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Abstract: - In this study, hematite dysprosium oxide (Fe2O3–Dy2O3) nanocomposites was generated under 
laboratory conditions for antibiotic and microorganism removals from the surface water. The effects of increasing 
nanocomposite concentration, Chloramphenicol (Chloram) antibiotic doses, time and ionic strength levels on the 
adsorption yields of antibiotic, bacteria (E. coli, Pseudomonas and Salmonella) and virus (Enteric viruses) were 
investigated. Fe2O3–Dy2O3 (FD) was synthesized via green approach using Syzygium aromaticum bud extract. 
The formation of Fe2O3–Dy2O3 nanocomposite was confirmed by FTIR, XRD, XPS, FESEM, TEM, VSM, 
EDX, BET, TGA, and ODRS analyses. A magnetic counterpart Fe2O3–Dy2O3 (c-FD) was obtained via 
calcinations of FD at 700°C and tested for the Chloram removal performance. BET surface area of the FD and c-
FD was found to be 112 and 41 m2/g. Antibiotics have been emerged as an issue high concern due to their 
potential risk for ecosystem and human health. The detailed kinetic and isotherm modelling showed that the 
Chloram antibiotic adsorption did not match with the pseudo-second-order and the monolayer pseudo first order 
adsorption kinetics on the surface of FD and c-FD nanocomposites respectively. With Langmuir and Freundlich 
adsorption kinetic constants also the Chloram adsorption cannot be defined due to low kinetic constants with low 
regression coefficients. The removal of Chloram antibiotic in FD and c-FD nanocomposites can be explained 
with intraparticle diffusion kinetic with high intraparticle diffusion rate constant (Kid) values of 0.982 and 1.98 
for 0.001 mg/l Chloram up to 40 mg/l, respectively in both nanocomposites, respectively, with low boundary 
layer thickness C (0.08 mg/g) values and with high R2 values of 0.999. The maximum removal percentage of 
Chloram was found to be 99% for FD and 96% for c-FD nanocomposites at an adsorbent dose of 2 mg/l within 
15 min for 40 ppm initial concentration of Chloram at an ionic strength of 1.2 M. As the ionic strength was 
increased from 0.01 M up to 1.2 M, the adsorption efficiencies of Chloram antibiotic increased from 90% and 
82% up to 99% and 87%, in FD and c-FD nanocomposites, respectively. The Chloram antibiotic yields at low 
Chloram concentrations also simulating the surface water doses (0.0001 mg/l, 0.001 and 0.01 mg/l) were 99% at 
FD nanocomposite.At high Chloram concentrations also (40 mg/l) the Chloram yields also was detected as 99% 
at FD nanocomposites. The effect of FD and c-FD nanocomposites on bacterial strains (E. coli, Pseudomonas 
and Salmonella and viruses (Enteric viruses) were found to be high. The removal efficiencies of microorganisms 
from surface waters using Fe2O3–Dy2O3 nanocomposites are ranked as follows: E. coli > Pseudomonas > 
Enteric viruses > Salmonella, respectively. The reuse of Fe2O3–Dy2O3 nanocomposite was also investigated. 
The recyclability of the aforementioned nanoadsorbents showed excellent cycling stability and reuse properties. 
The operational stability of both nano-adsorbents was revealed by evaluating the Chloram (40 ppm) adsorption 
after 70 cycle runs. Until 70 cycles the Chloram yields were 99% and 96% at FD and c-FD nanocomposites, 
respectively. After 70 cycles the Chloram yields decreased slightly to 88% and 80%. This is very advanantageous 
for further application in water purification and treatment. 
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1 Introduction 
Antibiotics have become an important water pollutant 
owing their intense use over the past decades, [1]. 
Since their introduction in 1950, Choramphenicols are 
one of the major types of antibiotics, besides 
sulfonamides, macrolides, and quinolones that have 
been extensively used in human and veterinary 
medicines and as growth promoters in agriculture and 
aquaculture, [2], [3].  

The generation Chloramphenicols were approved 
by the Food and Drug Administration in 2005 and after 
a decade of clinical use, remain relatively active 
against many multidrug resistance pathogens 
including Staphylococcus aureus, Acinetobacter 
baumannii, Klebsiella pneumoniae, and Escherichia 
coli., [4], [5]. There are many pathways for the 
environmental release of antibiotics, but in general, 
any anthropogenic activity which demands its use has 
exposed it to the contamination of soils and sediments 
and passed it to subsurface water, lakes, and rivers. 

The removals of bacteria, viruses and antibiotics 
via nanocomposites can be explained as follows: 

Physical trapping and surface interaction: The 
mesoporous structure of the nanocomposite offers a 
large surface area for the retention of pathogens. 
However, the differences in ranking are based on the 
following physical factors: (a) Size and form 
matching: Bacteria such as E. coli and Pseudomonas 
possess structures like flagella and fimbriae that 
facilitate attachment to mesoporous surfaces. Studies 
have shown that these structures can establish specific 
ligand-receptor bonds with functional groups on 
nanocomposite surfaces (e.g., N-acetylglucosamine in 
chitosan-coated systems). (b) Electrostatic attraction: 
Hematite (α-Fe₂ O₃ )-based structures can have a 
positive surface charge depending on the pH value. 
The electrostatic attraction between negatively 
charged bacterial cell walls (especially Gram-
negatives) and this positive surface maximizes 
adhesion. 

The true antimicrobial effect of dysprosium 
addition: Removal is not just "imprisonment," but an 
active elimination process. Dysprosium (Dy) addition 
enhances the natural catalytic properties of hematite in 
the following ways: (a) Reactive oxygen species 
(ROS) production: Dysprosium improves the 
separation of electron-hole pairs by creating defects in 
the hematite structure. This increases the production of 
potent oxidizers such as hydroxyl radicals (OH●) and 
super oxides (O⁻ 2●) in an aqueous environment. (b) 
Cell wall degradation: These produced reactive 
oxygen species (ROS) kill the cell by causing lipid 
peroxidation and protein damage, especially in species 
whose cell wall structure is more susceptible to ROS 
attacks, such as E. coli.  

Reasons for the ranking of microorganisms: It is 
removed most efficiently via both strong electrostatic 
attraction and excellent chemical compatibility with 
the nanocomposite surface of structures like F-17 
fimbriae. (a) Pseudomonas: Efficiently retained due to 
high adaptability and biofilm-forming tendency, but 
may be slightly more resistant to ROS than E. coli. (b) 
Enteric viruses: Their very small size (nano meter 
level) makes them difficult to trap through mechanical 
straining like bacteria. They lag behind bacteria as 
their removal relies almost entirely on electrostatic 
attraction. (c) Salmonella: Salmonella cells are 
generally larger than E. coli, and structures like SiiE 
adhesin on their surface may require a greater distance 
to approach the nanocomposite surface. This reduces 
the number of bacteria retained per unit mass 
(adsorption capacity). 

This removal process begins with physical 
adsorption in the mesopores and the addition of 
dysprosium, transforms into a sustained antimicrobial 
effect through oxidative stress (ROS). 

Surface water is prone to bacterial contamination 
as it receives wastes and pollutants from human and 
animal sources, and contaminated water may expose 
local populations to health risks. This provides on the 
prevalence and antimicrobial resistance phenotypes of 
Salmonella, Escherichia coli and Enterococcus, found 
in natural freshwaters. These bacteria are frequently 
detected in surface waters, sometimes as etiological 
agents of waterborne infections, and antimicrobial 
resistance strains are not uncommonly identified in 
both developed and developing countries. Data 
relating to Salmonella, E. coli and Enterococcus 
present in environmental water are lacking, and in 
order to understand their development and 
dissemination using the One Health approach, 
understanding the prevalence, distribution and 
characteristics of the bacteria present in surface water 
as well as their potential sources is important. 
Furthermore, antimicrobial resistance bacteria in 
natural watersheds are not well investigated and their 
impacts on human health and food safety are not well 
understood. As surface water is a receptacle for 
antimicrobial resistance bacteria from human and 
animal sources and a vehicle for their dissemination, 
this is a crucial data gap in understanding 
antimicrobial resistance and minimizing its spread. 
Salmonella, E. coli and Enterococcus were chosen to 
evaluate the presence of primary pathogens and 
opportunistic pathogens as well as to monitor 
antimicrobial resistance trends in the environmental 
water. In the literature studies around the world have 
demonstrated the widespread distribution of 
pathogenic and antimicrobial resistance bacteria in 
surface waters of both developing and developed 
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countries, confirming the importance of 
environmental waters as a reservoir for these bacteria 
and the need for more attention on the environmental 
bacteria for emerging antimicrobial resistance. 

Studies have warned about the potential ecological 
risks and public health threat, [6], [7]. The occurrence 
of Chloramphenicols in surface water and soils is 
becoming a worldwide issue, and the toxicity effect 
eventually will reach the ecosystems, [8], [9], [10]. 
The more significant techniques to remove 
micropollutants from contaminated media include 
adsorption, biodegradation, photodegradation, and the 
advanced oxidation process. 

Some of them face many challenges due to their 
high operational costs and time-consuming processes, 
[11], [12], [13]. Adsorption is an inexpensive 
technique easy to implement, with high efficiency, and 
without toxic by-products, [14], [15], [16], [17]. The 
effectiveness of the adsorption process depends on the 
physicochemical properties of the adsorbent, such as 
specific surface area, porosity, surface polarity, and 
morphology of the material, as well as the 
characteristics of the adsorbate, such as size, polarity, 
ionic charge, and hydrophobicity, [18], [19]. The 
adsorption mechanisms consist of the electrostatic 
interaction and physical bindings of adsorbate to the 
specific sites on the surface of an adsorbent, [20]. 
Activated carbons are frequently used as adsorbent 
owing to the high specific surface area, pore size, and 
chemical functionalities, [21], [22], [23]. 

Pharmaceutical run of has been considered as one 
of the most noxious effluents due to their incessant 
loading and persistence even at low concentrations in 
the water bodies, [24], [25], [26]. The prolonged 
exposure to antibiotics causes the emergence of new 
multidrug-resistant pathogenic bacteria, [27], [28].  

The release of untreated and partially treated 
pharmaceutical waste into the drinking water and other 
water sources results in polluting the water, [29], [30]. 
Pharmaceutical waste includes a variety of chemical 
compounds like antipyretics, analgesics, steroids, 
antihypertensive, antidepressants, contraceptives, 
antibiotics, etc, [31], [32], [33], [34]. Although, the 
concentration of these compounds is relatively low 
(mg/l to µg/l) but still they are highly hazardous for 
humans and aquatic organisms, [35], [36], [37], [38]. 

