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The technology of combining magnetic oxide nanoparticles with polymers plays an
important role in physics and material science. They are used in medicine as a
targeted drug delivery system. Magnetite (Fe304) is one of the most important It is
the most widely used iron oxide and has various applications in nanotechnology. In
this research, first, iron oxide nanoparticles were made by the sonochemical method.
To characterize the prepared samples, we used the diffraction scheme, the infrared
Fourier transform spectrum, and a magnetometer with an oscillating sample. In the
diffraction scheme, magnetite is the phase. It is original, and the resulting powder is
crystalline and has an FCC cubic spinel structure. Using Scherer's formula, the
approximate average size of nanocrystals for the Miller index (133) was found to be
about 37 nm. In this research, alginate magnetic beads with chitosan coatings were
prepared. According to the DLS results, the average diameter size of the
nanoparticle with two different methods is about 3 mm and 13 nm. is confirmed in
this nanocomposite. For (Fe304) magnetic beads, absorption bands were observed
at 73.3061, 13.3130, 61.61, and 3611 cml. Residual rings (H-M) of magnetite
nanoparticles magnetic beads were measured at room temperature by a
magnetometer with an oscillating sample, and the results of the measurements show
a behavior similar to paramagnetic clouds in the produced nanostructures. The
saturation magnetization values of magnetite nanoparticles were obtained (131.03
and 1117.30 g/emu, respectively). Considering that the magnetic beads are made of
13 nm, they have more drug-loading capability. Due to the similar behaviors of the
paramagnetic cloud phase, the produced magnetic beads are most likely to have
favorable performance in the targeted drug delivery system and heat therapy.

1. INTRODUCTION synthetic materials in the size range of 1 to 100 nanometers.

Some physical properties of materials will change when

The 21st century, the century of nanotechnology, is
considered the most important era in industry. On the
nanoscale, the physical, chemical, and biological properties
are different from the bulk properties of matter. Nanoscale
particles have unique characteristics that lead to new
achievements in medical, engineering, military, and health
sciences [1]. In nanotechnology, we deal with natural and

their dimensions approach nanometer dimensions. At the
nanometer scale, classical Newtonian mechanics or
thermodynamics cannot explain the observed properties of
materials. Therefore, to express the properties of matter, we
will usually refer to quantum mechanics and solid-state
physics. In the natural world around us, there are many
examples of structures with dimensions of one or more
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nanometers, but the possibility of making nanomaterials
artificially goes back several decades. Researchers in this
period of time to Significant progress has been made in the
construction and detailed study of the properties of
nanostructures. The thickness of the magnetic walls in a
ferromagnetic material is about 100 nm. Therefore, when
the dimensions of the particles are in this order, such as
nanoparticles, the magnetic domain disappears and the
particles become single domains. They say [2]. The
magnetization vector in these particles, in the absence of
field 13, is in the easy direction of the crystal. With the
application of the field, since we do not have a magnetic
field, only the rotation of the dipole moment becomes
important in the hysteresis curve. In the rotation of the
dipole moment, the crossing of the crystal hard direction is
also done, and therefore a de-hysteresis field will be
created. The smaller the size of the particles, the smaller
the anti-residual field. As the dimensions of the particles
become smaller, we reach a point where the anti-resonant
field is zero, and as a result, there is no resistance against
the rotation of the spins in the particle. In this case, we have
reached the behavior of superparamagnetic, and this value
is the size of superparamagnetic [3]. It should be noted that
the size of superparamagnetic materials strongly depends
on parameters such as temperature, crystal anisotropy, and
Shape anisotropy. In the nonchemical method, the
chemical reaction is performed by applying ultrasonic
waves. As a result of the process, Cavitation and bubbles
are formed in the reaction environment, and the size of the
particles depends on the concentration of the reactants. In
this method, holes are created by passing sound waves with
a constant frequency through the solution. By increasing or
decreasing the power of the applied wave, the bubbles are
formed and finally disintegrated, leading to the formation
of nanoparticles [4]. The advantages of this method are
simplicity, the ability to perform at ambient temperature,
the possibility of synthesizing amorphous nanoparticles,
the ability to introduce high-purity nanoparticles into
porous materials, the ability to settle nanoparticles on the
surface of ceramics, and the product's surface being free
from contamination. Among its disadvantages are particles
sticking to each other, a very low concentration of prepared
nanoparticles, carrying out the process in a protective
environment, and the toxicity of the consumables [1]. The
authors. [5] in an article made magnesium ferrite-based
nano ferrites by the hydrothermal method. They added
small amounts of Mn and in to 402MgFe ferrite and
investigated its magnetic and microwave properties
together. The nanoparticles obtained in this research are
superparamagnetic, and the saturation magnetization and
coercive field in the sample without any contamination are
about gr/emul0 and Oe37, respectively. The dimensions of
the synthesized nanoparticles are about 4 nm and have a
good distribution. XRD characterization of these
nanoparticles shows very broad peaks with low intensity,
which indicates the formation of very small particles of the
nanometer order. This feature is in very good agreement
with TEM analysis.[2,6,7]

