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Abstract 

In this research, iron sand from local resource was used to synthesis the Fe3O4 
nanoparticle. Effects of sonication time and a different size of iron sand were 
analysed in the preparation process to obtain magnetic nanoparticle, which has 
excellent properties. The black colour of obtained magnetic nanoparticle was 
further analysed with the Brunauer-Emmett-Teller (BET) method to observe the 
porous structure of materials, including surface area, average pore diameter, and 
the type of pore size. The results show that the produced magnetic nanoparticles 
have a mesoporous structure with the average pore diameter ranged within 3.594-
5.392 nm. This mesoporous architecture is desired in drug delivery application 
for high drug loading. Scanning Electron Microscopy (SEM) and Transmission 
Electron Microscopy (TEM) result shows that the magnetic nanoparticles have 
homogeneous spherical shape and nano in size. Such nanoparticle can be easily 
transferred in the body through the blood and enhance the targeting ability. 
Meanwhile, Energy Dispersive X-Ray (EDX) result shows that the major element 
found in MNP samples are iron and oxygen, which could form iron oxides. Thus, 
the resulted Fe3O4 nanoparticle from local iron sand could be used as an 
alternative approach as a biomaterial for cancer treatment.  

Keywords: Biomaterial, Iron sand, Nanomagnetic. 
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1.  Introduction 
Nanomaterials become an interest for last decade, especially in the biomedical 
field. One of the promising nanomaterials, which widely developed for cancer 
treatment is magnetic nanoparticle [1]. Magnetic nanoparticle (MNP) can be bound 
with drug or other biomolecule agents, transferred to the body, then accumulated 
in the targeted cancer cells by inducing a magnetic field using an implanted magnet 
or applied field [1].  

Thus, the targeting ability of a drug can be increased. Their magnetic properties 
can be used for several applications, such as magnetic resonance imaging (MRI) 
[2] and hyperthermia therapy [3]. In the first biomedical application proposal, MNP 
can be delivered through the blood and targeted in a specific part of the body by 
using the magnetic field [4]. The heat will be generated in the targeted tissue and 
kill the tumour cells [5]. 

MNP can be modified using different materials, which can carry cancer drug 
and increase their loading. Lengert et al. [6] conducted research, which loaded 
MNP into a hollow silver hydrogel microsphere. The results showed that prime 
loading capacity was obtained when the outer shell layer of microsphere was 
adsorbing MNP. It could also act as stimuli to enhance the drug targeting ability. 
Thus, by using magnetic nanoparticle, the effectiveness of cancer therapy can be 
increased due to the dual function of MNP, which can act as a drug carrier and also 
as hyperthermia agent.   

Several studies have been done to produce Fe3O4 nanoparticle from commercial 
iron. Yallapu et al. [7] have successfully synthesized iron oxide nanoparticle from 
commercial Iron (III) and Iron (II) using precipitation method and loaded curcumin 
into the materials using the diffusion method. The result exhibited magnetic 
nanomaterial with 9 nm-sized individual particle grain and 123 nm aggregative 
particle size. It also showed superior magnetic resonance imaging properties and 
raised the targeting ability of curcumin.  

Another research was conducted by Jain et al. [8], which produced magnetic 
nanoparticle with dual functional properties, as drug delivery materials and 
magnetic resonance imaging. They prepared the materials by co-precipitation of 
commercial Fe (III) and Fe (II) with ammonium hydroxide, then coated with oleic 
acid. The obtained modified magnetic nanoparticles were loaded with doxorubicin 
(DOX) and paclitaxel (PTX) drug to see the drug loading and release ability. Their 
research resulted in nano-sized materials with the core particle size of 10-25 nm 
and mean hydrodynamic diameter was in the range of 210-250 nm. The drug 
loading capacity was high with the efficiency of DOX and PTX loading were 82% 
and 95%, respectively. 

In the present research, Fe3O4 will be synthesized from local iron sand, which 
is abundantly available. Rahmawati et al. [9] have successfully synthesized Fe3O4 
nanoparticle from local iron sand using different frequency and stirring rate of 
ultrasonic irradiation. However, there is still limited research that has been done 
using ultrasonic irradiation method. Therefore, more study is needed to optimize 
the process. This research aims to study the effect of different iron sand size and 
reaction time during ultrasonic radiation process, which could affect the properties 
of the resulted MNP. 
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2.  Materials and Methods 

2.1.  Materials 
The iron sand was obtained from Glagah Beach, Special Region of Yogyakarta 
(S7°54'45.8" E110°3'59.5"). Hydrochloric acid (HCl) (37% Purity Merck, 
Germany), ammonium hydroxide solution (NH4OH) (30% Purity Merck, 
Germany), ethanol absolute (Merck, Germany) and distilled water were used 
during the synthesizing process. 

