
ABSTRACT
Hydrogel can be swelling in water and is three-dimensional polymeric. Because of its ability to absorb water in large quantities, 
it is highly efficient in removing pollutants. The hydrogel was prepared from low-cost and available materials, and the hydrogel 
surface has high efficiency for removing chloramphenicol (CAP) from an aqueous solution. Many of the chemical and physical 
properties of the prepared surface were studied from these important techniques (fourier transform infrared spectroscopy 
(FTIR), x-ray diffraction analysis (XRD), transmission electron microscopy (TEM), and acute flaccid myelitis (AFM)). The 
adsorption capacity increased between 1-minute and 25 minutes, after which the equilibrium time for the hydrogel surface 
reached the equilibrium state after one hour. adsorption method is perfectly appropriate for model second-order, giving the 
best value of (R2=1) and the K2 constant of rate (0.1414 g mg-1min-1 )the temperature adsorption (25oC). 
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INTRODUCTION
Personal care products and drugs are one of the most dangerous 
pollutants in waste water and drinking water. In 1976, it was 
reported that different types of drugs in drinking water and 
a large group of pharmaceuticals were untreated and treated 
in drinking water, surface water, and even groundwater.1-5 
Through the frequent and common use of drugs and 
pharmaceuticals in the prevention and treatment of many 
diseases of humans, animals, and plants, so they are abundant 
in drinking water and sewage. And therefore Presence of 
drugs in very high concentrations in water resulting from the 
wastes of pharmaceutical factories and hospitals. The CAP 
is one of the most famous and widely used antibiotic as a 
drug in veterinary medicine and veterinary medicine.6-11 It 
has many good effects on gram-positive and gram-negative 
bacteria, and it is considered a low cost and widely used in the 
treatment. However, CAP drug has many risks and negative 
effects when used. The physical properties and structure of 
CAP appear in Table 1 . CAP is frequently detected in drinking 
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water, wastewater, surface water and groundwater. Therefore, 
developing an effective, sensitive, and inexpensive technology 
to remove CAP drugs from water is important. Many important 
techniques have been used, including photocatalytic, photo-
oxidation, extraction, and adsorption,12-19 as adsorption is 
one of the simplest and easiest methods used to remove water 
pollutants due to its environmental dependence on friendly 
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Table 1: The physical properties and structure of Chloramphenicol 
(CAP).

Chemical formula C11H12Cl 2N2O5

Solubility in water 6.8
Molecular weight 323.13 g·mol−1

Molecular structure
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surfaces that are inexpensive and available. This study 
depended on the use of an inexpensive, environmentally 
friendly surface with very high efficiency in removing a drug 
from the aqueous solution.

EXPERIMENTAL PART 
The standard solution was prepared by dissolving a drug (0.1 g) 
in (100 mL) distilled water to obtain a concentration (100 mg/L), 
and through it, a series of concentrations (5-100 mg/L) was 
prepared. A calibration curve was drawn according to Lambert-
Beer’s law, as shown in Figure 1. The adsorption experiments 
were carried out at room temperature, and the equilibrium time 
of 60 minutes pH of drug solutions 6.7. Using a concentration 
from 1 to 25 mg/L of the drug and an amount of hydrogel 
weight of 0.05 added, the samples were quickly placed in a 

water bath shaker at 350 rpm for 15 minutes. The solution was 
separated using a centrifuge, and the drug concentration was 
measured before and after the adsorption process using a UV-vis 
spectrometer wavelength of 278 nm. The adsorption kinetics 
were also studied at the same optimum conditions for the 
experiment. Take the drug concentration of 25 mg/L by 10 mL 
of drug solution at room temperature and the weight of 0.05 g of 
the hydrogel using different times (5–120 min). The adsorption 
efficiency was calculated using the equation.