Magnetic polymer beads can be prepared directly by
depositing iron salts in the polymer matrix. In this method,
the polymer matrix limits the growth of magnetic particles.
The size of nanoparticles produced in the presence of a

polymer matrix is smaller than that of particles produced in
the absence of a polymer [4]. salts, so far, with the co-
precipitation method of iron sites, magnetic beads based on
many polymers such as polystyrene (PS) [4]
polyacrylamide, dextran [1], alginate [3], PVA [1],
copolymers [8,9] Alginate magnetic gels have been
prepared through an in-situ synthesis process of iron oxide
1. Nisho was examined as a mixture of alginate in a
hydrophilic iron salt solution. Also, the authors [1]
synthesized iron oxide nanoparticles in alginate polymer for
use in drug delivery by stimulation with an external
magnetic field, in which the iron oxide particles were
between 1-3 nm and showed superparamagnetic properties.
In this research, the magnetic nanoparticles of iron oxide
have a size of approximately 22 nanometers, the
distribution of the powder is very good, and no
accumulation was found. This is very good for using in
medical applications, and because of the magnetic
properties of the magnetic structure (70), coercivity (Hc =
12), and size of this sample, it can be used in various
medical applications such as drug delivery, MRI, and
hyperthermia.

2. SYNTHESIS MAGNETITE NANOPARTICLES
Fe304

In this research, a sonochemical method was used to make
magnetite nanoparticles. Iron chloride (O2H3.6FeCl) (with
a purity of 33%; Merck company) and iron chloride
(O2H2.4FeCl) (with a purity of 99%; RECTAPUR
company) were used as sources of iron 1 and iron 1,
respectively. The combination of sodium hydroxide
(NaOH) (with a purity of 37%, Floba Company) and
deionized water was used as a solvent and to control the pH.
In the following steps, magnetite nanoparticles are added.
6/Preparation of the solution: First, the value of g is 0.1233
iron chloride 6a, along with 0.4324 g of iron 6a chloride in
powder form, which was poured inside the beaker. To
prevent iron oxidation, after placing the cap and closing the
pores completely, the beaker was placed under a nitrogen
atmosphere. Metal salts were subjected to a nitrogen
atmosphere, and 166 ml of deionized water with a
temperature of 0 °C was added through a decanter. To
obtain a uniform and homogeneous solution, the solution
for 50 minutes.[10,11]

STRUCTURAL CHARACTERIZATION

To determine the crystal structure and also to calculate the
average size of nanocrystals, we used the X-ray diffraction
pattern (XRD). The magnetite sample's X-ray diffraction
pattern was made with a copper tube and KCu radiation
with a wavelength of 1.54. It was prepared in the central
laboratory of Ferdowsi University of Mashhad in the
angular range of 10 to 90 degrees and at a rate of 0.01
degrees per second.[12—14]
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DYNAMIC LIGHT SCATTERING (DLS)