2.2. Methods 
2.2.1. Preparation of magnetic nanoparticle 

Magnetite was extracted from Kulonprogo’s iron sand by using a magnetic 
separator. The extracted magnetite was sieved using different size of mesh screens 
as shown in Table 1. Ten grams of magnetite particles were dispersed in 54 mL of 
12 M HCl (37%) and left for ultra-sonication with different radiation time as shown 
in Table 1 using sonicator bath at room temperature. The frequency used in this 
process was 30 kHz based on the equipment specifications. 

The suspension solution was filtered using a 0.8 μm filter paper to obtain FeCl2 
and FeCl3 solution. Approximately ±50 mL of 6.5 M NH4OH solution was added 
to the filtered solution one drop at a time until the black-coloured deposit was 
formed. The deposit was washed repeatedly with ethanol and distilled water until 
neutral pH is reached. After that, the deposit was separated from the solution by 
centrifugation, dried in an oven at a temperature of 60°C for ±12 hours, and then 
collected with a magnet. 

Table 1. Sample of magnetic nanoparticle. 

Sample Size of mesh screen 
(mesh) 

Ultra-sonication time 
(minutes) 

MNP1 70 30 
MNP2 140 30 
MNP3 140 120 

2.2.2. Characterization 

Brunauer-Emmett-Teller (BET) Nova 2000, Quantachrome (USA) was used to 
analyze the characterization of pore size. In this study, BET will be used to 
determine surface area and type of isotherm of produced MNP. Meanwhile, the 
Barret-Joyner-Halenda (BJH) method will be used to determine the pore types. The 
adsorption-desorption N2 curve could exhibit different types of pores. Adsorbed 
volume (cc/g) is plotted in the different relative pressure. 

X-Ray Diffraction (XRD) by Rigaku Miniflex 60 (Japan) was used to analyze 
the crystal size and structure of the obtained magnetic nanoparticles. The analysis 
was done by using Cu Kα X-Ray source with wavelength number set at 0.1540 nm 
operated in 40 kW.  

Transmission Electron Microscopy (TEM) JEOL JEM-1400 (USA) was used 
for morphological analysis of the nano-magnetite surface so that the size of the 
nanoparticle can be analysed.  
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Scanning Electron Microscopy-Energy Dispersive X-Ray Spectroscopy (SEM-
EDX) Hitachi models SU-3500 (Japan) was used for morphological analysis of the 
nano-magnetite surface. In addition, SEM-EDX can also be used to determine the 
element of sample. 

3.  Results and Discussion 

3.1. Brunauer-Emmett-Teller (BET) analysis 
Iron sand, which has been modified into a magnetic nanoparticle was then 
characterized using Brunauer-Emmett-Teller (BET) analysis. The surface area of 
the samples can be seen in Table 2. Magnetic nanoparticles with the same mesh 
size but different sonication times show different results of surface area. During 
sonication of 30 minutes, the produced magnetic nanoparticle has a surface area of 
183.194 m2/gram and average pore diameter of 5.392 nm while magnetic 
nanoparticle with 2 hours sonication time has a surface area of 273.301 m2/gram 
and average pore diameter of 3.608 nm.  

This result shows that the magnetic nanoparticle with 2 hours sonication time 
has a greater surface area than magnetic nanoparticle with 30 minutes sonication 
time. It is because the longer sonication time indicates the longer precipitation 
process, which resulted in the stronger disintegration of solid particles into the 
solution, which tends to make a great reduction of particle size. Thus, the surface 
area was increased as the consequences of the reduction of particle size. This 
phenomenon is similar to the formation of nanoparticles by emulsification process 
[10]. In addition, Table 2 shows that magnetic nanoparticles with the same 
sonication time but different particle sizes produced different surface areas and pore 
diameter. By using 140 mesh of iron sand size, the surface area of obtained 
magnetic nanoparticle was 183.194 m2/gr and the pore diameter average was 5.392 
nm. Meanwhile, when using 70 mesh iron sand size, the magnetic nanoparticle 
surface area was 297.093 m2/gram and a pore diameter average was 3.594 nm. This 
shows that larger particle size leads to smaller average pore diameter. The desired 
pore diameter is in the range of 2-50 nm, according to IUPAC classification for 
mesoporous materials. 

Table 2. Magnetic nanoparticle characterization. 

