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ABSTRACT 

Iron oxide nanoparticles of undoped and manganese doped were prepared from natural sand of Logas District 

Kuansing Regency Riau Province using ball milling method. Structural and morphological properties of these undoped and 

manganese doped iron oxide nanoparticles in the range of 0%-20%. were studied. Crystalline size, interplanar spacing and 

surface morphologies of the samples were estimated and the results are discussed. The X-Ray Diffractometer (XRD) 

analysis reveals that diffraction peaks shift to slightly smaller angles as compared with undoped samples due to bigger 

atomic radii of manganese (161 pm) as compared to that of iron (156 pm). The average crystalline size of the manganese 

doped iron oxide nanoparticles increases with increasing manganese content up to 10%. Further increase in manganese 

content to 15% reduces the average grain size, which might be because of the presence of more manganese atoms at the 

grain boundaries. Moreover, peaks corresponding to manganese oxide or metal manganese could not be observed in the 

diffraction patterns. Some other diffraction peaks from other crystalline forms such as silicon (Si) and titanium (Ti) were 

observed. Morphology of undoped and doped manganese iron oxide nanoparticles is irregular, agglomerated and non-

homogenous distribution visualized through scanning electron microscopy (SEM). 
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INTRODUCTION 

Nowadays, iron oxide particles with desired size 

and structure has a great attention by researchers due to 

their magnetic and catalytic properties. [1] In nanometer 

size, iron oxide nanoparticle has a unique property called 

superparamagnetic which has much application such as 

catalyst [2], biomedic [3], magnetic sensor [4], magnetic 

resonance imaging [5], solar cell [6], and drug delivery 

target. [7]  

Iron oxide nanoparticles can be prepare using 

some methods including hydrothermal [8], chemical 

electro [9], sol-gel [10], micro emulsion [11], and physical 

methods. [12-17] in the physical methods, one of the well-

known methods is ball milling. [14-16] in this method 

initially larger grain sizes of the sample are reduced to 

nanometer scale particles by mechanical means. The 

advantage of using this method is simple, efficient, high 

yield and low cost compared to other methods. Previous 

researchers [18, 19] have used ball milling method to 

produce magnetic iron oxide nanoparticles. For example, 

several researchers [20, 21] used ball milling method for 

preparing nanoparticles of different materials or to study 

the structural changes in the materials during ball milling. 

They found that magnetic properties, phase and 

morphology of the obtained particles are depended on 

time, speed and types of milled balls.  

According to previous researchers, [22] when 

transition metal elements doped into magnetic 

nanoparticles, they alter the structural and magnetic 

properties of that nanoparticles. Some researchers [23] 

studied the effect of the doping with zinc ions on the 

magnetic and structural properties iron oxide 

nanoparticles. They found that saturation magnetization 

value of the doped magnetic nanoparticles increases with 

increasing zinc concentration. Recently, a group of 

researchers [24] studied the magnetic and structural 

properties of cobalt doped magnetic nanoparticles for 

biomedical application. They found that the cobalt doped 

magnetic nanoparticles showed the saturation 

magnetization value of 47 emu/g and coercivity of 947 Oe. 

Since the concentration of transition metals plays an 

important role in responding the applied magnetic field, 

we carried out a systematic study on undoped and 

manganese doped magnetic iron oxide particles 

synthesized from natural sand from Logas, Kuansing 

District, Riau Province using ball milling method. 

 

EXPERIMENTAL PROCEDURE 

The samples of natural sand were collected from 

district of Logas, Kuansing Regency, Riau Province. The 

sand was dried under Sun ray until it completely dried. 

Iron sand separator (ISS) was employed for removal of the 

non iron oxide particles prior to ball milling process. The 

product of ISS was milled for 120 hours using ball milling 

with a combination of three milling ball sizes namely 0.5, 

0.7 and 1.5 cm. The iron oxide and non iron oxide 

particles were separated using neodymium iron boron 

magnet (NdFeB). The product of ball milling  was divided 

into 5 parts namely BM1_0, BM1_5, BM1_10, BM1_15 

and BM1_20 milled together with manganese as a dopant  

composition of 0, 5, 10, 15 and 20 % respectively, for 20 

hours. Structural and morphological properties of the iron 

oxide nanoparticles before and after doping were analyzed 

using X-Ray Diffraction (XRD) method. The 

morphological properties of compounds were explored 

using scanning electron microscopy (SEM). 
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RESULTS AND DISCUSSIONS 

 

Structural Properties 

Figure-1 shows the indexed X-Ray Diffraction 

(XRD) pattern for undoped iron oxide nanoparticles 

prepared using ball milling method. The pattern reveals 

the structure of (110), (012), (202), and (024) planes 

indicates the formation of hematite (α-Fe2O3) indicated by 

pure phase JCPDS Card no. 33-0664. [25] Both diffraction 

patterns show identical peaks position with lattice 

parameters of a = b = 5.038Å, and c=13.772Å. However, 

it also can be seen from Figure-1 that some other 

diffraction peaks from other crystalline forms such as 

silicon (Si) and titanium (Ti) were detected as shown 

Table-1, which demonstrates that these magnetic iron 

oxide nanoparticles (α-Fe2O3) samples are not purely 

hematite. 

