
ABSTRACT
Adsorption plays an effective role in pollution control, water treatment, and reuse. In this study, the removal of Streptomycin 
drug from aqueous solution was adopted by preparing a hydrogel surface for drug absorbent. The poly (PVA-AAM) hydrogel 
surface was prepared by relying on the polymerization of free radicals, using KPS as a starting material for free radicals, and 
using the cross-linking agent (AMB). The surface was studied and characterized by using several techniques such as (FTIR, 
TEM, AFM, and BET). Several important factors were studied, including (the effect of equilibrium time, the ionic strength, 
and the effect of temperature). The adsorption efficiency decrease when the concentration of salt increase, and the best weight 
(0.05 g) give higher adsorption capacity and best pH in the acidic medium. The study showed that adsorption efficiency 
increases with decreasing temperature through the adsorption process at different temperatures. The change in the values ​​of 
thermodynamic functions (Entropy, Enthalpy, and Gibbs free energy) was calculated and found the reaction spontaneous and 
exothermic process. The adsorption isotherms were studied through the results, and it was found that it obeys the Freindlich 
model
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INTRODUCTION
Pollution is the harmful changes that occur in environmental 
systems due to the introduction of polluting materials such as 
industrial waste, hospitals, and pharmaceuticals to get rid of 
these materials because of their physical and chemical side 
effects on the environment lead to water pollution.1,2 The toxic 
substances that change the properties of water that contain 
heavy elements such as lead, cadmium, copper, and others. 
Also, sewage water contains dangerous chemicals and bacteria 
that cause dangerous diseases. Drugs are considered one of 
the most dangerous pollutants affecting water’s chemical and 
physical properties.3-6 Therefore, the country’s pollution has 
gained attention due to the damage it causes to the biological 
systems of the natural environment. These drugs may be highly 

RESEARCH ARTICLE

toxic, cause allergies, genetic mutations, and cancer diseases 
and thus affect human health.7-10 Some physical and chemical 
techniques have contributed to reducing pollution and getting 
rid of pollutants, whether liquid or solid. These techniques 
include extraction, ion exchange, precipitation, filtration, and 
evaporation, but these techniques are limited in use because 
of their high cost. Adsorption occupies an important position 
among the techniques used to get rid of pollutants because it 
is an effective and easy way to use and depends on the use 
of surfaces available from natural or industrial sources of 
low cost. Most of these surfaces are very effective for the 
removal of pollutants because they depend on the surface 
area and high porosity.11,12 Many examples of surfaces 
used in the adsorption process include coal, clay, activated 
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carbon, carbon nano-tube, silica gel, graphite oxide, and  
hydrogels.

EXPERIMENTAL PART 

Chemicals
All chemicals used in this study have (acrylic acid (AA)) 
and are purchased from Sigma-Aldrich. N, N--methylene-
bisacrylamide (MBA) and potassium persulfate (KPS) from 
Kemiou Chemical Reagent China. Spontaneous and NaOH 
were purchased from Merck. PVA was obtained from Fluka. 
All materials utilized were analytical grade pure and utilized 
without further purification.
Preparation of Poly (PVA-AMA) Hydrogel

Preparation of Polyvinyl Alcohol Solution
Dissolving 2 gm of polyvinyl alcohol in 30 mL of distilled 
water with continuous stirring until all the substance is 
dissolved in the distilled water.
Preparation of Acryl Amide Solution
A quantity of 4 g from AAm is dissolved in 5 mL of distilled 
water and added to the reaction mixture with constant stirring.
Preparation of Sodium per Sulfate Solution
Dissolve an amount of about 0.05 gm from KPS in 1-mL of 
distilled water and add to the reaction mixture a drop–drop.
Preparation of MBA Solution 
Dissolve an amount of about 0.05 gm from MBA in 1 mL of 
distilled water with continuous stirring until the substance is 
dissolved.
Batch Adsorption Experiments
All adsorption experiments are carried out in a 10 mL conical 
flask with 0.05 g hydrogel and 10 mL of solutions drug. To get 
isotherms of adsorption, 0.05 gm of the hydrogel is got in touch 
with 10 mL of several conc. of solutions drug (10–100 mg/L). 
The put-in shaker water bath at 160 r/min for 1-hour at 20°C. 
When the adsorption process attainment equilibrium time, 
the appropriate solution is gathered to filter utilizing a filter 
paper and then estimated via UV–Visible spectrophotometer 
at 275 nm.

