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INTRODUCTION
Drugs and personal care products are widely used in various fields 
such as medicine, agriculture, aquaculture and animal husbandry in 
people’s daily lives.1,2 The presence of drugs in wastewater causes many 
environmental problems.3,4 Global drug production has been on the rise 
since 2000, with penicillin production reaching 28,000 tons per year in 
2003, equivalent to 60 percent of global antibiotic use per year.5,6 More 
than 50 antibiotics are produced worldwide, including amoxicillin, 
penicillin and ciprofloxacin, more than any other antibiotic.7,8 
Amoxicillin is beta-lactam groups of drugs, which is prescribed for the 
treatment of infections of the body and as an antiviral drug for humans.9 

Although its concentration in the environment is very low, but it can 
easily affect the quality of water and ecosystem and pose a serious threat 
to the environment.10 The presence of beta-lactam rings in the chemical 
structure of amoxicillin, in addition to preventing the growth of 
bacteria, leads to their elimination on the cell-wall.11,12 About 30 to 90% 
of drug compounds are not metabolized in humans and animals and 
enter the environment through urine or feces as an active compound, 
which will have serious and dangerous consequences.13,14 Municipal 
wastewater treatment plants do not have the capacity to remove active 
pharmaceutical compounds from the environment.15,16 Therefore, many 
technologies have been used to remove drug compounds from effluents, 
which can be advanced oxidation processes, photocatalytic degradation, 
chemical degradation, ion exchange, bioreactor, nanofiltration, 
membrane processes, adsorption.17,18

In this study, the adsorption method was used to remove the antibiotic. 
Process adsorption It is used to isolate many organic and inorganic 

pollutants.19 This process due to low cost, High flexibility, easy design 
and efficiency, and high ability to remove toxic and hazardous substances 
as a suitable method of absorption antibiotic pollutants are used.20,21

Adsorption of antibiotic compounds from aqueous solution before they 
enter the environment and cause pollution carbon nanostructures have 
been studied.22 The use of nanostructures increases the surface to volume 
ratio and the absorption process is more desirable.23 Avoid the problem 
of separating the adsorbent from the solution in these methods it is 
impossible.24 As the nanosorbent disperses in solution, centrifugation 
and robust separation systems are required.25 Therefore, in order to 
use the absorbent and easy separation, the nanostructured surface 
is modified. Therefore, to achieve this goal of graphene and magnetic 
graphene nanosorbents have been used. The bonding of magnetic iron 
oxide nanoparticles to graphene combines the high adsorption capacity 
of graphene and the ease of separation of magnetic nanoparticles.26

Therefore, we investigated the uptake of adsorb amoxicillin (AMO) by 
magnetic graphene oxide nanocomposite (MGO) nanoparticles. In this 
work, the effect of different parameters such as contact time and AMO 
concentration and adsorbent dose and pH was investigated.

MATERIALS AND METHODS
This is an applied experimental study that was performed on samples 
of laboratory synthetic wastewater to determine the effect of graphene 
on the absorption of AMO. Materials used in this study are high purity 
AMO powder, 99% graphite and HCl and NaOH 0.1 N, H2SO4 was 1 N, 
which was prepared from Merck company. All samples used in this study 
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were prepared in a volume of 100 ml and was prepared from a stock 
sample with a concentration of 1 g per liter of distilled water.

Synthesis of magnetic graphene oxide
Graphene oxide (GO) was synthesized from natural graphite by the 
Hummers method. 69 ml of sulfuric acid (1 M) to a mixture of 3 g of 
graphite and 2.5 g of sodium nitrate were added. The mixture was cooled 
to 5°C and stirred for 2 hr. Then 9 g of KMnO₄ was added at temperature 
below 10°C. The solution was stirred in water at 35°C for half an hour. 
Then, with the addition of 238 ml of distilled water to the solution at 
80°C, stirring was continued for half an hour. Then 410 ml of distilled 
water was slowly added to the mixture. To obtain a colorless solution of 
manganese sulfate, 30 ml of 30% H2O2 was slowly added to the mixture. 
The solution was then centrifuged and washed with 5% HCl and water. 
After filtration, it was dried at 65°C to obtain graphite oxide. Then 
prepare 0.5 g solution per liter of graphite oxide and ultrasonic for one 
hour to obtain GO solution.
For magnetic graphene synthesized first 0.5 g of GO was dispersed in 
100 ml of water and 2.7 g of ammonium ferrous sulfate and 1.52 g of 
ammonium ferric sulfate were added to the mixture and ultrasonic 
under nitrogen at 50°C for 20 min and 20 ml of 8 M aqueous ammonia 
solution was slowly added to the solution. The mixture was then stirred 
for 60 min at 50°C. The black precipitate of magnetic nanoparticles was 
collected by magnet and washed with distilled water. The nanocomposite 
was then dried for two hours at 80°C.
In this study, time, pH, AMO concentration, adsorbent dose was 
examined to identify the most optimal values of these variables. All 
adsorption experiments were performed with two replications and 
their mean values were used as final results in the calculations. Finally, 
isotherm and adsorption kinetics experiments were performed under 
optimal conditions.

