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ABSTRACT

Adsorption experiments were carried out at temperature (25°C) to remove the methyl violet (MV) dye using the hydrogel as
an inexpensive, more effective surface. We studied two kinds of adsorption isotherms i.e., Freundlich and Langmuir models
depending upon the linear and non-linear methods. The results depending on the non-linear is the best way to obtain isothermal
parameters compared to the linear method. Comparing the Freundlich model with the model Langmuir in the linear and non-
linear method, the Freundlich model is the best. Where the value of the linear method (R? = 0.8796) or the non-linear method

(R?=0.9887).
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INTRODUCTION

Usually, the liquid pollutants emitted from the agricultural,
dyestuff, textile, and paper dyeing industries and sources of
hospital waste are among the most dangerous contaminants
in the aquatic environment. They have a very dangerous and
harmful effect on humans, animals and plants.!> Among
the most dangerous pollutants found in water are industrial
dyes. These dyes have aromatic structures that are usually of
high resistance to light and temperatures and are considered
one of the most important features that make dyes difficult
to decompose easily.*® Therefore, it accumulates on living
organisms, and leads to many diseases, and as a result of the
large consumption of dyes in many industries in our daily
lives, methods must be used to get rid of these pollutants in
wastewater. One of the most basic and important methods
for treating polluted water is to use the adsorption process,
which is one of the easiest and cheapest ways to remove
pollutants, which depends on the use of very high-efficiency
and inexpensive surfaces to remove dangerous pollutants in

water, even if they are with a very small concentration in the
water.>”8 The aim of this study was to use adsorption isotherms
that are used to describe the equilibrium relationship between
an adsorbent and an adsorbent and to determine the amount of
a specific pollutant adsorbed, as well as a comparison between
the linear and non-linear method for the isothermal analysis
of the adsorption of methyl violet dye using a high-efficiency
hydrogel surface.

EXPERIMENTAL PART

Preparation of Hydrogel

The process of preparing the hydrogel depends on taking
(1.6 gm) of MCC and it is dissolved in distilled water in a
volume of 20 mL for 20 minutes, continuously stirring with a
capacity of (300 mL) Erlenmeyer flask equipped with a reflux
condenser, passing nitrogen gas during the stirring process.
After that, the solution is heated to 50°C,and the process of
adding (0.3 gm) KPS drop -drop to solution with continuous
stirring. To complete the polymerization process, the solution
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is placed in a water bath for three hours at a temp. of 60°C.
To remove of some non-reaction, the sample is washed with
distilled water several times. After that, the sample is dried
at a temperature of 60°C, then the eye is ground to obtain the
powder used in the study.

Adsorption Equilibrium Studies

One of the most important organic compounds is the methyl
violet dye, which depends in its composition on the presence
of a number of methyl groups associated with it. Through these
groups, it changes the color of the dye, giving a purple color in
fabrics and textiles, and a violet color in paint and ink, where
the process of preparing the dye was taken (0.1 g) from the
dye It was dissolved in (100 mL) of distilled water. This study
is based on adsorption isotherms Dye solutions were prepared
with concentration (5-250 mg/L) then added 0.05 g of hydrogel
to a water bath shaker device for an hour. Then the solution
was separated by Centrifuge to determine the equilibrium
concentration(Ce) and absorbance at the wavelength of 575
nm in a UV-Vis spectrophotometer. The percentage removal
(E%) of a dye MV is calculated by equation 1 where Co is
the initial concentration. of the dye and Ce is the equilibrium
concentration.

RESULT AND DISCUSSION

Linear and Nonlinear Freundlich and Langmuir
isotherms

To determine the methyl violet dye in waters and to control its
interactions and movement during the treatment process, it is
necessary to study and understand the behavior and mechanism
of adsorption and the action of these toxic pollutants present
in water, where adsorption isotherms have a key role in
determining this behavior. The results of adsorption isotherms
analysis depend on two types of isotherms, the Freundlich
model and the model Langmuir. Whereas the model Langmuir
is based on single-layer models, while the Freundlich model is
based on multi-layered heterogeneous surfaces.”!!
Depending on the reaction type and the absorbent
material’s nature, we can distinguish between different types
of adsorption isotherms. To obtain a suitable model that can be
utilized for design purposes; Where in this study, the Langmuir
isotherm was relied upon, which depends on the adsorption

being at specific and homogeneous sites within the absorbent
material and does not induce a side interaction between the
adsorbed molecules.!* !

