
ABSTRACT
The work deals with one of the applications of adsorption from solution. It deals with the study of the removal of Indigo 
Carmine dye on the selected eco-friendly surface (Graphene Oxide/poly (acrylic amide / Formic acid)). This research relied on 
preparing a GO/P(AM-FA) hydrogel surface that can be prepared from available and inexpensive materials with high efficiency 
in removing the Indigo Carmine dye from its aqueous solution. The physical and chemical properties of the surface were 
studied through several important techniques, including (fourier transform infrared (FTIR), field emission scanning electron 
microscopy (FESEM), and transmission electron microscopy (TEM)). Two types of Langmuir and Freundlich adsorption 
isotherms were studied and through the results. It was found that it obeys the Freundlich model depending on the value of 
(R2 = 0.9276) for heterogeneous surfaces. Also, the adsorption kinetics of first order and second order were studied, and the 
results found that it obeys the second-order depending on the value of (R2 = 0.9999).
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INTRODUCTION
Hydrogels have been used over the past years and in many 
different applications. Hydrogels consist of three-dimensional 
networks of hydrophilic polymers that can absorb water in 
large quantities and thus can swell.1-4 The hydrogel has a very 
high ability to absorb pollutants inside and remove the dye. 
It is also characterized by chemical stability, non-toxic, and 
high stability against light, so it was used to remove many 
pollutants, the most important of which are dyes. As is well 
known, industrial dyes and their products are considered 
among the most dangerous toxic pollutants that cause many 
problems for the living organisms in the water.5,6 These dyes 
spread in groundwater and drinking water and accumulate in 
large quantities and be a constant pollutant for water because 
they do not easily degrade biologically due to their aromatic 

RESEARCH ARTICLE

structures.7-10 Therefore, the complete removal of these toxic 
dyes from industrial waste has become more important because 
of their harmful effects on humans, animals, and plants.11-13 
Most of the dyes are used in the dyeing of papers, fabrics, 
leather, and other textiles. Several methods have been adopted 
to remove dyes from their aqueous solution: photo-oxidation, 
separation, Extraction, coagulation, photocatalytic, ozonation, 
and adsorption.14-16 It was found that adsorption is one of 
the most important techniques in removing dyes easily, in 
an economical, inexpensive, and effective way. Using cheap, 
available, and inexpensive surfaces that can be easily prepared 
from them (activated carbon, polymers, carbon nano, clays, 
graphene oxide, chitosan, and hydrogel.17,18 This study was 
based on the preparation of one of the surfaces that are very 
effective in removing dye, which can be prepared from cheap 
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and inexpensive materials. The adsorption isotherms and 
adsorption kinetics were studied.

EXPERIMENTAL PART 

Preparation of Standard Solution
All materials used in this research are of high purity. Merck 
(Germany). The standard solution of Indigo Carmine dye (1000 
mg/L ) resulted from dissolving (1.0 g ) in 1000 ml of distilled 
water. A series of dilute solutions were made to obtain the 
dilute concentrations used in the experiment.
Preparation of GO/P(AM-FA) Hydrogel 
The first step in making (AM-co-FA) hydrogel is to prepare 
the solutions of the substances that will be used during the 
hydrogel’s installation. 2% of MA was used when prepared in 
deionized water, and 4% of acrylic amide was used. A total of 
40% of MA and 80% of the acrylic acid were combined with 
GO in a ratio of 1:10. The mixture is thoroughly stirred before 
adding the cross-linker agent MBA (0.20 mol/L), which is 
added to the initiator KSP (0.0361 mol/L) while the mixture is 
still stirring. After that, the mixture is poured into polyethylene 
test tubes and exposed to nitrogen gas for 10 to 15 minutes, 
depending on the temperature. The temperature is raised in a 
hot water bath from 45 to 65°C while the tubes are still in the 
bath. The following is the temperature rise: A temperature 
range of 45°C for an hour, 55°C for 2 hours, and 65°C for two 
hours were tested. After cooling and removing the hydrogel 
from the tubes, it is cut into 6mm-long pieces. After that, 
perform one-week ethanol and distilled water wash to remove 
all non-reactive monomers. Then dry at room temperature, 
then in an electric oven at 50 to 60°C until a constant weight 
is obtained; repeat as necessary.
Adsorption Experiments
Indigo Carmine dye solution adsorption experiments were 
performed at 25 °C at 200 rpm. The adsorption experiments 
were carried out in a volumetric flask of 20 mL in a volume of 
10ml of distilled water, and the weight of the GO/P(AM-FA) 
hydrogel surface was used (0.05 gm). The solution was placed 
in a water bath shaker for 60 minutes until the equilibrium state 
was reached. resolution was by UV-Visible spectrophotometer. 
The adsorption isotherms and adsorption kinetics were studied 
under the same optimum conditions. The adsorption efficiency 
was calculated through the equation (1):
  qe= (V.(Co-Ce))/W ... (1) 

RESULTS AND DISCUSSION

FTIR 
The FTIR was used to characterize the hydrogels before and 
after the surface adsorption process on the dye, as shown in 
Figure 1. Therefore, we notice a clear and significant difference 
in the adsorption intensity between GO/P(AM-co-AF)). 
Hydrogels before the adsorption process with the dye show a 
clear decrease in the FTIR spectra in the intensity of the bands 
adjacent to the adsorption. This confirms that the adsorption 
process on this dye is weak due to the chemical composition 

and the acidic nature of dye.19 Also, the surface contains acidic 
aggregates that lead to a difference in absorption intensity.
FESEM
Based on the physical properties, porosity, and nature of 
the prepared surface, as well as the shape and size of the 
particles and the way they are distributed on the surface, the 
FESEM technique is studied before the adsorption process 
for each P(AM-co-FA) and after the graphene loading process 
GO/P(AM-co-FA). It was found that the hydrogel surface 
contains many heterogeneous holes. After graphene oxide 
loading, the surface became less rough. Many cavities were 
reduced due to graphite oxide loading,20 which confirms the 
adsorption process’s success as shown in Figure 2.