is a physical method to determine the distribution of
particles in solutions and suspensions. In this method, the
light scattered by the particles in the suspension solution
changes, which depends on the particle diameter. The
particle size of magnetite, alginate, alginate with chitosan,
and magnetite samples It was determined by alginate and
chitosan coating with a 3VASCO Cordua/LPSA device
located in the central laboratory of Ferdowsi University of
Mashhad. The magnetic behavior of magnetite samples
with magnetite nanoparticles was investigated by a
magnetometer device with an oscillating sample (VSM).
[15-17].This device works based on Farad's law, so that by
changing the magnetic flux, the electric motive power is
induced according to the magnetization of the sample.
When the magnetic material is placed in a uniform
magnetic field H, a magnetic moment M is induced in the
sample. In the VSM device, the sample is placed between
the sensitive coils and is subjected to oscillating motion
electromechanically. With changes in magnetic flux, a
proportional current the magnetic field of the sample is
induced in the coils, which can be used to check the
magnetic behavior of the material. H-M residual loop of the
samples, at room temperature, by a magnetometer with an
oscillating sample located in the laboratory. Renewable
energies, magnetism, and nanotechnology were measured
at Ferdowsi University of Mashhad, Faculty of Science. the
X-ray diffraction pattern of the sample.[18— 20]
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Figure 1: The diffraction pattern of magnetite nanoparticles
Fe304.

To confirm the crystal structure and calculate the
approximate size of nanocrystals, the X-ray diffraction
spectrum of magnetite nanoparticles was taken. Figure 1
shows the X-ray diffraction pattern of the sample. In the
XRD spectrum, magnetite is the main phase. The powders
are crystalline, and according to the standard card number
61-631-3060, they have an FCC cubic spinel structure with
a lattice constant of 0.16. = a and the space group is m-3Fd
[3]. Using the position of the peak and the half width of the
peaks, the approximate size of the nanocrystals can be
determined with the help of Scherer's relation. Using this
relationship, the approximate average size of nanocrystals
for the Miller index (133), which is the preferred peak of
the diffraction pattern, was determined to be 17 nm. FTIR
spectrum of fabricated samples.[21-23]
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Figure 2: FTIR spectrum of magnetite.

(FTIR) spectrum of the sample was investigated. Figure 2
shows the FTIR spectrum of magnetite, which includes two
main bands in the 559/cm range [4]. Tape around425/cm.
They are one of the main characteristics of the spinel
structure.113 /cm Cubic unit cell oscillations can be created
in tetrahedral sites (A) and octahedral sites (B).3 and 1
absorption bands due to stretching fluctuations of the metal-
oxygen bond corresponding to the tetrahedral sites,
respectively Fe-O, and they become octahedral. Changing
the position of the bands due to the difference in link length

Fe ion in positions A and B.[24-26]
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Figure 3: FTIR Spectrum of Fe304 Magnetite Nanoparticles
Showing Characteristic Fe—O Vibrational Bands

Figure 4 shows the hysteresis loop (H-M) of the of the
Fe304, which shows the very small area of the hysteresis
loop. The behavior is superparamagnetic the magnetic
properties of the magnetic structure (70), coercivity (Hc =
12), and size of this sample, it can be used in various
medical applications such as drug delivery, MRI, and
hyperthermia [27]
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Figure 4: Size distribution diagram of magnetite nanoparticles.

Dynamic light scattering was also used to determine the
size of magnetite nanoparticles. In average form in Fig. 4,
the size of the hydrodynamic diameter of magnetite
nanoparticles was reported to be about 33 nm.[28-30]

3. SUMMARY AND CONCLUSION

This study used the Sashimi method to create iron oxide
nanoparticles. According to the DLS results, the size the
average diameter of nanoparticles made by the two Sashimi
methods is about 31 and 22 nm, respectively. Magnetite
nanoparticles made by the nonchemical method have a
cubic spinel structure, and the average size of their
nanocrystals was estimated to be around 27 nm. According
to the results of the FTIR spectrum, magnetic nanoparticles
are formed. The saturation magnetization value of
magnetite nanoparticles was measured at 70 g/emu, and
according to the shape of the residual rings, at room
temperature, the samples have the same behavior as the
paramagnetic cloud phase. From the results, it has been
shown that if these nanoparticles are coated, they can be
used in biological, medical, and drug delivery applications.
Considering that the nanomagnets made are between 13
and 22 nm, they have the ability to load more drugs. Due
to the similar behavior of the paramagnetic super phase, the
produced magnetic nanoparticles are most likely to have
favorable performance in the targeted drug delivery system
and heat therapy.
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