		  Qe = (Co – Ce)/Co (V)/(W)	  ... (1)

RESULT AND DISCUSSION 

Characterization of the Adsorbent

FTIR 
The FTIR was used To characterize the hydrogels before and 
after the surface adsorption method on the drug, as appears in 
Figure 2. Thus, a clear and significant difference in the intensity 
of adsorption between hydrogels. Before the adsorption 
process with the drug, the hydrogels show a clear decrease in 
the FTIR spectra in the intensity of the bands adjacent to the 
adsorption.20 Also, the surface contains the acidic group that 
leads to a difference in the intensity of absorption.
X-ray diffraction (XRD) 
The structural properties of the prepared surface, which are 
represented by the size and crystalline structure of the surface 
in its solid state, were studied using X-ray diffraction spectra. 
The XRD of the hydrogel in Figure 3 shows a broad main peak 
at position (2θ = 23.126°) and d-spacing of (d = 4.397); this 
refers to the non-crystalline nature of hydrogel.21,22

TEM
TEM technology mainly contributes to determining the 
morphology of the prepared surface where the macroscopic 
features were observed or affected by the interface or defects. 
TEM images are shown in Figure 4 of the hydrogel. It consists 
of aggregate and dark spots, i.e., from a dark background in 
color attributed to the hydrogel.
AFM
Atomic force microscopy (AFM) is used to give statistical 
information about the surface preparation and the distribution, 

Figure 1: Calibration curves of the Chloramphenicol (CAP).

Figure 2: FTIR spectra of hydrogels (a) before and (b) after adsorption 
of drug

Figure 3: X-ray diffraction (XRD) of the hydrogel. Figure 4: TEM image of hydrogel
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homogeneity, thickness, and roughness of the surface that was 
observed in Figure 5 depending on the three-dimensional 
image of the surface. Through the results, it was shown that 
the surface contains many cavities, clear evidence of surface 
roughness.
Kinetic Adsorption 
The absorption kinetics was studied to remove a drug from 
the aqueous solution at a constant concentration of 25 mg/L of 
drug at a weight of 0.05 g. The results are shown in Figure 6. 
Adsorption time (1, 5, 10, 15, 20, 25, 30, 45, and 60) minutes. 
The adsorption capacity increased between 1 and 25 minutes, 
after which the adsorption reached an equilibrium state. 
The equilibrium time for the hydrogel surface reached the 
equilibrium state after one hour.23 Kinetics adsorption was 
estimated in Table 2. The drug kinetics adsorption followed 
the model second order, as indicated via higher (R2) values 
Table 2). Adsorption Kinetic of the data were analyzed using 
the first and second order. The Lagergren –first-order calculate 
in eq. :

		  ln (qe – qt) = ln qe – k1 t 	 ... (2)
kinetic linear of the c second-order can be calculate in 

equation :
		  qt= (K2 qe t)/(1 + K2 qe t)	 ... (3) 
The experimental result to ln (QE-qt) and t, as stated by 

the model first-order, found no variation among the adsorption 

equilibrium amount qe and adsorption amount qt at time t. 
consequently, enforcement of the model first-order is not 
potential. Thus, the absorption of the drug to hydrogel did not 
correspond by model first-order.24-27

Experimental results as t = qt and t as stated by the model 
second-order appear in Figure 6, by the derived parameters of 
the slope and intercept as in Table 2. The k2 constant of rate 
0.1414 gm.g-1min-1 is the temperature adsorption (25 oC). The 
value of (R2 = 1) gives the best. Thus, this adsorption method 
is appropriate for model second-order.28

CONCLUSION 
In this study, an environmentally friendly, high-efficiency, the 
inexpensive surface was prepared that can swell and retain 
its pollutant inside. Various chemical and physical properties 
of the prepared surface were studied from these important 
techniques (FTIR, XRD, TEM, AFM). The adsorption kinetics 
was studied, and it was found that it obeys a second-order 
model.
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Figure 5: Atomic force microscopy (AFM) image of hydrogel

Table 2: Parameters of the kinetic adsorption of CAP drug.

First-order Second - order 
k1 qe R2 k2 qe R2

0.0069 1.0912 0.696 0.1414 38.754 1

Figure 6: effect of kinetic adsorption of first-order (a). second-order 
(b) Equilibrium time
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