There are extensive treatment methods available to 
treat antibiotic-contaminated water, such as 
biodegradation, chemical oxidation, photocatalytic 
degradation and adsorption, [39], [40], [41]. Each of 
them has its own advantages and limitations like use 
of harmful chemical oxidizing agents, formation of 
toxic byproducts, high operational cost, and low 
efficiency, [42], [43]. Out of these developed methods, 
adsorption is the widely exploited methodology for the 

removal of pollutants owing to its simplicity, less 
toxicity and cost-effectiveness, [44], [45]. Recent 
studies conveyed that besides natural materials, such 
as soil and clay, the engineered nanomaterials, i.e. 
metal oxide nanoparticles and metal organic 
framework have displayed strong adsorption 
capacities for antibiotics removal due to their highly 
porous structure with microporous/mesoporous 
cavities, [46], [47].  

However, metal oxides have been less explored due 
to the toxicity issues associated with them. There are 
other disadvantages also, such as high-temperature 
synthesis and low separation efficiency, [48], [49], 
[50]. Therefore, the development of highly efficient, 
easily recyclable adsorbents with low toxicity is highly 
desirable, [51], [52], [53].  

Among many transition metal oxides, hematite (α-
Fe2O3) has been a widely studied nanomaterial due to 
its internal porosity with additional benefit of simple 
separation under influence of external magnetic field, 
low cost and environmentally friendly nature, [54]. 
Owing to these properties, it is used in a variety of 
environmental applications, such as catalysis, sensing 
and adsorption, [54]. 

Several iron-based nanomaterials have been 
utilized for the efficient removal of antibiotic-based 
contaminants, such as metoprolol, carbamazepine, 
ciprofloxacin, tetracyclines, chloramphenicol, etc, 
[55]. Recently, the use of metal oxide-based nano-
adsorbents prepared using green methodology has 
gained considerable attention due to their non-toxicity, 
cost effectiveness, and eco-friendly nature, [31]. There 
are several reports where plant extract or 
microorganisms have been exploited to produce metal 
oxide nanocomposites, [56]. The process is free from 
harmful chemicals, i.e. reducing and stabilizing agents 
as the biological moieties present in the plant extract 
itself act as reducing and stabilizing agents for 
nanoparticles, [56]. A variety of these nanoparticles 
have found their applications in the field of adsorption, 
catalysis, batteries, etc. 

Despite the progress in this field there is huge scope 
for improvement in adsorption performances of 
haematite nanocomposites, [57]. Hence, the chemists 
are trying to enhance the adsorption capacity of 
haematite‐ based adsorbents by simple and cost-
effective techniques, [57]. Besides, it is advantageous 
to explore the green route, low-cost methods for large-
scale production of nanocomposites by exploring 
natural ingredients as they are present in ample 
amount and low toxicity. 

Metal/metal oxide incorporation in matrix of other 
oxides is found to be effective in enhancing the 
adsorption efficiency of host system, [58], [59]. The 
physicochemical properties of nanomaterials are 
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remarkably influenced leading them to be suitable for 
a variety of technical applications. 

Chloramphenicol (Chloram); an effective broad‐
spectrum antibiotic with excellent antibacterial 
properties, has been widely used to inhibit both gram‐
positive and gram‐ negative bacteria in humans and 
other mammals, [54], [60]. Excessive usage of 
Chloram may result in bone marrow depression, fatal 
aplastic anaemia, gray baby syndrome in humans, etc, 
[61], [62], [63]. Consequently, Chloram has been 
banned by many developed countries for use in food‐
producing animals, [64], [65], [66]. However, 
Chloram is still widely used in many developing 
countries due to its low cost and availability, leading 
to water and soil pollution and increase in microbial 
resistance. The structure of chloramphenicol 
(MW=323.13 g/mol) was determined in Figure 1. 
 

*Figure 1 can be found in the Appendix section. 
 

Chloramphenicol is an antibiotic useful for the 
treatment of a number of bacterial infections,[67]. This 
includes use as an eye ointment to treat conjunctivitis, 
[68]. By mouth or by injection into a vein, it is used to 
treat meningitis, plague, cholera, and typhoid fever, 
[67]. Its use by mouth or by injection is only 
recommended when safer antibiotics cannot be used, 
[67]. Monitoring both blood levels of the medication 
and blood cell levels every two days is recommended 
during treatment, [67]. 

Common side effects include bone marrow 
suppression, nausea, and diarrhea, [67]. The bone 
marrow suppression may result in death, [67]. To 
reduce the risk of side effects treatment duration 
should be as short as possible, [68]. People with liver 
or kidney problems may need lower doses, [67]. In 
young infants, a condition known as gray baby 
syndrome may occur which results in a swollen 
stomach and low blood pressure, [67]. Its use near the 
end of pregnancy and during breastfeeding is typically 
not recommended, [69]. Chloramphenicol is a broad-
spectrum antibiotic that typically stops bacterial 
growth by stopping the production of proteins, [67]. 

The biosynthesis of Chloramphenicol is the 
biosynthetic gene cluster and pathway for 
chloroamphenicol was characterized from 
Streptomyces venezuelae ISP5230 (ATCC 17102), 
[70], [71], [72]. Currently the chloramphenicol 
biosynthetic gene cluster has 17 genes with assigned 
roles, [73]. 

Hematite (α-Fe2O3) has been the focus of various 
theoretical and experimental studies, owing to its 
applications as a magnetic, semiconductor and 
catalytic material. Doping hematite with several 
transition metal and rare earth elements was found to 

determine an improvement of its electrochemical and 
photocatalytical properties, [74], [75], [76], [77], [78], 
[79].  

Dysprosium oxide (Dy2O3) is a paramagnetic 
compound that can be used to functionalize α-Fe2O3 
with prospective applications in sensing, catalysis and 
flexible electronics. In particular, dysprosium ion Dy3+ 
was found to exhibit intriguing properties when 
introduced in several systems, [80], [81], [82], [83], 
[84], [85], [86], [87], [88], [89], [90], [91], [92], [93], 
[94], [95]. Thus, α-Fe2O3 nanoparticles 
electrochemically doped with dysprosium cations 
were found to lead to the development of novel iron-
based electrodes, due to their supercapacitive and 
magnetic properties, [96]. The Dy3+ ion was found to 
present a combined impact on the physical, optical, 
magnetic and DC-electrical properties of dysprosium 
doped Cu0.8Cd0.2DyxFe2-xO4 nanoferrites, [84]. The 
effect of Dy replacing Fe on the microstructure, 
electrical properties and magnetic properties of 
NiZnCo ferrite was also investigated, [85]. Reference, 
[87], reports on the effect of dysprosium substitution 
on the crystal structure and physical properties of 
multiferroic BiFeO3 ceramics. A Mӧssbauer study of 
multiferroic DyFeO3 is available in literature, [89], but 
the dysprosium orthoferrite investigated was in 
polycrystalline form rather than nanoparticles.   

Recently, the ball milling technique was key to 
obtaining garnet-graphene nanocomposites, [97], and 
crucial to determine the formation of skyrmion phase 
in the Fe-Co-Si system, [98]. Moreover, 
mechanochemical activation was used to synthesize 
mixed-oxide nanostructures of the type xGd2O3-(1-x) 
α-Fe2O3, [99], and xNd2O3-(1-x) α-Fe2O3, [100], with 
the presence of solid solutions in the former and 
absence of solid solutions in the latter system. 

Many studies in literature have established the 
significant enhancement in adsorption performance of 
iron oxide nanocomposites upon doping with different 
metal ions, [25], [101], [102]. A key objective of the 
present research was to build a quick and eco-friendly 
method for the fabrication of Fe2O3–Dy2O3 
nanocomposite (FD) employing clove extract 
(Syzygium aromaticum) for the adsorptive removal of 
pharmaceutical pollutant, Chloram, [103]. As per our 
knowledge, there very few investigations on the green 
synthesis of Fe2O3–Dy2O3 nanocomposite till date. 
 
1.1 Adsorption Types   
 
1.1.1 Physical-Adsorption  

Adsorption is carried out on such surfaces through 
natural attractive forces or the so-called Vander Waals 
forces, [103]. This type of adsorption can be in the 
form of multiple layers of the adsorbent material on 
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the surface of the adsorbent material when suitable 
conditions of pressure and temperature are available, 
[103]. The adsorbent and the adsorbent, which is 
estimated at less than (40 kj/mol), therefore, this type 
of adsorption does not need high temperatures and 
does not require activation energy and occurs at low 
temperatures similar to the process of condensation of 
vapours on the surfaces of liquid materials, [102], 
[103], [104].  

Physical adsorption (physi-sorption) involves the 
use of van der Waals forces as attractive forces 
between an adsorbent (solid) and an adsorbent (gas 
molecules) and is characterized by: (a) All gases are 
subject to adsorption on the surface of a solid, so there 
is no difference in physical adsorption; (b) The higher 
the liquefaction capacity of the gas, the greater the 
physical adsorption it is subjected to; (c) It is 
considered an inverse phenomenon that depends on 
pressure and temperature. Conversely, the lower the 
pressure, the further away the gas molecules are from 
the surface of the solid; (d) It increases with the 
increase in temperature and decreases with its 
decrease, (e) As a result of the increase in the surface 
area of the porous materials, they are considered one 
of the best materials for physical adsorption; (f) It 
happens without the need for any kind of energy. 
 
1.1.2 Chemical Adsorption  

This type of adsorption occurs on surfaces that are not 
electronically unsaturated, as such surfaces tend to 
form chemical bonds with the atoms or molecules that 
have been adsorbed. As a first step in the chemical 
reaction that occurs between the adsorbent surface and 
the adsorbent material, this type of adsorption needs a 
high activation energy, as well as the accompanying 
temperatures are high and estimated in a quantity 
greater than (40 kj/mol), and this type of adsorption is 
specific and is not reversed and limited by its layer 
Oxygen adsorption on coal surface, hydrogen chloride 
adsorption on iron surface. The Factors affecting on 
Adsorption, [101, [103], [104]. 

In this type of adsorption, the attractive forces 
between the adsorbent and the adsorbent are in the 
form of chemical bonds formed within a single-
molecule layer, and this process is characterized by the 
following [98], [99], [100], [101], [102], [103], [104]: 
(a) For its occurrence, a chemical bond is required to 
form between the adsorbent and the adsorbent; (b) It 
occurs slowly at lower temperatures, and increases in 
frequency with increased pressure; (c) It relates to the 
surface area with which the greater the adsorption; (d) 
Unlike physical adsorption; It needs specific energy to 
stimulate it; (e) Fields of use of adsorption 
phenomenon; (f) Scientists rely on this phenomenon 
when their work requires them to find a vacuum, and 

reactive coal is usually used; (g) Coal miners use 
masks against toxic gases; Which depends on this 
phenomenon to purify the air of these gases; (h) When 
some works impose the absence of moisture in the 
place, a gel made of aluminium and silica is used, 
which is able to absorb moisture through adsorption; 
(j) Adsorption-capable charcoal is used to break up 
inert gases; (k) In the medical fields, pharmaceutical 
drugs can kill germs through this phenomenon; (m) 
Usually, the colour of the sugar is removed by adding 
charcoal, which is able to adsorb these colours; (n) It 
is also used in the paint industry to get rid of inert 
gases, as it will affect the ability of the paint to adhere 
well to the surface.  
 