Characterization Specific surface area (SBET), 
(m2/g) 

Average pore diameter 
(nm) 

MNP1 297.093 3.594 
MNP2 183.194 5.392 
MNP3 273.301 3.608 

Furthermore, the pore size distribution on the magnetic nanoparticle can also be 
determined from the type of isothermic equilibrium curve achieved from the 
sample. The adsorption equilibrium condition is a condition when the adsorption 
rate is the same as the desorption rate. After the adsorption process on the adsorbent 
surface lasted long enough, the gas is absorbed on the adsorbent and the gas in the 
gas body will reach equilibrium conditions. In evaluating the adsorption data, the 
right isotherm equation is needed to be used for this type of adsorption system. 
Through the isothermic equilibrium curve, the amount of adsorbate absorbed on 
the adsorbent can be determined.  
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Based on IUPAC classification, the type of isotherm curve produced using 
Barret, Joyner and Halenda (BJH) methods for magnetic nanoparticles is type IV 
[11]. The isotherm curve with this type is in the relatively low to medium pressure 
range. At a certain pressure range, the desorption line does not coincide with the 
adsorption line (hysterical phenomenon). Lines that do not coincide between 
adsorption and desorption lines indicate adsorbents with mesoporous size. In 
addition, the average pore diameter of all samples from BET analysis is in the range 
of 3.594 to 5.392 nm, which fulfil the criteria of mesoporous material based on 
IUPAC nomenclature. The mesoporous size of nanoparticle is needed for drug 
delivery application to increase the drug loading.  

The equilibrium curve for magnetic nanoparticles can be seen in Fig. 1. Figure 
1 shows that all samples of magnetic nanoparticles exhibit a typical isothermic 
of type-IV curves with the hysteresis loop of H3 [12]. The hysteresis loop exists 
at the relative pressure between 0.4 to 1.0; 0.2 to 0.9; and 0.4 to 0.9 for MNP1, 
MNP2, and MNP3 samples respectively and indicates the existence of 
mesoporous structure [12]. Such loops would not exist in non-mesoporous 
architecture [13, 14]. This result was also similar to the previous study on 
mesoporous particles, which studied based on the isotherm curve [15]. The direct 
synthesis of mesoporous architecture, which does not use any surfactant was 
explored before [16]. The mesoporous structure is formed due to the 
agglomeration of individual nanoparticles affected by pH, the nature of alkali, 
the rate of alkaline solution addition and also the drying process [16]. 

 
Fig. 1. Isotherm magnetic nanoparticle curve. 

At the same relative pressure, the nano-sized mesh curve with a size of 70 mesh 
produces a larger pore volume than the nano-magnetic curve with a size of 140 
mesh. Based on this, it can be concluded that the larger iron sand size, the greater 
pore volume will be obtained, therefore, it can increase drug loading [17]. In 
addition, Fig. 1 also shows that different sonication times gave different results of 
the isothermic curve trend. The comparison of the curve of MNP2 samples (140 
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mesh size with 30 minutes sonication time) with MNP3 samples (140 mesh curve 
with 120 minutes sonication time) shows that longer sonication time produced a 
larger volume. It is because the longer sonication time could enhance the 
elucidation of solid particles into the solution, which tends to make a great 
reduction of particle size. Thus, the total volume was increased. 

3.2.  X-Ray Diffraction (XRD) analysis 
XRD graph exhibits the crystal structure of samples. Figure 2 showed that all of the 
samples have the characteristic peaks of Fe3O4 as assigned according to JCPDS 
card no. 19-0629 with miller index of (2 2 0), (3 1 1 ), (4 0 0), (5 1 1), and (4 4 0), 
respectively [18]. 

The crystallite size of magnetic nanoparticles was determined using Scherer 
equation [19]: 

𝐷𝐷 = 𝑘𝑘𝑘𝑘
𝛽𝛽 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

                  (1) 

where 𝐷𝐷 is crystallite size (nm); 𝑘𝑘 is shape parameter (0.89 for magnetite); λ is the 
X-ray wavelength (0.154 rad); β is full width at half maximum (FWHM), and 𝜃𝜃 is 
the corresponding Bragg angle. Based on Eq. (1), the calculated crystallite size are 
68.8, 3.7, and 2.7 for MNP1, MNP2, and MNP3 samples, respectively.  As the 
larger iron sand size, the crystallite size of nanoparticle increases.  

 
Fig. 2. The pattern of X-Ray diffraction of nanomagnetic samples.  