RESULTS
Figure 1 in order of images (SEM) for scanning electron microscopy 
analysis for MGO Shows before and after the adsorption process. 
He analysis is performed to investigate the morphology and surface 
properties of graphene. In the picture, it can be seen that graphene oxide 
has a sheet shape and has a suitable porosity, which will increase the 
level of contact of the contaminant with the adsorbent and consequently 
increase the adsorption efficiency.
The X-ray purification pattern (XRD) for the magnetic graphene oxide 
studied in the range of 10-70 using Cu kα radiation at 25°C is shown 
in Figure 2. According to this analysis, the peaks created at angles of 
11.7 and 25.2 degrees indicate the presence of graphene oxide. The 
presence of peaks at angles of 18.3 and 30.2, 35.6, 43.2, 53.8, 57.2 degrees 
according to JCPDS Card#19-629 protocol indicates the presence of iron 
oxide in the synthesized adsorbent structure. It can be reported that XRD 
oxide has been successfully synthesized based on the results of magnetic 
graphene analysis.
To determine the ideal dose of the adsorbent, amounts of MGO were 
varied from 0.1 to 1 g/L. Figure 3 shows the removal percentages (%) 
and different doses of MGO. It was observed that the amount of AMO 
adsorbed onto the unit weight of the sorbent increased from 0.1 to 0.75 g. 
The maximum removal was observed at 0.75 g with percentages of 98.4.
To determine the ideal absorbent dose, the amount of MGO ranged from 
0.1 to 1 g/L. Figure 3 shows removal (%) and different doses of MGO. It 
was observed that the amount of AMO adsorbed on the weight of the 
adsorbent unit increased from 0.1 to 0.75 g. A maximum removal of 0.75 
g was observed with 98.4%.

The efficiency of MGO composites on AMO uptake at various pH levels 
is presented in Figure 4. It can be seen that AMO elimination efficiencies 
decreased with an increase in pH scope of 5-11, and that there was no 
increase in adsorption beyond this pH range. The maximum removal 
was achieved at pH levels of 3-5 with removal percentages of 98.4.
The influence of the various preliminary pollutant concentrations on 
AMO uptake by MGO nanoparticles was examined at concentrations 
(10–100 mg/L). From the achieved results presented in Figure 5, it can 
be observed that the adsorption of AMO is dependent on the AMO 
concentration, and decreasing at a higher initial concentration. The 

Figure 1: SEM pattern of MGO nanocomposite.

Figure 2: XRD pattern of MGO nanocomposite.

Figure 3: Effect of adsorbent dose on removal percentage of AMO  
(C0 = 10 mg/L, pH=3, time=75 min and Tem: 25°C).
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results showed that the amount of AMO adsorbed per unit mass of 
adsorbent increased from 13.95 to 92.39 mg/g.
Figure 6 shows the influence of adsorption time by utilizing MGO 
containing 0.75 g of adsorbent. The results show adsorption of AMO 
increased sharply in the initial 30 min and then increased slowly until it 
reached removal levels in a period of 75 min. Adsorption time increased 
from 59.54 to 84.30% and augmented from 75.4 to 98.4% with an 
increase in contact time from 30 to 75 min.