1.1.3 Comparison of Physical and Chemical 

Adsorption 

Physisorption, while characterized by weak 
intermolecular forces and negative enthalpy (ΔHo < 0, 
exothermic), can present as kinetically controlled due 
to slow pore diffusion or mass transfer limitations, 
rather than high chemical activation energy. The 
exothermic nature is reconciled with kinetics because 
the initial adsorption step releases energy, while the 
"rate-limiting" step is often the physical transport of 
molecules into the adsorbent surface, not the binding 
itself. Key points on reconciling these processes: 

(1). Physical nature: Physisorption is typically fast 
and reversible, mediated by weak Van der Waals 
forces, making it inherently exothermic (releasing 
heat). 

(2). Kinetics vs. thermodynamics: A negative 
defines the thermodynamic drive (products are lower 
in energy than reactants), while kinetics dictates the 
rate, which can be limited by diffusion, not bond-
breaking. 

(3). Diffusion limitations: On porous materials like 
zeolites, the measured kinetics can be slow, but this is 
often due to the time taken for molecules to travel into 
narrow pores, not the breaking of chemical bonds. 

(4). Monolayer coverage: For gases, physisorption 
is often restricted to a monolayer, with energetics 
comparable to liquefaction. 

This phenomenon is often explained through 
"pseudo" (false) kinetic models and energy barriers. 
The contradiction between the exothermic nature of 
physisorption and slow processes resembling a 
chemical velocity is resolved in three key points: 

(a) Activation energy barrier: Although, 
physisorption theoretically has a low activation energy 
(Ea), adsorbate molecules encounter steric barriers as 
they pass through narrow channels in porous structures 
(activated carbon, zeolite, etc.). This "diffusion 
resistance" causes the kinetic data to fit a pseudo-
second-order model (implying chemical control). 

MOLECULAR SCIENCES AND APPLICATIONS 
DOI: 10.37394/232023.2026.6.7 Ruki̇ye Özteki̇n, Deli̇a Teresa Sponza

E-ISSN: 2732-9992 58 Volume 6, 2026



(b) Surface heterogeneity: The energy levels on the 
adsorbent surface are not homogeneous. It takes time 
for molecules to settle into the most stable regions and 
rearrange themselves on the surface. This creates an 
illusion of "chemical confinement," where the rate 
depends on the occupancy rate of the active sites on 
the surface, even though it is thermodynamically 
physisorption. 

(c) The flexibility of the pseudo-second order 
model: In the literature, the pseudo-second-order 
kinetic model is generally accepted to simulate not 
only chemisorption but also the combined effects of 
film diffusion and intrapore diffusion very well. That 
is, mathematical agreement does not always mean the 
mechanism is chemical. 

In this study, hematite dysprosium oxide (Fe2O3–
Dy2O3) nanocomposites was investigated for removals 
of Chloram antibiotic and some microorganism from 
the surface water. The effects of increasing 
nanocomposite concentrations, Chloramphenicol 
(Chloram) antibiotic doses, time and ionic strength on 
the yields of adsorption capacity for the removals of 
antibiotic, bacteria and viruses were investigated. In 
order to simulate the surface water low Chloram 
antibiotic concentrations (0.0001 mg/l, 0.001 mg/l and 
0,01 mg/l) were used while in order to simulate the 
pharmaceutical/antibiotic industry wastewaters high 
Chloram concentrations (30 mg/l, 40 mg/l and 60 
mg/l) were used. Fe2O3–Dy2O3 (FD) was synthesized 
via green approach using Syzygium aromaticum 
(Clove) bud extract, for the effective removal of an 
antibiotic Chloramphenicol (Chloram). The formation 
of Fe2O3–Dy2O3 nanocomposite was confirmed by 
FTIR, XRD, XPS, FESEM, TEM, VSM, EDX, BET, 
TGA, and ODRS analyses. The adsorption of Chloram 
antibiotic to Fe2O3–Dy2O3 (FD) and c-FD 

nanocomposites was investigated using five different 
kinetic isotherms namely pseudo-first-order, pseudo 
second-order kinetic, intraparticle diffusion, Langmuir 
and Freundlich adsorption models. The effect of FD 
and c-FD nanocomposites on the removal of 3 
bacterial strains and an Enterovirus group present in 
the surface water and the reuse of Fe2O3–Dy2O3 
nanocomposite was also investigated.  
 
 
2 Materials and Methods 
 
2.1 Synthesis of Fe2O3–Dy2O3 Nanocomposite 
The mixed nano metal oxide was prepared by co-
precipitation. For the synthesis of Fe2O3–Dy2O3 
nanocomposite, 10 mM solutions of FeCl3 and 
Dy(NO3)3 were mixed in 1/1 ratio, i.e. 
FeCl3:Dy(NO3)3. With this ratio the formation of 

Fe2O3–Dy2O3 nanocomposite was performed under 
laboratory conditions.  

The nanocomposite was washed twice with water 
followed by ethanol. Further, Fe2O3–Dy2O3 
nanocomposite was dried to a powder by a rota 
evaporation. The calcined Fe2O3–Dy2O3 

nanocomposite was obtained via calcination at 700oC 
for 1 h. 

The prepared Fe2O3–Dy2O3 was defined as FD 
while the calcinated Fe2O3–Dy2O3 at 700oC was 
defined as c-FD. The FESEM images of FD 
nanocomposites and c-FD nanocomposites were 
shown in Figure 2. 

 
*Figure 2 can be found in the Appendix section. 
 
Effect of contact time, adsorbent dose, initial 

concentration of Chloramphenicol and pH was 
investigated. The amount of Chloram adsorbed, i.e. 
adsorption capacity of Chloram-Chloramphenicol and 
(%) removal was calculated by following Eq. (1) and 
Eq. (2), respectively. 
 
2.1.1 Syzygium Aromaticum Bud Extract 

Syzygium aromaticum bud extract, commonly known 
as clove bud extract, is a tropical evergreen plant 
belonging to the myrtle family. The extract obtained 
from the dried flower buds of this plant is widely used 
in the medical, cosmetic, and food industries. 

Key properties and composition: The most notable 
feature of this extract is its rich bioactive components: 

(a) Eugenol: The main component of the extract, 
providing strong antiseptic, analgesic (pain-relieving), 
and anti-inflammatory properties. 

(b) Strong antioxidant capacity: Cloves are one of 
the natural sources with the highest antioxidant 
capacity, fighting free radicals and reducing oxidative 
stress. 

(c) Beta-carotene and vitamins: Contains nutritious 
elements such as vitamin A and beta-carotene. 

Uses and benefits: Clove bud extract is used in 
various sectors for the following purposes: 

(a) Oral and dental health: Due to its antiseptic and 
anesthetic effects, it is widely preferred for relieving 
toothaches and treating gum problems. 

(b) Skin and hair care: In cosmetic products, it 
helps prevent hair loss and promote hair growth by 
increasing blood flow to the scalp. It is also used in 
anti-acne products due to its antibacterial properties. 

(c) Digestive system: It is used in dietary 
supplements or traditional medicine for its digestive 
and gas-relieving effects. 

(d) Natural preservative: It is valued as a natural 
preservative agent in the food and cosmetic industries 
due to its antibacterial and antifungal properties. 
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Syzygium aromaticum bud extract is a versatile 
herbal compound containing a high percentage of 
eugenol, which fights microbes and has analgesic 
effects. 
 
2.2 Adsorption Experiments 
The batch contact procedure was followed to carry out 
all the adsorption experiments. In brief, the 10 mg of 
each nano-adsorbent (FD and c-FD) was added to 10 
ml of Chloram solutions at room temperature. The 
mixtures were magnetically stirred for 15 min to attain 
equilibrium. Further, the suspension was centrifuged 
at 10,000 RCF “g” to isolate the nano-adsorbent (FD) 
from the mixture.  

The effects of contact time, adsorbent dose, initial 
concentration of Chloramphenicol and ionic strength 
on the removals of Chloram and some bacteria and 
viruses were investigated in FD and c-FD 
nanocomposites was investigated. The amount of 
Chloram adsorbed, i.e. adsorption capacity of 
Chloram-Chloramphenicol and (%) removal was 
calculated by following Eq. (1) and Eq. (2), 
respectively. However, the c-FD was separated by 
magnetic separation. 

The mixture was examined by UV–visible 
spectrophotometer to measure the amount of Chloram 
in solution. The amount of Chloram adsorbed, i.e. 
adsorption capacity of Chloram and (%) removal was 
calculated by following, [104], Eq. (1) and Eq. (2), 
respectively. 
 
𝑞𝑒 =

(𝐶0−𝐶𝑒)𝑉

𝐶0
(1) 

 
𝑅𝑒𝑚𝑜𝑣𝑎𝑙 (%) =  

𝐶0−𝐶𝑒

𝐶0
𝑥100(2) 

 
Where, Co and Ce (mg/l) represent primary 

Chloramphenicol (Chloram) concentration of in 
equilibrium, respectively, V is volume of solution 
(liter) and m (g) is the weight of adsorbents used. All 
the adsorption experiments were performed in 
triplicates. 
 
2.4 Characterization of Fe2O3–Dy2O3 

Nanocomposite  
 
2.4.1 Fourier Transform Infrared Spectroscopy 

(FTIR) Analysis  

The incidence of various functional groups in 
synthesized adsorbents was authenticated by FTIR 
using Thermo-Scientific, with diode laser which is 
thermally-controlled in transmittance mode in the 
range  
of 4000–500 cm−1.  

The electronic absorption spectrum was measured 
on a spectrophotometer Hachioji, Tokyo 193-0835, 
Japan model). For obtaining absorption spectrum 
(200–500 nm), quartz cuvettes having 1 cm path 
length with the precision of ± 0.2 nm were employed. 
 
2.4.2 X-Ray Diffraction (XRD) Analysis  

The crystallographic features and phase clarity were 
investigated by X-ray diffraction studies using XRD 
PANalycital X’pert PRO at scanning rate of 8° min−1 
using monochromatic Cu-Kɑ radiation (λ=1.5418 Å, 
40 kV, 40 mA).  

Data were collected from 5 to 100° 2ϴ in steps of 
0.0167° at a scan speed of 0.023537° s-1. A 0.04 rad 
soller slit and a 2° anti-scatter slit were used on the 
incident side of the beam, while the diffracted beam 
optics consisted of a 0.04 rad soller slit, a 
programmable anti-scatter slit, and a nickel filter. 
Phase identification of crystalline components was 
carried out using the X’Pert HighScore Plus software 
package and the International Centre for Diffraction 
Data (ICDD) powder diffraction file (PDF) database. 