3.3.  Transmission Electron Microscopy (TEM) analysis 
TEM characterization was used to determine the morphological structure of 
magnetic nanoparticles. It is expected that the produced nanoparticle magnetic has 
a homogeneous and nanometer-sized structure, which less than 100 nm. Figure 3 
shows the result of TEM analysis of MNP2 sample. The result shows that resulted 
MNP has a nano-sized structure, which is good for biomedical application. The 
particles have a similar size with biomolecules, which provoke better intracellular 
uptake compared to the micron-size materials. It is because nano-size material 
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could facilitate better penetration into capillaries and through fenestrations. They 
can easily access many areas of the body through the circulating system and provide 
better drug delivery precisely for cancer cells [17]. They also can modify with 
multiple targeting moieties such as peptides or antibodies for effective cancer-
targeting [20]. Thus, the effectiveness of cancer cell treatment can be increased. 

Figure 3 also shows that the obtained Fe3O4 formed nearly spherical shaped-
particle and tends to make agglomeration. The agglomeration phenomenon is 
caused by particle interaction, which usually possessed by magnetic materials 
called DLVO theory. It explains that the agglomeration of aqueous dispersions was 
determined by a repulsive force between the charged particles [21]. In addition, the 
rise of surface free energy resulted from the decrease of magnetic size also tends to 
form agglomeration [22]. In addition, the absence of surfactant enhances the 
formation of aggregates of this particle. Such phenomenon determines the stability 
suspension of magnetic nanoparticles in the liquid medium [16]. 

  
 

Fig. 3. TEM analysis of MNP2 sample. Left side indicates the TEM image 
in lower magnification, meanwhile, the right side indicates the TEM images 
in higher magnification. Redline shows the agglomeration of nanomagnetic, 

and the yellow line shows spherical shape of individual nanomagnetic. 

3.4. Scanning Electron Microscopy-Energy Dispersive X-Ray 
Spectroscopy (SEM-EDX) analysis 

The next magnetic nanoparticle characterization is Scanning Electron Microscopy 
(SEM). Figure 4 is the result of SEM from the three magnetic nanoparticle samples. 
Based on Fig. 4, it can be seen that the three produced magnetic nanoparticles tend 
to agglomerate. However, MNP3 shows more homogeneous distribution compared 
to MNP1 and MNP2. It is because MNP3 sample was synthesized using longer 
sonication time and smaller iron sand size, which provoke better dispersion process. 
Thus, it resulted in more homogeneous nanoparticle formation. 

The result of Energy Dispersive X-Ray Spectroscopy (EDX) analysis shows 
that some impurities in iron sand can be reduced during MNP synthesis process. 
The composition of each component in each sample can be seen in Table 3. 
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Another research using different method could get iron oxide nanoparticle 
without any impurities [23]. More purification is needed to obtain such particle 
after co-precipitation method. Table 3 shows the major component of three 
magnetic nanoparticle samples, which are iron and oxygen, which could form iron 
oxide. Based on XRD data, the obtained iron oxide was iron oxide II nanoparticle. 
However, the small amount of Cl also appears. The Cl detected was the result of 
the residual hydrochloric acid used during the synthesis process. 

 
 

Fig. 4. SEM analysis of magnetic nanoparticle of: a) MNP1, b) MNP2 and 
c) MNP3 samples. Left column indicates the SEM images in low magnification, 

while right column indicates the SEM images in high magnification. 

Table 3. Magnetic nanoparticle composition. 

Element 
Mass (%) 

Iron sand MNP1 MNP2 MNP3 
O 43.18 38.15 42.54 34.40 
Na 0.92 - - - 
Mg 1.43 - - - 
Si 6.43 - - - 
Ca 0.70 - - - 
Cl - 2.79 1.55 2.52 
Ti 3.78 5.92 4.70 5.88 
Fe 43.55 53.02 51.21 57.20 
Total 100.00 100.00 100.00 100.00 
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4.  Conclusions 
Utilization of local iron sand to produce magnetic Fe3O4 nanoparticle using 
ultrasonic radiation method was studied. By varying the size of iron sand (140 mesh 
and 70 mesh) and ultra-sonication time (30 minutes, 120 minutes), optimization 
was done. Further characterization was then used to see their effect on pore 
properties, morphology, and also the metal content of the samples. Results show 
that samples using 140 mesh iron sand and 120 minutes ultra-sonication time 
produce nanomaterial with high surface area and mesoporous type of pores, which 
is good for drug delivery application. SEM and TEM images also show that the 
samples produce a homogeneous spherical shape with nanometre ranged size, while 
the EDX results show that the obtained MNP has higher Fe content compared to 
the iron sand. From the results, it can be concluded that Fe3O4 nanoparticle from 
Glagah Beach, Special Region of Yogyakarta is potential to be used in drug 
delivery system. 
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