DISCUSSION
The uptake of amoxicillin was evaluated between 0 and 120 min and the 
effect of time on changes in adsorption, it should be observed that the 
removal process had an acceptable speed and the maximum amount 
of adsorption was achieved in 75 min. However, at times higher than 
75 min, the absorption is steady and balanced and has subtle changes. 
Initially, the process has a high rate of adsorption due to the presence 
of voids that have the ability to trap contaminant molecules,27 while 
with increasing time due to saturation of existing voids, the adsorption 
efficiency decreases.28,29

Darweesh et al. Obtained a time of 60 min as the optimal time for 
norfloxacin removal by the granular activated carbon. The cause of 
fluctuations in adsorption time in studies can be due to differences in 

the type of pollutant, adsorbent synthesis method and also differences in 
pollutant concentrations used to determine the equilibrium time.30

Adsorption increases with increasing absorbent dose and decreasing 
contaminant concentration. The optimal adsorbent dose in the present 
study was 0.75 g/L. It is necessary to explain that in higher concentrations 
due to a slight increase in removal efficiency and due to economic 
issues,31-33 the best adsorbent of 0.75 g was selected and introduced. This 
result can be explained by the fact that by increasing the concentration 
of adsorbent in the sample, the available levels and locations of the 
adsorbent for the contaminant increase and increase the adsorption 
efficiency of the contaminant, while at lower doses of adsorbent, the 
adsorption sites are rapidly saturated by the contaminant.34,35

The highest rate of deletion occurs at a pH of 3 with a removal percentage 
of 98.41 achieved. This is because the adsorption capacity is highly pH 
dependent and the adsorption mechanism depends on the surface 
charge of the adsorbent and the AMO ions in solution.36, 37

It can be noted that at low pH values, the binding capacity of AMO is 
increased due to the anionic properties of the antibiotic.38 In addition, 
the MGO levels represent an anionic group (COO−) and subsequently 
improve their particle exchange properties for specific treatments of 
oppositely charged species (AMO) of aqueous mixtures through the 
electrostatic power of their interaction.39

Ji et al.38 examined the sorption of TC on MWCNT and graphite, and 
the elimination of this tetracycline was achieved at pH 2. Moreover, 
Balarak et al.39 determined that at acidic pH situations, a positively 
charged external sites on Lemna minor prefer the sorption of CIP anions 
owing to the electrostatic enchantment, and the pH of the ciprofloxacin 
solution.
The data showed that the increase at the initial AMO concentration 
improves the quantity of AMO adsorbed onto the MGO. The increase in 
the adsorption capacity is possibly owing to greater interaction among 
the AMO and MGO in addition to an increase in the number of AMO 
particle collisions that increase the driving force of the concentration 
gradient with the increase in the initial concentration to overcome 
all resistances of the AMO mass transfer among the solid phases and 
liquid.40,41 Moreover, the higher amount of AMO adsorption at higher 
concentrations is probably because of increased diffusion and reduced 
resistance to AMO uptake.42

Results demonstrates that the adsorption process of AMO by MGO 
decreased with increasing temperature and indicating that the processes 
are exothermic. Because the adsorptive powers among AMO and active 

Figure 4: Effect of pH on removal percentage of AMO (time=75 min,  
C0 = 10 mg/L, tem: 25°C and MGO dose =0.75 g/L).

Figure 5: Effect of initial AMO concentration on removal percentage of AMO 
(time=75 min, pH=3, tem: 25°C and MGO dose =0.75 g/L).

Figure 6: Effect of contact time on removal percentage of AMO  
(C0=10 mg/L, pH=3, Tem: 25°C and MGO dose =0.75 g/L).
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sites on the MGO became weak with the increase in temperature, AMO 
removal efficiency decreased.43

Conventional treatment technologies for the elimination of AMO 
from aqueous effluents are not economical, expensive, and difficult to 
operate and produce huge amounts of toxic chemical sludge.27 However, 
in this technical application, the low cost of prepared materials, the 
phenomenon of rapid adsorption happens at the shorter contact time 
with small quantities of MGO and its regeneration for more cycles with 
a high yield, which enables a smaller size of the contact apparatus, which 
in turn directly affects the running cost and the ability of the technique.

CONCLUSION
This study demonstrated that the MGO in this work is effective 
adsorbents at complete adsorption of AMO from an aqueous solution. 
MGO was prepared by the Hummers method, a cheap technique. The 
batch process conditions have a significant influence on the removal 
process, where increasing the MGO dose has a directly proportional 
effect on the AMO adsorption process. In addition, it was shown that 
the adsorption of AMO is favored at a low AMO concentration and 
pH. The adsorption of AMO was exothermic, a spontaneous process, 
and the reaction of adsorption is a physisorption process. Therefore, 
this research confirms that adsorption of AMO by using MGO led to 
an efficient improvement in the removal process of AMO from aqueous 
solution in a short adsorption time.
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