The synthesized samples were examined at 2θ from 
10° to 80°. Raman spectrum was collected with a 
Horiba Jobin Yvon-Labram HR UV-Visible NIR 
(200-1600 nm) Raman microscope spectrometer, 
using a laser with the wavelength of 512 nm. The 
Raman spectrum was collected from 10 scans at a 
resolution of 2 /cm. The zeta potential was measured 
with a SurPASS Electrokinetic Analyzer (Austria) 
with a clamping cell at 300 mbar. 
 
2.4.3 X-Ray Photo Spectroscopy (XPS) Analysis 

The valence state of the samples was investigated and 
was analysed using XPS (ESCALAB 250Xi, 
England). XPS used an Al Kα source and surface 
chemical composition and reduction state analyses 
was done, with the core levels recorded using a pass 
energy of 30 eV (resolution ≈ 0.10 eV). The peak 
fitting of the individual core-levels was done using 
XPS-peak 41 software, achieving better fitting and 
component identification. All binding energies were 
calibrated to the C 1s peak originating from C–H or 
C–C groups at 284.6 eV. 
 
2.4.4 Field Emission Scanning Electron Microscope 

(FESEM) Analysis  

Hitachi-SU8010 (15 kV) field emission electron 
microscopy FE-SEM was employed to analyse the 
surface morphology of the samples. 
 
2.4.5 Transmission Electron Microscopy (TEM) 

Analysis 

For morphological studies of both adsorbents, 
transmission electron microscopy (TEM-TECNAI 
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200 kV) was used. The samples for TEM were 
prepared by drop-casting the dispersed sample on 
carbon grid. Sample-coated carbon grid was air-dried 
before TEM analysis.  
 
2.4.6 Value Stream Mapping (VSM) Analysis  

To investigate the magnetic properties of adsorbents, 
magnetization was measured by varying the applied 
field on Lake Shore’s Vibrating Sample 
Magnetometer (VSM). In order to explain the 
magnetic property of Fe2O3–Dy2O3 nanocomposite, 
the magnetic hysteresis curve was measured at 25oC. 
The hysteresis loop exhibits ferromagnetic behaviour 
with saturation magnetization (Ms) of 2.59 emu/g. 
 
2.4.7 Energy Dispersive X-Ray (EDX) Analysis 

To investigate the morphological properties and 
structure of the synthesized catalyst and the 
composition of the elements present in the synthesized 
catalyst; elemental composition of synthesized 
adsorbents was investigated using BrookerXfash 
energy-dispersive X-ray spectrophotometer (EDX). 
 
2.4.8 Adsorption-Desorption Analysis 

Porosity of samples was analysed by N2 adsorption 
and desorption via employing adsorption analyser, 
BELSORP at 423oK for 15 h.  
 
2.4.9 Brunauer–Emmett–Teller (BET) Analysis 

The surface area was calculated using the multipoint 
Brunauer–Emmett–Teller (BET) method. 
 
2.4.10 Thermal Assessment with 

Thermogravimetric (TGA) Analysis 

On experimental samples, Fe2O3–Dy2O3 
nanocomposites were examined by TGA analysis 
performed using a Mettler TGA/SDTA 851e 
(Columbus, Ohio, OH, USA) instrument. 5 mg 
samples were heated from room temperature (25°C) to 
700°C in an N2(g) atmosphere at heating rates of 
10°C/min, 15 and 20°C/min. Then, TGA analysis was 
performed simultaneously. TGA was conducted on the 
samples to observe the mass loss with an increase in 
temperature, utilizing a ramping rate of 10o/min with 
N2(g) as the test environment. TGA was employed to 
quantify the energy absorbed or dissipated during the 
testing of the samples. Mettler Toledo Star Software 
was used for evaluating the data. The experiments 
were repeated three times and the average values of the 
parameters were taken to ensure the best fit and 
standard deviations. 
 

2.4.11 Diffuse Reflectance UV-vis Spectra (DRS) 

Analysis 

UV-vis Diffuse reflectance spectroscopy (UV-VIS 
DRS) of specimens was examined using a SHI-
MADZU spectrometer model UV-1240 (ranging from 
200–900 nm with BaSO4 as reference). The 100% 
reflectance standard was BaSO4 (Fisher Scientific, 
99.92%). The sample was ground and pressed on top 
of the reference that was preloaded in the sample cup. 
Reflectance data were converted to absorption by 
employing the Kubelka–Munk equation. 

According to the single-constant Kubelka–Munk 
theory, a non-linear function of reflectance of an 
opaque substrate is proportional to antibiotic 
concentration, if the surface reflectance is neglected. 
The Kubelka–Munk equation links a function of 
reflectance of an antibiotic substrate to the amount of 
nanocomposite present in the fiber, as shown in, [105], 
Eq. (3) and Eq. (4): 
 

𝑡𝐾𝑀 =  
(1−𝑟∞

2 )𝑒−ẋ

1−𝑟∞
2 𝑒−2ẋ (3) 

 
𝑟𝐾𝑀  =  

𝑟∞(1−𝑒−2ẋ)

1−𝑟∞
2 𝑒−2ẋ (4) 

 
Where, ẋ=σL, 𝜎 =  √𝐾(𝐾 + 𝑆)  and the subscript 

KM signifies that equations are valid under 
assumptions as introduces by Kubelka and Munk, 
[106]. The last equation can also be written as follows, 
Eq. (5): 
 
𝑟𝐾𝑀 =  𝑟∞[1 − 𝑡 exp(−ẋ)](5) 
 

The main shortcoming of Kubelka-Munk Theorem 
(KMT) is the fact that diffuse absorption (K) and 
scattering (S) coefficients have no rigorous 
electrodynamic meaning. Therefore, their calculation 
from first principles is hardly possible in Eq. (6): 
 
(

𝐾

𝑆
)

𝜆
=  

(1−𝑅∞.𝜆)2

2𝑥𝑅∞.𝜆
=  (

𝐾

𝑆
)

𝑠𝑢𝑏.𝜆
+  ∑ 𝐶𝑖𝛼𝑖.𝜆(6) 

 
Where, (𝐾

𝑆
) and (𝐾

𝑆
)

𝑠𝑢𝑏.
 show the Kubelka-Munk 

function of antibiotic and nanocomposite substrates, 
𝑅∞.𝜆 gives the reflectance of monochromatic incident 
light from an opaque material, 𝛼𝑖.𝜆 is the unit k/s value 
of antibiotic (slop of K/S versus concentration in the 
linear region) for a monochromatic radiant power on a 
given substrate and C shows the antibiotic 
concentration in the substrate, K and S indicate the 
coefficients of absorption and scattering of 
monochromatic light of an opaque substrate, 
respectively. 
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2.5 Analytical Procedures 
The organisms were measured according to Standard 
Methos, [107]. Chloramphenicol was measured in 
high-pressure liquid chromatography (HPLC). The 
concentrations of Chloramphenicol were performed 
using a HPLC (Agilent-1100). The samples were 
analyzed by HPLC with photodiode array and mass 
spectrometric detection (MSD) using an Agilent 1100 
HPLC system consisting of an automatic injector, a 
gradient pump, a Hewlett–Packard series 1100 
photodiode array detector. The chromatographic 
conditions for the determination of ibuprophene and 
oxytetracycline concentrations were as follows: C-18 
reverse phase HPLC column (Ace 5C18; 25-cm x 4.6-
mm, 5 μm, mobile phase: 50/50 (v/v) 
methanol/organic-free reagent water). The 
experimental results were detected with an Agilent 
series 1100 VL on-line atmospheric pressure 
ionization electrospray ionization mass spectrometer. 
The bacteria and viruses were analysed according to 
Standard Methods, [107].  
 
2.6 Resistance Mechanism of Chloramphenicol 
Chloramphenicol is a bacteriostatic agent, inhibiting 
protein synthesis. It prevents protein chain elongation 
by inhibiting the peptidyl transferase activity of the 
bacterial ribosome. It specifically binds to A2451 and 
A2452 residues, [108], in the 23S rRNA of the 50S 
ribosomal subunit, preventing peptide bond formation, 
[109]. Chloramphenicol directly interferes with 
substrate binding in the ribosome, as compared to 
macrolides, which sterically block the progression of 
the growing peptide, [110], [111], [112]. 

Three mechanisms of resistance to 
chloramphenicol are known: reduced membrane 
permeability, mutation of the 50S ribosomal subunit, 
and elaboration of chloramphenicol acetyltransferase. 
It is easy to select for reduced membrane permeability 
to chloramphenicol in vitro by serial passage of 
bacteria, and this is the most common mechanism of 
low-level chloramphenicol resistance. High-level 
resistance is conferred by the cat-gene; [113], this gene 
codes for an enzyme called chloramphenicol 
acetyltransferase, which inactivates chloramphenicol 
by covalently linking one or two acetyl groups, 
derived from acetyl-S-coenzyme A, to the hydroxyl 
groups on the chloramphenicol molecule. The 
acetylation prevents chloramphenicol from binding to 
the ribosome. Resistance-conferring mutations of the 
50S ribosomal subunit are rare, [113]. 

Chloramphenicol resistance may be carried on a 
plasmid that also codes for resistance to other drugs. 
One example is the ACCoT plasmid (A=ampicillin, 
C=chloramphenicol, Co=co-trimoxazole, 
T=tetracycline), which mediates multiple drug 

resistance in typhoid (also called R factors), [114]. As 
of 2014 some Enterococcus faecium and 
Pseudomonas aeruginosa strains are resistant to 
chloramphenicol. Some Veillonella spp. and 
Staphylococcus capitis strains have also developed 
resistance to chloramphenicol to varying degrees, 
[114]. Some other resistance genes beyond cat are 
known, such as chloramphenicol hydrolase, [115], and 
chloramphenicol phosphotransferase, [116]. 

Resistance to chloramphenicol occurs by various 
mechanisms. The most common is by enzymatic 
acetylation and inactivation by chloramphenicol 
acetyltransferases (CATs), [117]. Most CAT genes are 
located on mobile genetic elements, can be distributed 
to other bacteria, and often confer resistance to other 
classes of antimicrobial drugs, [118], [119]. The 
plasmid-mediated spread of these resistant genes was 
the cause of the global decrease in S. Typhi 
susceptibility, [120]. 

Other mechanisms of resistance occur by 
decreasing membrane permeability, which prevent 
uptake of chloramphenicol. Some gram-negative 
bacteria prevent drug penetration by a change in their 
outer membrane proteins, [121]. This was 
demonstrated to be plasmid mediated in P. Aeruginosa 
and chromosomally mediated in H. influenzae, [122], 
[123]. 

Transmembrane efflux pumps have also been 
shown to confer resistance to both gram-positive and 
gram-negative organisms, [124], [125]. Lastly, 
alteration of a 50S ribosomal subunit was found to 
reduce chloramphenicol binding in Bacillus subtilis, 
[126]. 
 