Also, the Freundlich model, which shows the occurrence of
adsorption on heterogeneous absorbent surfaces, was used to
determine the adsorption of dye MV on the hydrogel surface.
Table 1 shows the linear and non-linear forms of adsorption
isotherms in this study. Ce equilibrium conc. (mg/L) and qe
is the quantity of adsorbent absorbed (mg/g). The maximum
Langmuir MV dye adsorption per unit mass of the adsorbent b
(mg/g) and the constant Langmuir related to the adsorption rate
KL (L/mg) are obtained from the (Ce/qe) plot vs the Ce cutoft.
While the Freundleich constants Kf and n can be obtained from
the intercept and regression of the plots In ge vs In Ce, where
n indicates how preferred the adsorption process is (n > 1) and
the KF adsorption efficiency.'®!

To reach a good match of adsorption isotherms, a linear
isotherm of Langmuir and Freundlich models was used, as
shown in the equations shown in Table 1, and these equations
were also used to determine the relationship between
adsorption efficiency qe and equilibrium concentration as
shown in Figure 1. Figure as appear the line plots for each
of the Langmuir and Freundleich isothermal models selected
via all studied adsorbents. Through the results representing
the adsorption of methyl violet on the surface hydrogel well
on the model Langmuir depending upon the coefficient of
determination, the values of (R>=0.8796) Comparison with

Table 1: Linear and non-linear forms of Isotherm Langmuir and
Isotherm Freundleich.
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Figure 1: Adsorption Isotherm a) nonlinear model Langmuir and Freundlich Isotherms and b) linear Langmuir and Freundlich Isotherms.
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Table 2: Parameters of the linear and non-linear forms of isotherm Langmuir and isotherm Freundlich.

Isotherm Equation R’ b(L/mg) qgm(mg/g)

Linear Langmuir Typel Ce Ce + 1 0.9777 1.0821 196.556
qge - gm bxgm

Nonlinear Langmuir _gmbe 0.9491 0.3581 287.358
7= 1+ bce

Isotherm Equation R’ n Kf(mg/g)

Freundlich nonlinear q n 0.9887 0.363 282.174

e=Kf C}’
Freundlich linear Lnge=In Kf+ 1/n * In Ce 0.8796 95.634 30.581

the linear model of Freundlich depending on the value of (R?
=0.9777) is shown in the Table 2.1

The use of a non-linear model depends on avoiding the
errors caused by the use of linear model of my isotherm
(Langmuir and Freundlich), which mainly depends on the
value of (R2). Adsorption isotherms Freundlich and isotherm
Langmuir of MV dye via hydrogel adsorbents utilizing non-
linear analysis as appear in Figure 1; and their corresponding
isotherm factor, coefficients of estimation (R2) as shown in
Table 2.12! Values higher of R2 obtained in this study via
fitting experimental result into the isotherm Freundlich model
of hydrogel. The isotherm Langmuir model top fits the result
for hydrogel (Table 2 and Figure 1). Table 2 shows maximum
adsorption efficiency values found utilizing the non-linear
Freundlich isotherm model, were 282.22 mg/g for hydrogel 2>%*

CONCLUSIONS

The adsorption of dye MV onto hydrogel from an aqueous
medium was studied on the fundamental of equilibrium
studies. The models’ isotherm were carried out at several
premier concentrations of MV dye non-linear and linear
isotherm Langmuir and isotherm Freundlich was utilized to
model the experimental result. Where through the results it
was found that it obeys the non-linear model compared to the
linear model. Depending on the value of (R2), it is found that
it obeys the non-linear Frendlich model.
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