Furthermore, additional experiments are too carry out to 
detect the effect of solution pH on the adsorption method. The 
impact of solution pH on drug onto hydrogel is estimated via 
adjusting values of solution pH. Utilized in the experiment is 
0. 1 N HCl and NaOH by the primary conc. of 100 mg/L of 
drug. All adsorption experiments are performed to ensure a 
single variable. The adsorption capacity of drug is calculated 
in the equation: 

				          (1)
RESULTS AND DISCUSSION

Fourier Transform Infrared (FTIR)
The infrared spectrum shows characteristic peaks of the 
prepared hydrogel surface within (1050–3500 cm-1) wide band 

(3433 cm-1) range, showing the interaction between the stretchy 
vibrations of the (O-H) group in the carboxyl and hydroxyl 
groups and the (N-H) group in the acryl amide and cross-linking 
agent (MBA). Also, an infrared spectrum of the adsorbed drug 
appears on the hydrogel surface after the adsorption process, as 
shown in Figure 1, where we notice that no new peak appears, 
only a slight difference in the intensity of adsorption, a clear 
evidence of the occurrence of physical adsorption due to weak 
bonds and the success of the adsorption process.13,14

Atomic Force Microscopy (AFM)
The technique AFM uses the nature of the surface, the average 
thickness of the surfaces, the average roughness (Ra), the 
mean root square roughness (Rq), and the extent of surface 
distribution and homogeneity, which are the most factors to 
describe the hydrogel surface topography,15 as shown in Table 1
TEM 
The surface properties were studied through the TEM 
technique to know the surface’s nature and porosity. Through 
the results, the surface porosity was smooth. This is due to the 
strong correlation between the polymeric chains by means of 
the cross-linking agent,16,17 as shown in Figure 2.

Figure 1: FT-IR spectra of hydrogel before and after adsorption

Table 1: Statistical value of roughness of hydrogel

Statistical value of  roughness Hydrogel
(Ra) nm 6.692 
(Rq) nm 7.970 
(Rsk) nm 0.5903 
(Rku) 2.384 
nm Rp 23.96 
Rv nm 14.41 

Figure 2: TEM image of the hydrogel surface
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Surface Area Analysis
The hydrogel surface properties such as pore size, surface area, 
and pore diameter were studied. So, use the pore volume (BJH) 
and the adsorption isotherms (BET) adsorption-desorption. 
According to the classification of (BJH), the hydrogel follows 
the classification of the TV type, which indicates that the 
adsorption is multi-layered. The isotherm is of the type (H3), 
and this indicates that the surface pores are in the form of non-
solid aggregates. They contain pores in their composition.2,18 
as shown in Figure 3.
Freundlich Isotherm
The isotherm Freundlich was based on heterogeneous and 
multi-layer adsorption. The linear equation appears in 
equation 2.

			         (2)
Langmuir Isotherm
Isotherm Langmuir is based on two assumptions: adsorption 
energy was constant during the method, and adsorption of 
adsorbates occurs on a homogeneous hydrogel via monolayer 
adsorption.19 The linear equation appears in equation 3. 

			         (3)
Figure 4 shows the adsorption isotherm of a drug onto 

a hydrogel surface at room temperature. The results applied 
two models of adsorption isotherms (Friendlich, Langmuir). 
It was found that it obeys the Friendlych isotherm depending 
on the value of (R2), and this indicates that the surface is 
multi-layered.20-22

Effect of Temperature and Calculation of Thermodynamic 
Functions of Adsorption Process
The adsorption of a drug on the hydrogel surface was studied at 
different temperatures (5, 20, 25, and 30°C). Through the results 
shown in Figure 5 and Table 2, the process of adsorption of a 

drug on the hydrogel increases with a decrease in temperature, 
meaning that the adsorption process is exothermic, and this is 
attributed to the fact that the increase in temperature leads to 
an increase in the solubility of minutes The drug is in water. 
This is a strong drop between the drug molecules and the active 
sites on the surface. Hence, the adsorption process favors low 
temperatures to increase the adsorption efficiency.21,22

The thermodynamic functions were calculated, and 
through the results shown in Table 2, It was found that the 
enthalpy value is negative, indicating that the reaction is 
exothermic, and through the value of Gibbs free energy, the 
value is negative that the reaction is spontaneous.23 
Effect of Ionic Strength on the Adsorption
The effect of the ionic strength on the adsorption of a drug 
on the hydrogel surface was studied. In this study, the 
use of different weights of salts (NaCl, KCl, CaCO3) was 
adopted under the experimental conditions of temperature, 
concentration, pH, and surface weight. The results showed in 
Figure 6 that the amount of drug adsorption on the surface of 
the hydrogel decreases with increasing salt concentration, due 
to the effect of competition between drug molecules and salt-
positive ions on the active sites of the surface, as these salts 
increase the solubility of the drug in the solution.24,25

Figure 3: surface area analysis of the hydrogel

Figure 4: Adsorption isotherms of the drug adsorption at 25 oC.

Figure 5: Effect of different temperatures of the adsorption drug on 
hydrogel.

Table 2: Thermodynamic parameters of the adsorption process of drug 
onto the hydrogel

Drug 
ΔH 
 (kJ.mol-1) 

ΔG 
(kJ.mol-1) 

ΔS 
(J.mol-1. k-1) (Keq) 

Streptomycin -18.082 -2.984 -50.664 1.362 

Figure 6: Effect of Ionic Strength on the adsorption onto hydrogel
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CONCLUSION
•	 The adsorption process of a drug on the hydrogel increases 

with a decrease in temperature
•	 The enthalpy value is negative, indicating that the reaction 

is exothermic, and through the value of Gibbs free energy, 
the value is negative that the reaction is spontaneous. 

•	 the adsorption capacity of drug adsorption on the hydrogel 
surface decreases with increasing salt concentration.

•	 It was found to obey the Friendlych isotherm depending 
on the value of R2.
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