 
3 Results and Discussions  
 
3.1 XRD Analysis Results 
In the XRD pattern of synthesized c-FD (Figure 3), 
major peaks were observed at 2θ values 24°, 33°, 
35.6°, 49°, 54° and 64° correspond to (111), (121), 
(210), (212), (103) and (331), respectively. The peak 
at 2θ=35.6° may be due to α- or γ-phases but the 
relative intensities of other peaks observed strongly 
indicated that α-Fe2O3 is the dominant phase in the 
prepared nanocomposite. 
 

*Figure 3 can be found in the Appendix section. 
 

Peaks at 27.54, 33.75, 40.68, 48.6 and 56.89 
corresponding to (2111), (222), (134), (440) and (662), 
respectively, in XRD (Figure 3) clearly indexed the 
cubic phase of Dy2O3. The peak corresponding to 
40.68 usually occurs at 43.23 in the XRD of Dy2O3. 
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This shift may be due to the co-precipitation with α- 
Fe2O3 during the synthesis. The nanocomposite is thus 
a mixture of individual binary oxide phase co-existing 
in one material. 

In the XRD graphs, the absence of sharp peaks 
corresponding to Fe2O3 and Dy2O3 represents the 
coating of biomolecules on the surface of 
nanocomposite that indicates the amorphous nature of 
FD. Some unidentified peaks may be due to the 
formation of a Fe-rich layer at the surface. The XRD 
reveals the successful synthesis of the Fe2O3–Dy2O3 
nanocomposite using a greener route. 
 
3.2 XPS Analysis Results  
The ability of XPS to provide information about the 
elemental conformation, chemical environmental and 
oxidation state of the elements present in materials 
makes it an essential tool. The analysis of XPS survey 
(Fig. 4a) shows the binding energy corresponds to Dy 
3d, O 1s, Fe 2p, C 1s and Si 2p which depicts the 
chemical composition of FD nanocomposite. Si 2p 
(Figure 4a), Dy 3d (Figure 4b), Fe 2p (Figure 4c), C 1s 
(Figure 4d), and O 1s (Figure 4e) XPS patterns were 
determined. 

The XPS spectrum (Figure 4b) shows the 
characteristic peaks at 1296.7 and 1336.2 nm of Dy 3d 
shell which validates the existence of Dy3+ state. The 
Dy 3d is distinguished to have a double peak, 
specifically Dy 3d3/2 and Dy 3d5/2 at a BE of ca. 1297 
and 1336 eV due to spin–orbit splitting. 
 

*Figure 4 can be found in the Appendix section. 
 

Fig. 4: demonstrates the Fe 2p edge in which it 
consists of both Fe 2p3/2 and 2p1/2 peaks. The Fe 
2p3/2 peak is found to be associated with a satellite 
peak. The satellite peak of Fe 2p3/2 for Fe2O3 is 

sighted approximately at 8 eV greater than the main 
Fe 2p3/2 peak. The peak at 722.6 nm corresponds to 

2p1/2 (Figure 4c) 
In Figure 4, the peak position of Fe 2p3/2 has been 

examined by many researchers and the values are 
reported between 710.6 and 711. 2 nm. In Figure 4, O 
1s edge has been shown, peak at 530.8 nm indicates 
the oxygen present in Fe2O3 and Dy2O3 matrix. 
Similarly, the de-convoluted peaks of C 1s shown in 
Figure 4 reflect the distinct groups of biomolecules 
present in nanocomposite. The peak at the binding 
energy of 283.8 nm indicates the aromatic sp2 carbon 
skeleton and peak at 287.3 nm represents the C–O/C–
O–C carbon form. 
 
3.3 FESEM and TEM Analyses Results 
The shape and morphology of greener methodology 
assisted FD and c-FD nanocomposites were mapped 

by FESEM (Figure 5a and 5b) and TEM (Fig. 5c, 5d 
and 5e) analyses. The surface of the FD 
nanocomposite consists of irregular boundaries of 
different shapes (Fig. 5a). The calcination of the 
sample leads to the removal of extract forms the 
surface that results in a clear visualization of the shape 
of the nanocomposite. The c-FD has the rod-like 
shape, nanorod along with nanoparticles (Fig. 5b).  
 

*Figure 5 can be found in the Appendix section. 
 

Fig. 5: represents the TEM images of the FD and 
c-FD which depicts the formation of nanorods shaped 
FD in both the cases. The nano-rice formation can be 

seen at the edge (blue encircled) (Figure 5c) with 
other differently sized irregular shaped 

nanocomposites. After the calcination at 700oC for 1 
h, the shape becomes more prominent in calcined 

form due to the decomposition of organic moieties of 
clove extract at high temperatures (Figure 5d). The 
nano-rice can be visualized in c-FD with 55.6 nm 

width and 176 nm length (Figure 5e). Therefore, the 
clove extract-mediated synthesis leads to the 

formation of nanorod-shaped FD-nanocomposites 
 
3.4 VSM Analysis Results 
To get insight into the magnetic properties of 
synthesized samples, we compacted them into pellets 
that were then cut into suitable sizes. The hysteresis 
loops of FD and c-FD at room temperature are 
introduced in Figure 6. 
 

*Figure 6 can be found in the Appendix section. 
 

The curve validates the weak ferromagnetic 
behavior of the synthesized samples. The bio-
synthesized FD has less magnetization saturation 
value, maybe due to loss of water molecules and OH 
groups which affects the size and finally the magnetic 
behavior. The presence of hydroxyl groups is 
confirmed by FTIR also in FD. Thus, it is proposed 
that the water and hydroxyl groups on the surface 
result in spin pairing which influences the magnetic 
parameter. After the calcination, the magnetization 
saturation value increases. The reason can be the 
redistribution of cations in the octahedral and 
tetrahedral sites. 

Characteristic to hematite is the fact that its two 
magnetic sublattices have equal moment and 
antiparallel orientation below the Morin temperature, 
TM=262oK (- 11.15oC), for pure hematite, [126]. At 
temperatures higher than the Morin temperature, the 
two sublattices are slightly canted, leading to weak 
ferromagnetism. The magnetic ordering of the weak 
ferromagnetic type given by uncompensated magnetic 
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moments is present for a large range of temperatures 
for the sample milled for 12 h, such that the Morin 
transition takes place over a temperature range of 
256oK (- 17.15oC), while for the samples milled for 2 
h, 4 h and 8 h the Morin transition is below 70oK (- 
203.15oC). 

The zero-field-cooling-field cooling (ZFC-FC) 
curves recorded in the temperature interval 5-300oK (- 
268.15-26.85oC) with an applied magnetic field of 200 
Oe. These curves show the way in which the milling 
time influences the Morin temperature. The 0-h 
sample presents a hysteresis in temperature described 
by magnetization as an effect of heating and cooling 
of the  

sample. This hysteresis is associated with the 
Morin transition, which occurs in the temperature 
range of 152oK to 212oK (- 121.15oC to – 61.15oC) for 
the 0-h sample. After 2-h milling time, this hysteresis 
occurs at lower temperatures, between 5oK and 70oK 
(- 268.15oC and – 203.15oC). A similar behavior is 
shown by the 4-h milled sample, for which the Morin 
transition takes place between 6oK and 60oK (- 
267.15oC and – 213.15oC). After 8 h of milling time, 
the Morin transition occurs between 7oK and 52oK (- 
266.15oC and – 221.15oC), while after 12 h of milling, 
the Morin transition takes place over a much larger 
temperature range, between 24oK and 280oK (- 
249.15oC and 6.85oC). This behavior is likely due to a 
change in spin reorientation in Dy/α-Fe2O3 and 
Fe/Dy2O3. 

It may also be noted that the values of 
magnetization are small, as there are not many 
uncompensated magnetic moments and the 
antiferromagnetic ordering prevails. The 
magnetization increases with milling time and this is 
supported by the ZFC-FC as well as hysteresis loop 
measurements. 
 
3.5 EDX Analysis Results 
The EDX analysis was applied for FD and c-FD 
nanocomposites (Figure 7). EDX analysis results of 
FD nanocomposites (Figure 7a) and c-FD (Figure 7b) 
nanocomposites were determined with elemental 
compositions.  
 

*Figure 7 can be found in the Appendix section. 
 
3.6 BET Isotherm Analysis Results 
The nitrogen adsorption and desorption isotherms in 
the  

presence of liquid nitrogen has been illustrated in 
Figure 8. The isotherms of synthesized samples were 
assigned to Type IV isotherm indicating the 
characteristics of mesoporous material. The results 
demonstrated that the c-FD (112 m2/g) (Figure 8b) is 

more porous than FD (41 m2/g) (Figure 8a); this can 
be due to the elimination of organic matter form the 
surface. Calcination results in an increase in the 
number of pores that lead to an increase in the specific 
surface area. Both the samples were evaluated for the 
adsorption of Chloramphenicol from water. 
 

*Figure 8 can be found in the Appendix section. 
 
 
3.7 TGA Analysis Results 
TGA was done to investigate the thermal behavior of 
the synthesized samples (Figure 9). The mass loss 
occurs in three steps: a weight loss of 14.39% in the 
first step around 100°C because of the evaporation of 
physiosorbed water and other volatile components on 
the surface of FD. The second step around 200°C 
results from the decomposition of the capping agents 
and biomolecule present on the FD surface (Figure 9). 
 

*Figure 9 can be found in the Appendix section. 
 

The last step weight loss (29.43%) is due to 
adsorbed oxygen species. After calcination at 700°C, 
it shows a gradual weight loss upon heating up to 
800°C indicating the conversion of unwanted phases 
like FeO to Fe2O3. 
 
3.8 Optical DRS Analysis Results 
In order to characterize the optical property changes 
induced by mechanochemical activation in the 
dysprosium oxide-hematite system, optical diffuse 
reflectance spectroscopy (ODRS) measurements were 
also undertaken in the present study. Figure 10 shows 
the optical absorption spectra of the dysprosium oxide-
hematite equimolar mixture as a function of energy 
over the UV-VIS-NIR spectral range for all milling 
times employed.  
 

*Figure 10 can be found in the Appendix section. 
 

For the starting material, hematite has a band gap 
of 1.9-2.2 eV in the visible region, while the 
dysprosium oxide exhibits absorption bands primarily 
in the UV region, with characteristic peaks around 
3.35 and 3.49 eV, corresponding to transitions from 
the ground state to various excited states, [127]. For 
the ball-milled material, it can be seen that absorbance 
is considerably enhanced and broadened, an effect we 
believe to result from the substitution of Dy ions for 
Fe.  

According to Tauc plots, the dependence of (E)2 
as a function of energy (eV) is able to yield the band 
gap of the compound, [128], [129]. The exponent of 2 
was chosen because the 2.2 eV transition in hematite 
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is indirect. Indeed, it can be observed in Figure 10 that 
the intercepts give a value of ~ 2.1 eV for the band gap. 
This value is independent of the milling time 
employed. Indeed, it can be seen in this figure that 
there is no absorption below 2.1 eV for all milling 
times, while above the band gap there is a broad 
absorption that depends on the milling time employed. 
These results show that the dysprosium oxide-
hematite mixed-oxide nanostructures have 
semiconductor properties. ODRS analysis results for 
FD and c-FD were summarized in Table 1. 

