us the value of AH and
the intercept gives the value of AS [35].
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Table 4
Kinetic models and their parameters
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Pseudo-first-order Q, (mg/g)

kinetical model Experimental
300

Pseudo-second-order Q, (mg/g)

kinetical model Experimental
300

Liquid film diffusion C (mg/g)

model 7.67

Q, (mg/g) R?
Calculated 0.94
0.00

Q, (mg/g) R?
Calculated 0.99
303.03

K (min)™! R?
0.06 0.78
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Fig. 17. A plot of Van't Hoff equation.

Fig. 17 refers to the linear Van't Hoff equation con-
spiracy for the CV adsorption on PH. The thermodynamic
parameters are presented in Table 5. Negative AG® values
(Table 5) signpost the achievability and extemporaneous
nature of CV dye adsorption onto PH. The negative AH°
values authorize the exothermic character of the adsorption
course while its extent indicates that the process is physio
sorption in nature. The AS is positive indicates the increase
in randomness of molecules during the adsorption process.

3.10. Effect of common salts

In addition to dyes, several salts are also utilized in
the dyeing process and the presence of these salts is also
a parameter that affects the attraction between adsorbate
CV dye and untreated PH. The experiment was conducted
by using two salts NaCl and KNO, in a range of solu-
tion concentrations ranging from 0.1 to 0.5 M. The results
indicated that the presence of these salts in the solution
decreases the solubility of the dye in water which results in
increased absorption on the PH surface [39].

4. Conclusion

This revision intended to probe the potential of PH as
an economical and biodegradable adsorbent for the deg-
radation and deduction of toxic CV dye from an aque-
ous medium. Concentration data from the experiment

yr
0.0034 0.0035 0.0036 0.0037
YT

Table 5

Parameters of thermodynamic study
Temperature (K) AG (kJ/mol) AH (kJ/mol) AS (kJ/mol K)
273 -0.833
283 -0.872
293 -0.911 1131
303 -0.918 “113 0.08
313 -0.948
323 -0.965

is analyzed using various isotherm models to govern
the finest isotherm model in the adsorption process. The
three recurrently used adsorption isotherms equations:
Freundlich, Langmuir, and D-R equations were verified via
equilibrium statistics acquired from the preliminary dye
concentration study. Out of all these models, Freundlich
and D-R models describe the adsorption process well.
The experimental data was applied to four kinetic models,
that is, pseudo-first-order, pseudo-second-order, intra-par-
ticle diffusion model, and liquid film model. This kinetic
study displayed that the facts are finest to the pseudo-sec-
ond-order kinetic model whose regression coefficient
value is 1.00 (greater than other models studied). Negative
AG® values indicate the practicality and extemporaneous



S. Abbas et al. | Desalination and Water Treatment 233 (2021) 387-398 397

nature of CV dye adsorption onto PH. The negative val-
ues of AG® with an upturn in temperature suggest that
minor temperature brings about the adsorption at ease.
The negative AH® values obtained for the adsorption of
CV on PH confirm the exothermic nature of the adsorp-
tion phenomena. While the positive values of AS°® pointing
out the haphazardness during the adsorption process.
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