Figure 1: FTIR spectra of GO/P(AM-co-FA) hydrogels (a) before and 
(b) after adsorption of Indigo Carmine.

Figure 2: FESEM image of GO/P(AM-co-FA) before and after 
adsorption of Indigo Carmine.

Figure 3: TEM image a- p (AM-co-FA), b- GO/p(AM-co-FA), c- 
GO/p(AM-co-FA)- Indigo Carmine
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TEM
TEM technique was studied for the Surface (P(AM-co-FA) 
before and after the graphite oxide loading process (GO/P(AM-
co-FA)). It was observed that after loading the graphite oxide, 
some dark spots appeared on the (GO) loading on the surface; 
after loading the dye on the surface by the adsorption process, 
we noticed the appearance of large dark spots gathered, 
confirming the success of the adsorption process,21 shown 
in Figure 3.
Adsorption Kinetics
The design of the adsorption system is considered one of the 
utmost important parameters that control the kinetic properties 
that depend on the adsorption speed. Therefore, studying the 
percentage of dye removal depends mainly on the kinetic 
properties, and the effective effects of dye removal also depend 
on the reaction time.22 To determine the mechanism of control 
of the adsorption processes, we use adsorption kinetics like 
a chemical reaction and surface adsorption or penetration 
mechanisms that determine the effective factors on reaction 
speed.10,23,24 Liters of different times (5-300 minutes), pH 
solution 6, and weight of GO/P(AM-FA) hydrogel 0.05 gm 
using a water bath shaker at a speed of 300 rpm. The efficiency 
of adsorption depends mainly on the equation first-order 
kinetic. Its use depends on its use when adsorption is in a 
boundary layer; the equation second-order kinetic applied to 
the adsorption chemical process is the adsorption method’s 
control.25,26 The experimental result study used the first order 
and second order. Table 1 displays that adsorption of Indigo 

Carmine dye by using hydrogel is achievable because of the 
R2  value increase via the second-order compared to the first 
order as appearing in Figure 4.18,27

Isotherm Adsorption
The adsorption capacity explains equilibrium results describing 
the interaction between the adsorbents and the adsorbents. 
Two types of Freundlich and Langmuir adsorption isotherms 
were used in this study, where the Langmuir isotherm is for 
adsorption of homogeneous surfaces and monolayers. At the 
same time, the Freundlich isotherm depends on the adsorption 
of multi-layered heterogeneous surfaces with a non-uniform 
distribution of heat adsorption on surfaces. Langmuir and 
Freundlich adsorption isotherms equations.28 Isotherm 
Freundlich of multilayer and heterogeneous adsorption. 
Isotherm linear as appears in equation (2):

 ln qe = ln Kf + 1/2 Ce ... (2) 
The isotherm Langmuir linear as appears in equation (3):
 Ce/qe = 1/(qm.KL)+(1/qm) Ce              ... (3) 
Figure 5 shows the result from the adsorption method 

acquired at 25°C. The result shows that the adsorption 
method of dye onto GO/P(AM-FA) hydrogel of the adsorbent 
is analogical to the isotherm Freundlich Table 2 depicts the 
R2 value and constants isotherm Langmuir and Freundlich.29

CONCLUSION
This study relied on removing the textile dye Indigo Carmine 
using a surface GO/P(AM-FA) from an aqueous solution, 
and the adsorption isotherms were studied, and it was found 

Figure 4: Adsorption kinetics of first-order (a). second-order (b) of 
Indigo Carmine dye onto the hydrogel

Table 1: Kinetic adsorption factor of Indigo Carmine dye adsorption onto the hydrogel

Pseudo- first-order
SlopeInterceptk1(min-1)qe (mg/g)R2

-0.0171.4180.0020.8100.446
Pseudo- second-order

SlopeInterceptk2 (g. mg-1.min-1)qe (mg/g)R2h (mg. g-1. min-1)
0.0290.0480.2991.4190.999921.008

Figure 5: Effect of adsorption model of   Isotherm Langmuir (A), 
Isotherm Freundlich (B) of Indigo Carmine dye adsorption on hydrogel 

Table 2: constant Isotherms and the correlation coefficients of Isotherm Langmuir and Freundlich of Indigo Carmine dye adsorption onto the 
hydrogel

Langmuir equation Freundlich equation
KL qm R2 KF n R2

-0.003 -84.034 0.0134 0.308 1.036 0.9280
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that the isotherm Freundlich model best value (R2=0.9280) 
comparative with isotherm Langmuir model(R2=0.0134). The 
adsorption kinetics were also studied, and it was found that it 
obeys the second-order kinetics. 
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