 
*Table 1 can be found in the Appendix section. 

 
3.9 Adsorption Studies of Chloram on FD and 

c-FD Nanocomposites 
Adsorption of Chloram onto FD and c-FD 
nanocomposites at varying operational factors, i.e. the 
effect of time on adsorption (Figure 11a), ionic 
strength (Figure 11b), adsorbent dosage (Figure 11c), 
initial concentration of Chloram (Figure 11d) were 
researched:  
 

*Figure 11 can be found in the Appendix section. 
 
As the time was increased from 5 min up to 20 and 

30 min the Chloram yields increased from 89% and 
85% to 99% and 96% at FD and c- FD 
nanocomposites, respectively (Figure 11a). The 
maximum Chloram removals were detected as 99% 
and 96% after 15 min contacting time for FD and c-
FD nanocomposites, respectively. Thereafter, no 
significant enhancement in Chloram removal was 
observed. The Chloram yields decreased to 95% and 
90% after 40 min contacting time FD and c-FD 
nanocomposites, respectively. Initially, rapid removal 
of Chloram was due to the presence of an adequate 
number of available vacant sites and after that it slows 
down because of competition among the Chloram 
molecules for the available binding sites and finally 
equilibrium is attained. At higher Chloram 
concentrations, the number of adsorption sites will be 
decreased and the yields therefore decreased, [130], 
[131]. 

The adsorptive performance of synthesized 
adsorbents was investigated at different initial 
Chloram concentrations of 0.001 mg/l, 0.01, 0.1, 1.0, 
2.0, 3.0, 30, 40, 60 and 70 mg/l at pH=7.0 with a 
contact time of 15 min and adsorbent dose of 2.0 mg/l 
at room temperature.  

The results indicated that adsorptive removal of 
Chloram yields were 99% and 96% as the Chloram 
concentration was increased from 0.001 mg/l, 0.01, 
0.1, 1.0, 2.0, 3,0, 30 and 40 mg/l (Fig. 11b). Further 
increase of Chloram concentrations to 50 and 60 mg/l 

resulted with decreases of it’s yields to 90% and 85% 
for FD and c-FD nanocomposites (Figure 11b).  

The Chloram concentrations were chosen 
according to simulate the surface water (0.001 mg/l, 
0.01, 0.1, 1.0 mg/l) and pharmaceutical wastewater 
(15, 20, 30, 40, 60 and 70 mg/l). Higher removal 
percentage is due to amplified number of Chloram 
molecules for the adsorption. But if the initial 
concentration of Chloram is increased after 40 mg/l, 
the removal efficiency decreases because at higher 
Chloram concentration, the number of adsorption sites 
will be less.  The maximum Chloram removal 
efficiencies were found to be as 99% and 96% with 2 
mg/l FD and c-FD nanocomposite concentration after 
15 min adsorption time.  

The removal efficiency strongly depends upon the 
adsorbent dose in the adsorption process as it decides 
the removal efficiency of the adsorbent for the fixed 
initial concentration of Chloram. In the adsorption of 
Chloram onto the surface of both synthesized 
adsorbents, the adsorbent dose was varied from 0.5 
mg/l to 3.0 mg/l at fixed Chloram concentration of 40 
mg/l. The maximum Chloram removal efficiencies of 
99% and 94 % was detected for 2.0 mg/l FD and c-FD 
nanocomposites concentrations, respectively (Figure 
11c). The studies showed that the adsorption 
efficiency of Chloram antibiotic increases upon 
increasing the adsorbent dose from 0.5 to up to 2.0 
mg/l. This rise in removal efficacy is because several 
adsorption sites for the adsorption are available due to 
larger number of adsorption sites leading to greater 
contact between surface of the adsorbent and Chloram 
molecules. But when the adsorbent dose was raised to 
3 mg/l, the adsorption efficiency of Chloram antibiotic 
reduced to 95% and 90% for FD and c-FD 
nanocomposites, respectively. This slightly decrease 
in adsorption yields is due to partial aggregation of 
nano-adsorbents in the solution at high nanocomposite 
concentration, [130].  

Therefore, 2.0 mg/l Fe2O3–Dy2O3 nanocomposite 
concentration was selected as the optimum dose for 
the Chloram adsorption process. From the 
investigation, FD was found to possess better 
adsorption efficiency towards Chloram as compared to 
c-FD owing to the greater amount of active adsorption 
sites appear on the surface of FD resulted from the 
coating of clove extract. Although, c-FD have slightly 
lower adsorption efficiency it’s advantage is the 
magnetic separation over biosynthesized FD. Further, 
the adsorptive performance of synthesized adsorbents 
was investigated at elevated Fe2O3–Dy2O3 
nanocomposites concentrations. The Chloram 
adsorption yields decreased at 3 .0 mg/l 
nanocomposite concentration to 95% and 90% at FD 
and c-FD nanocomposites (Figure 11c). The higher 
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removal percentage of Chloram antibiotic at optimized 
nanocomposite concentration is due to amplified 
number of Chloram molecules for the adsorption. 

The impact of ionic strength of NaHCO3 ions on 
Chloram adsorption process onto FD and c-FD was 
tested by varying of   ion concentrations from 0.01M 
up to 1.7 M. In this study, an increase in adsorption 
efficiency was observed upon increasing the ionic 
strength from 0.01 to 0.1 M. As the ionic strength was 
increasing from 0.01 M up to 1.2 M the adsorption 
efficiencies of Chloram antibiotic increased from 90% 
and 82% up to 99% and 87%, respectively for FD and 
c-FD nanocomposites (Figure 11d). This observation 
may be explained on the basis that the NaHCO3 
increases the osmotic pressure of Chloram solution 
promoting transfer of Chloram into adsorbent pores, 
thus increasing the adsorption until an ionic stretch 
concentration of 1.4 M. The adsorption phenomenon 
is affected by ionic strength through electrostatic 
forces of interaction between adsorbent and adsorbate 
ions. These electrostatic interactions have been found 
to be attractive; therefore, an upturn in ionic strength 
results in multiplied adsorption, [132]. In this study, an 
increase in adsorption efficiency was observed upon 
increasing the ionic strength from 0.01 to 0.1 M.  
 
3.10 Adsorption Kinetics 
In an adsorption procedure, it is very crucial to 
investigate the solute uptake rate and time required to 
attain the equilibrium at the different initial 
concentrations of Chloram. To probe, the adsorption 
kinetics of Chloram on the surface of both FD and c-
FD nanocomposites, five separate kinetic models, i.e. 
pseudo-first-order, pseudo second-order kinetic, 
intraparticle diffusion, Langmuir and Freundlich 
adsorption models were employed. Each kinetic model 
was investigated at distinct primary concentrations of 
adsorbate and different temperatures, respectively.  

In pseudo first order reaction kinetic, log (qe-qt) is 
plotted against t and values of k1 from which qe are 
determined through slope and intercept of regression 
line, respectively. In pseudo second order, the values 
of k2 and qe are determined from the linear plot of t/qt 

vs t.  
The linear plots for the second-order kinetics also 

demonstrated lower R2 and k2 rate constants than first-
order kinetics at all at initial concentrations of 
Chloram.  

Intra-particle diffusion model explains the 
diffusion of adsorbate molecules into the adsorbent 
mainly controls the diffusion process. The solute 
transfer to the solid occurs in various steps. The initial 
step involves diffusion of Chloram onto the adsorbent 
via the liquid film around the adsorbent particles 
followed by diffusion via pores into internal 

adsorption sites. Initially, high concentration gradient 
between the liquid film and the solid surface leads to 
faster transfer of solute on the solid surface. Therefore, 
intra-particle diffusion varies with the square root of 
time. The intraparticle diffusion rate constant (Kid) 
was obtained from the linear plot of qt vs t1/2. The 
larger value of kid reveals the higher rate of adsorption 
and the intercept C (mg/g) depicts the boundary layer 
thickness, i.e. the higher is the value of intercept, 
larger will be the boundary effect. 

The concentration of solute in the solution and 
surface area available on the adsorbent is the main 
driving force for the adsorption. Langmuir adsorption 
isotherm, [133], is expressed as Eq. (7): 
 
𝐶𝑒

𝑞𝑒
=  

1

𝑄0𝑏
+ 

𝐶𝑒

𝑄0
(7) 

 
where qe is the quantity of Chloram molecules 

adsorbed per unit mass of adsorbent (mg/g), Qo is 
maximum adsorption amount of adsorbent (mg/g), Ce 
is the equilibrium concentration of Chloram (mg/l), b 
is Langmuir constant which measures the energy of 
adsorption (l/mg). 

 
Based on Eq. (7), the linearity of experimental data 

can be fitted into the plot of Ce/qe vs Ce. The high value 
of regression constant R2 reflects the monolayer 
adsorption. Further, Langmuir constant b and Qo can 
be obtained from the slope and intercept of linear 
equations. Further, the Langmuir equation can be 
analyzed based on a dimensionless equilibrium 
parameter, RL, i.e. separation factor given, [134], by 
Eq. (8): 
 
𝑅𝐿 =  

1

1+𝑏𝐶0
(8) 

 
Where, C0 is the initial solute concentration (mg/l) 

and b is the Langmuir constant which signifies the type 
of adsorption. The value of RL reveals the spontaneity 
of adsorption process. For irreversible adsorption, 
RL=0 and if 0 < RL < 1 adsorption is favorable, linear 
adsorption RL=1 and for unfavorable adsorption RL > 
1. Here, RL factor for the adsorption of Chloram onto 
the surface of adsorbents FD and c-FD obtained in the 
study is in range of 0 < RL < 1. 

Freundlich adsorption isotherm is centered on 
multilayer adsorption of solute particles on the 
heterogeneous adsorbent surface. It assumes that the 
number of adsorbate molecules enhances considerably 
with an escalation in concentration. Freundlich 
isotherm can be represented, [135], by Eq. (9): 
 
log 𝑞𝑒 =  log 𝐾𝑓 +  

1

𝑛
𝑙𝑜𝑔𝐶𝑒(9) 
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Where, qe is the amount of Chloram molecules 

adsorbed per unit mass of adsorbent (mg/g), Kf is 
Freundlich which measures adsorption capacity, Ce is 
an equilibrium concentration of Chloram (mg/l).  

The kinetic constants for all investigated isotherm 
parameters are reviewed in Tables 2 and Table 3. The 
lower values of regression and kinetic constants for 
pseudo first and second order kinetics indicated that 
the adsorption process was not suitable kinetic to 
define the Chloram adsorption on FD and c-FD 
nanocomposites. This suggests the chemisorption as a 
rate-determining step for Chloram adsorption onto the 
surface of FD and c-FD nanocomposites. (Tables 2 
and 3) This indicates the poor race for the adsorption 
surface sites in pseudo first and second order reaction 
kinetics. 
 

*Table 2 can be found in the Appendix section. 
 

*Table 3 can be found in the Appendix section. 
 

From Tables 2 and Table 3 it was found that the 
Langmuir and Freundlish kinetic constants and R2 
values were lower and the Chloram adsorption cannot 
be defined with these two kinetics. 

As a result, the pseudo-first- and second-order 
kinetic models cannot identify the liquid adsorption 
system precisely as these do not explain the diffusion 
of solute into the adsorbent. Therefore, there is a need 
to study the diffusion model, i.e. intra-particle 
diffusion model to explain adsorption process. If the 
line of linear plot passes through the origin, the 
adsorption procedure is dominated by intra-particle 
diffusion. The linear plot of qt vs t½ does follow the 
trend representing multiple linear sections indicating 
that adsorption of Chloram on FD and c-FD 
nanocomposites was affected by more than one 
process along with intra-particle diffusion. The 
thermodynamic parameters such as standard enthalpy 
change (ΔH°, kJ/mol), standard entropy change (ΔS°, 
kJ/mol.oK) and standard Gibbs free energy (ΔG°, 
kJ/mol), can be calculated and the parameters was 
illustrated in Table 4. During Chloram adsorption an 
exothermic reaction was occurred. 
 

*Table 4 can be found in the Appendix section. 
 
Each section on linearity plot corresponds to 

different mechanism, i.e. first section represents the 
external diffusion process involving mass transfer of 
adsorbate molecules to adsorbent this process that 
most of Chloram get adsorbed on the external surface 
of the adsorbent. The second section is film diffusion 
involving slow diffusion of adsorbate molecules from 

the boundary layer to adsorbent surface. The third 
linearity section involves the movement of adsorbate 
molecules from the surface into the pores of adsorbent. 
As shown in Tables 2 and Table 3 the Chloram 
antibiotic adsorption on FD and c-FD can be explained 
with intraparticle diffusion kinetic with high 
intraparticle diffusion rate constant (Kid) values of 
0.982 and 1.98 from 0.0001 mg/l Chloram up to 40 
mg/l, respectively with low boundary layer thickness 
C (0.08 mg/g) with high R2 values of 0.999.  
 
3.11 Removal Efficiency of Microorganisms 
The removal efficiencies of all microorganisms from 
the surface water with 2 mg/l Fe2O3–Dy2O3 
nanocomposites after15 min were summarized in 
Table 5.  
 

*Table 5 can be found in the Appendix section. 
 

The maximum 99% removal efficiency was 
measured for E. Coli microorganisms in surface. The 
removal efficiencies of microorganisms from surface 
waters using Fe2O3–Dy2O3 nanocomposites are ranked 
as follows: E. coli > Pseudomonas > Enteric viruses > 
Salmonella, respectively. 

The removal mechanisms of the aforementioned 
microorganisms can be speculated as follows: 

Chloramphenicol exerts a bacteriostatic (growth-
inhibiting) effect by binding to the 50S subunit of 
bacterial ribosomes and inhibiting protein synthesis, 
while the effect of Fe2O3-Dy2O3 nanocomposites is 
generally a combination of physical and chemical 
mechanisms, [111], [119].To understand whether the 
Fe2O3-Dy2O3 nanocomposite acts solely as an 
adsorbent (surface-holding agent) or creates a 
physiological stress similar to chloramphenicol, the 
following key differences must be considered, [115]: 

Physiological stress mechanisms (Bactericidal 
effect): Fe2O3-Dy2O3 nanocomposites not only remove 
bacteria from the environment through mass transfer, 
but can also actively trigger the following stress 
factors; (a) Oxidative stress (ROS): Metal-based 
nanocomposites (e.g., Ag, ZnO, CuO) cause persistent 
damage to DNA, proteins, and lipids by generating 
ROS within cells. This is a multifaceted attack, in 
contrast to the specific ribosomal target of 
chloramphenicol. (b) Membrane Disruption: The 
sharp edges of nanoparticles (especially graphene 
derivatives) can physically tear the bacterial cell wall 
or disrupt membrane permeability through 
electrostatic interactions, leading to cytoplasmic 
leakage. (c) Ion Release: The release of metal ions 
(such as Ag⁺ , Zn²⁺ ) from the Fe2O3-Dy2O3 
nanocomposite structure blocks the cell's respiratory 
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chain and enzyme functions, leading to metabolic 
collapse, [115]. 

Adsorption and physical removal: If the Fe2O3-
Dy2O3 nanocomposite works only through adsorption, 
bacteria can survive but are transferred from the liquid 
phase to the solid surface; (a) Bacterial wrapping: 
Especially in composites containing chitosan or 
graphene oxide, the material can physically trap 
bacteria, interrupting nutrient exchange. This is an 
isolation effect rather than a biochemical intervention. 
(b) Surface adhesion: The high surface area of Fe2O3-
Dy2O3 nanocomposites promotes bacterial adhesion to 
the surface, separating them from the suspension, 
[115].  

The following methods can be used to verify the 
effect of the Fe2O3-Dy2O3 nanocomposite, [120]: 

Viability analysis: If only adsorption is present, 
bacteria attached to the surface can multiply again 
when transferred to a suitable culture medium. In cases 
of physiological stress, however, cell death occurs. 

Stress markers: Changes in intracellular ROS 
levels, lipid peroxidation (MDA), or antioxidant 
enzyme (SOD, CAT) activities are evidence of true 
physiological stress.  

Morphological Examination (SEM/TEM): 
Electron microscopy images clearly reveal whether 
the bacteria are merely adhered to the Fe2O3-Dy2O3 
nanocomposite or whether their cell wall has been 
broken down, [120]. 

Based on the assumptions given above the 
microorganism deaths can be attributed the points 
given below: after adsorption all the microorganisms 
were cultivated however no alive organisms were 
detected. Fe2O3-Dy2O3 nanocomposites cause 
persistent damage to DNA, proteins, and lipids by 
generating ROS within cells. The OH- ion 
measurements exhibited high OH radical levels (data 
not shown). SEM and TEM analysis results showed 
that all microorganisms cell wall has been broken 
down. At high Chloram (40 mg/l) and low Chloram 
concentrations (0.001 mg/l) also all the microorganism 
deaths cannot be attributed to Chloram antibiotic since 
in the simulated water containing no Chloram 
antibiotic all the microorganism were death, [136]. It 
is important to note that the Chloram can be ionized at 
the surface of Fe2O3-Dy2O3 nanocomposites, and these 
charges were stabilized by hydroxyl groups. Chloram 
is a cationic antibiotic, it can be separated from the 
Fe2O3-Dy2O3 nanocomposites. These adsorbent ions 
can be interacted with the OH groups on it’s surface 
through electrostatic interaction ending with cell 
deaths. 

On the other hand, it is important to note that the 
dominant mechanism for the synthesized Fe2O3-Dy2O3 
nanocomposites is surface complexation via 

electrostatic interactions between cationic Chloram 
and negatively charged Fe2O3-Dy2O3 nanocomposites, 
as confirmed by zeta potential measurements (data not 
shown). The Chloram molecules ionized at the 
adsorbent surface, and these charges were stabilized 
by hydroxyl groups (OH-), which aided the adsorption 
process. Since Chloram is a cationic antibiotic, it 
separates into Fe2O3-Dy2O3 nanocomposites and Cl-

ions in an aqueous solution. The Fe2O3-Dy2O3 
nanocomposites ion interacts with the OH groups on 
the surface of Fe2O3-Dy2O3 nanocomposites through 
electrostatic interaction. 
 
3.12 Recyclability of FD and c-FD Nano-

absorbents 
In this study, ethanol was employed for the 
regeneration  

of nano-adsorbents after the treatment. It was 
noticed that only partially held Chloram could be 
released from nano-adsorbent surface, the addition of 
ammonia to methanol favored desorption of Chloram 
from the applied nano-adsorbents. The operational 
stability of both nano-adsorbents was revealed by 
evaluating the Chloram (40 ppm) adsorption after 70 
cycle runs. Until 70 cycles the Chloram yields were 
99% and 96% at FD and c-FD nanocomposites, 
respectively (Table 5).  
 

*Table 5 can be found in the Appendix section. 
 

After 60 cycles the Chloram yields decreased to 
88% and 80%. This demonstrates excellent stability 
and reusability of the nano-adsorbents towards 
Chloram removal. The removal efficiency of the c-FD 
was relatively less decreased than the FD due to the 
robustness of the calcined sample than the 
biosynthesized sample. The c-FD can be retrieved 
efficiently, can be put into cycle use, and may become 
a promising adsorbent in environmental applications. 
 
 
4 Conclusions 
Fe2O3–Dy2O3 nanocomposite was successfully 
synthesized and calcination of Fe2O3–Dy2O3 
nanocomposite at 700°C led to magnetic core of 
nanocomposite. The synthesized nanocomposites 
were utilized efficiently as adsorbents for the 
eradication of the antibiotic namely Chloram from 
aqueous medium at neutral pH (pH=7.0). XRD 
patterns support the formation of Fe2O3–Dy2O3 
nanocomposite and dysprosium orthoferrite at long 
milling times. The synthesized nanocomposites 
exhibit nanorod-shaped morphology as revealed by 
FESEM analysis. XPS assessment showed the 
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composition of synthesized Fe2O3–Dy2O3 
nanocomposites. 

At optimum condition, adsorption performance of 
biosynthesized nanocomposite than calcined nano-
absorbent.  

The detailed kinetic and isotherm modelling 
showed that the Chloram antibiotic adsorption did not 
match with the pseudo-second-order and the 
monolayer pseudo first order adsorption kinetics on 
the surface of FD and c-FD nanocomposites 
respectively. With Langmuir and Freundlich 
adsorption kinetic constants also the Chloram 
adsorption cannot be defined due to low kinetic 
constants with low regression coefficients. The 
removal of Chloram antibiotic in FD and c-FD 
nanocomposites can be explained with intraparticle 
diffusion kinetic with high intraparticle diffusion rate 
constant (Kid) values of 0.982 and 1.98 for 0.001 mg/l 
Chloram up to 40 mg/l, respectively in both 
nanocomposites, respectively, with low boundary 
layer thickness C (0.08 mg/g) values and with high R2 

values of 0.999.  
The maximum removal percentage of Chloram was 

found to be 99% for FD and 96% for c-FD 
nanocomposites at an adsorbent dose of 2 mg/l within 
15 min for 40 ppm initial concentration of Chloram at 
an ionic strength of 1.2 M. The effect of FD and c-FD 
nanocomposites on the removals of bacterial strains 
(E. coli, Pseudomonas and Salmonella and viruses 
(Enteric viruses) were found to be high. The removal 
efficiencies of microorganisms from surface waters 
using Fe2O3–Dy2O3 nanocomposites are ranked as 
follows: E. coli > Pseudomonas > Enteric viruses > 
Salmonella, respectively.  

The recyclability of the aforementioned 
nanoadsorbents showed excellent cycling stability and 
reuse properties. The operational stability of both 
nano-adsorbents was revealed by evaluating the 
Chloram (40 ppm) adsorption after 60 cycle runs. 
Until 50 cycles the Chloram yields were 99% and 96% 
at 2 mg/l FD and c-FD nanocomposites, respectively 
during 15 min. After 60 cycles the Chloram yields 
slightly decreased to 88% and 80%. This is very 
advanantageous for further application of FD 
nanocomposite in industrial water purification and 
treatment. 
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APPENDIX 

 
 

 
 

Fig. 1: Structure of chloramphenicol (MW=323.13 g/mol) 
 
 
 
 
 

  
(a) (b) 

Fig. 2: FESEM images of (a) FD nanocomposites, (b) c-FD nanocomposites, respectively 
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Fig. 3: XRD pattern of hematite dysprosium oxide (Fe2O3–Dy2O3) nanocomposites 
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(a) (b) 

 
 

(c) (d) 

 

 

(e)  

 
Fig. 4: XPS patterns of (a) Si 2p, (b) Dy 3d, (c) Fe 2p, (d) C 1s, and (e) O 1s, respectively 
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(a) 

 
(b) 

 
Fig. 5: FESEM images of (a) the surface of the FD nanocomposite consists of irregular boundaries of different 

shapes, (b) the c-FD nanocomposite has the rod-like shape, nanorod along with nanoparticles, respectively. 
(FESEM images size: 100 nm) 
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(c) 

 
(d) 

 
(e) 

 
Fig. 5: TEM images of (c) the nano-rice formation can be seen at the edge (blue encircled), (d) after the 

calcination at 700oC for 1 h, the shape becomes more prominent in calcined form due to the decomposition of 
organic moieties of clove extract at high temperatures, and (e) the nano-rice can be visualized in c-FD with 55.6 

nm width and 176 nm length, respectively. (TEM images size: 100 nm) 
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Fig. 6: The magnetic properties of synthesized samples, the hysteresis loops of FD (red line) and c-FD (black 
line) at room temperature are observed in VSM 
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(a) 

 
(b) 

 
Fig. 7: EDX patterns of (a) FD nanocomposite and (b) c-FD nanocomposite, respectively 
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Fig. 8: The nitrogen adsorption and desorption isotherms in the presence of liquid nitrogen has been illustrated 

in BET for (a) FD nanocomposite, and (b) c-FD nanocomposite, respectively 
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Fig. 9: TGA analysis results of FD (red line) and c-FD (black line) nanocomposites, respectively 
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(a) 

 
(b) 

 
Fig. 10: ODRS spectra of (a) 0.1 M Fe2O3-Dy2O3 nanocomposites and (b) 0.5 M Fe2O3-Dy2O3 

nanocomposites of 0 h, 2 h, 4 h, 8 h and 12 h, respectively 
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Table 1. ODRS analysis results for Fe2O3, Dy2O3, FD and c-FD nanocomposites 
Time 

(hours) 
Fe2O3 
Band gap Energy (Eg) 

(eV) 

Dy2O3 
Band gap Energy (Eg) 

/eV) 

FD 
Band gap Energy (Eg) 

(eV) 

c-FD 
Band gap Energy (Eg) 

(eV) 
0 1.9 3.35 3.40 3.50 
2 2.0 3.40 3.42 3.60 
4 2.1 3.44 3.51 3.65 
8 2.1 3.47 3.54 3.67 
12 2.2 3.49 3.60 3.69 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
(a) (b) 
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(c) (d) 

 
Fig. 11: (a) Variation of Chloram yields versus time and nanocomposite types, (b) Variation of Chloram yields 

versus Chloram antibiotic concentration and nanocomposite types, (c) Variation of Chloram yields versus 
Fe2O3–Dy2O3 and c-synthesized Fe2O3–Dy2O3 nanocomposite concentrations and nanocomposite types, and 

(d) Variation of Chloram yields versus increasing ionic strength concentrations, respectively 
 
Table 2. Kinetic parameters at different Chloram concentrations for the adsorption of Chloram on the surface of 

FD 
 

Initial 

chlor

am 

conc. 

(mg/l) 

Pseudo 1st order Pseudo 2nd order Intraparticle 

diffusion 

Langmuir 

adsorption 

isotherm 

Freundlich 

adsorption isotherm 

K1  

(mi

n-1) 

qe  

(mg/

g) 

R2 K2  

(mi

n-1) 

qe  

(mg/

g) 

R2 Kid c  

(mg/

g) 

R2 qmax 

(mg/

g) 

KL 

(l/m

g) 

R2 KF 

(mg/g)(l/m

g)1/n 

1/

n 

R2 

0.001        0.9
82 

0.00
3 

0.9
99 

3.10 0.04
8 

0.7
80 

0.037 0.
1 

0.6
94 

0.01 0.0
55 

2.58 0.7
02 

0.0
21 

1.94 0.7
87 

0.9
98 

0.00
4 

0.9
94 

3.12 0.05
1 

0.7
97 

0.042 0.
1 

0.6
97 

1 0.0
55 

2.58 0.7
03 

0.0
19 

1.92 0.7
89 

1.0
2 

0.00
5 

0.9
36 

3.14 0.05
2 

0.7
96 

0.043 0.
2 

0.6
93 

10 0.0
48 

2.07 0.7
90 

0.0
15 

1.69 0.7
93 

1.2
4 

0.00
6 

0.9
94 

3.15 0.05
2 

0.7
98 

0.044 0.
3 

0.5
94 

20 0.0
41 

2.94 0.7
22 

0.0
22 

1.02 0.7
99 

1.8
7 

0.00
7 

0.9
60 

3.17 0.05
4 

0.7
94 

0.044 0.
3 

0.6
86 

30 0.0
37 

2.34 0.7
68 

0.0
18 

1.45 0.7
99 

1.9
9 

0.08 0.9
38 

3.19 0.05
6 

0.7
95 

0.047 0.
4 

0.5
98 

40 0.0
35 

2.41 0.8
75 

0.0
17 

1.19 0.7
74 

2.0
1 

0.09 0.9
85 

3.11 0.04
7 

0.7
61 

0.049 0.
5 

0.6
72 

50 0.0
34 

2.57 0.8
81 

0.0
16 

1.27 0.7
41 

2.2
2 

0.09
9 

0.9
91 

3.06 0.03
8 

0.7
94 

0.052 0.
7 

0.5
98 
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Table 3. Kinetic parameters at different Chloram concentrations and temperatures for the adsorption of 

Chloram on the surface of c-FD  
 

Initial 

chlor

am 

conc. 

(mg/l) 

Pseudo 1st order Pseudo 2nd order Intraparticle 

diffusion 

Langmuir 

adsorption 

isotherm 

Freundlich 

adsorption isotherm 

K1  

(mi

n-1) 

qe  

(mg/

g) 

R2 K2  

(mi

n-1) 

qe  

(mg/

g) 

R2 Kid c  

(mg/

g) 

R2 qmax 

(mg/

g) 

KL 

(l/m

g) 

R2 KF 

(mg/g)(l/m

g)1/n 

1/

n 

R2 

0.001        0.9
84 

0.00
4 

0.9
99 

3.12 0.04
9 

0.7
87 

0.039 0.
2 

0.6
95 

0.01 0.0
57 

2.59 0.7
04 

0.0
22 

1.96 0.7
88 

0.9
98 

0.00
5 

0.9
97 

3.15 0.05
4 

0.7
98 

0.043 0.
2 

0.6
98 

1 0.0
58 

2.60 0.7
06 

0.0
21 

1.93 0.7
90 

1.0
3 

0.00
6 

0.9
65 

3.17 0.05
3 

0.7
99 

0.045 0.
3 

0.6
94 

10 0.0
49 

2.09 0.7
92 

0.0
17 

1.72 0.7
95 

1.2
7 

0.00
7 

0.9
97 

3.18 0.05
5 

0.7
99 

0.045 0.
4 

0.5
96 

20 0.0
44 

2.97 0.7
27 

0.0
25 

1.32 0.7
99 

1.8
8 

0.00
8 

0.9
63 

3.19 0.05
7 

0.7
95 

0.047 0.
5 

0.6
87 

30 0.0
39 

2.36 0.7
70 

0.0
19 

1.48 0.7
97 

1.9
9 

0.09 0.9
41 

3.20 0.05
9 

0.7
98 

0.048 0.
5 

0.5
98 

40 0.0
38 

2.43 0.8
77 

0.0
18 

1.22 0.7
76 

2.0
3 

0.10 0.9
87 

3.14 0.04
5 

0.7
67 

0.050 0.
6 

0.6
74 

50 0.0
37 

2.59 0.8
84 

0.0
19 

1.30 0.7
45 

2.2
7 

0.11 0.9
95 

3.09 0.03
9 

0.7
98 

0.054 0.
8 

0.5
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Adsorbent Temperature (oK) ΔGo (kJ/mol) ΔHo (kJ/mol) ΔSo (kJ/mol.K) 

c-FD 298.15 - 2.7680 - 39.553 - 0.0123 
 308.15 - 0.1650   
 318.15 - 0.0419   

 
FD 298.15 - 0.3318 - 5.368 - 0.0169 
 308.15 - 0.1628   
 318.15 - 0.0062   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Table 5. The removal efficiency of microorganisms from surface water at high and low Chloram concentrations 

with 2 mg/l Fe2O3–Dy2O3 nanocomposites (FD) after 15 min contacting time 
Microorganisms İnitial Concentrations  
E. coli 20.000 cfu/ml 
Pseudomonas 27.000 cfu/ml 
Salmonella  12.000 cfu/ml 
Enteric viruses 7650 cell/ml 
Chloram 

Concentrations 

(mg/l) 

E. coli (removal 

efficiency, %) 
Pseudomonas 
(removal efficiency, 

%) 

Enteric viruses 

(removal efficiency, 

%) 

Salmonella 

(removal efficiency, 

%) 
0.0001  99 98 97 96 
0.001 99 98 97 96 
0.01 99 98 97 96 
0.1 99 98 97 96 
2 99 98 97 96 
5 99 98 97 96 
10 99 98 97 96 
15 99 98 97 96 
20 99 98 97 96 
25 99 98 97 96 
30 99 98 97 96 
35 99 98 97 96 
40 99 98 97 96 
50 99 98 97 96 
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Table 4. The thermodynamic parameters such as standard enthalpy change (ΔH°, kJ/mol), standard entropy 

change (ΔS°, kJ/mol.oK) and standard Gibbs free energy (ΔG°, kJ/mol), can be calculated and the parameters 
obtained

60 84 87 87 86 
70 80 80 80 80 
90 80 80 80 80 

 