 

 
 

Figure-1. X-Ray Diffraction (XRD) pattern for 

undoped iron oxide nanoparticles prepared 

using ball milling method. 

 

XRD patterns of manganese doped iron oxide 

nanoparticles with Bragg reflections are shown in Figure-

2. It is clear that each pattern of the sample shows 

identical peaks, and there is no evidence of peaks 

corresponding to manganese oxide such as MnO2 or 

Mn3O4, confirming that the manganese is incorporated into 

the magnetic nanoparticle’s structure rather than 

precipitating as a manganese oxide on the surface of the 

iron oxide nanoparticles. Moreover, the diffraction peaks 

shown in Figure-2 are sharp and narrow indicated that the 

iron oxide nanoparticles are crystallized. It can be seen 

from Figure-2 that the shift occurs in most peak positions 

to slightly smaller angles for manganese doped iron oxide 

nanoparticles (α-Fe2O3) indicating that the crystalline 

structure is affected due to the manganese doped atoms.   

 

 
 

Figure-2. XRD patterns for magenese doped iron oxide 

nanopaticles (a) 5%, (b) 10% (c) 15 % and (d) 20 %. 

 

This shift of peak positions to slightly smaller is 

due to relatively bigger size of manganese (161 pm) as 

compared to that of iron (156 pm). These peak positions 

correspond to inter planar distances as shown in Figure-3. 

The bigger atomic radius of manganese leads to increase 

in unit cell that causes increase in interplanar distance 

which according to Bragg’s law shifts the peak positions 

to smaller angles. This is agreed well with the fact shown 

in Figure-4. This level of doping may result in the dopant 

atoms being dissolved in the unit cell resulting increase in 

interplanar distance as shown in Figure-3. However, 

beyond 10%, results into a decreased average crystallite 

size. The decrease of average crystallite size of iron oxide 

nanoparticles is due to some of manganese doping atoms 

go into the grain boundaries. [26] 

 

 
 

Figure-3. Variation of interplanar distance dhkl 

of iron oxide nanoparticles as a function of 

manganese content. 

 

Crystallite size (D) of undoped and magenese 

doped iron oxide nanoparticle was calculated using 

Scherrer formula (1). [27]  

 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
                                                (1) 

 

0

1,000

2,000

3,000

4,000

5,000

6,000

0 20 40 60 80 100

In
te

n
si

ty
 (

 A
rb

. U
n

it
s)

Diffraction Angle (degree)

(104)

(102)

Si

(110)

(113)
(024)

(116)

Ti

(018)

(214)
(220)

2.720

2.725

2.730

2.735

2.740

0 5 10 15 20 25

In
te

rp
la

n
ar

  D
is

ta
n

ce
 (

A
n

gs
tr

o
m

s)

Manganese Content (%)



                                VOL. 16, NO. 18, SEPTEMBER 2021                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              1874 

where K, λ β, and  θ  is Scherrer factor taken as 0.9, λ is 

the wavelength of X-ray (1,5406 Å), full width at half 

maximum (FWHM), and is the diffraction angle 

respectively. The average crystallite size of iron oxide 

nanoparticles estimated using Scherrer formula is plotted 

as a function of manganese concentration as shown in 

Figure-4. Average crystallite size increased with 

increasing the doping concentration up to 10% and then 

decreased. It can be noticed that the average crystallite 

size increases from 49 to 57 nm with increasing 

manganese content from 0 to 10%, respectively indicating 

the present of manganese atoms in iron oxide 

nanoparticles. 

 

 
 

Figure-4. Average crystallite size of iron oxide nano 

particles as a function of manganese content. 

 

Morphological Properties 

The chemical compositions of undoped and 

manganese doped iron oxide nanoparticles are provided in 

Table-1. From the table, it is clear that the compositions of 

the samples show the presence of O, Fe, C, Ti and Si 

atom. It can be seen from Table-1 that the iron content 

decreases while the oxygen content increases from 57.08% 

to 62.73% as manganese content increases from 0 to 10%. 

However, beyond 10% of manganese content then the 

oxygen content decreases.  

 

Table-1. Composition of the samples. 
 

Mn (%) O (%) Fe (%) C (%) Ti (%) Si (%) 

0 57.08 24.64 0 15.99 2.29 

5 61.39 23.34 0 14.04 1.23 

10 62.73 22.19 0 13.98 1.11 

15 53.46 18.45 12.51 13.31 0.96 

20 59.47 16.53 10.33 12.07 0.47 

 

The scanning electron microscopy (SEM) images 

of undoped and cobalt doped iron oxide nanoparticles 

samples with 20.000-x magnification are shown in Figure-

5. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Figure-5. Scanning electron microscopy images for (a) un 

doped and manganese doped iron oxide particles (b) 5% 

(c) 10%, and (d) 15% 

The average iron oxide nanoparticles size of 

undoped and manganese doped iron oxide nanoparticles 

was roughly estimated in the range from 157 nm to 219 

nm with irregular form. It can be noticed that particle size 

distribution is smaller for undoped iron oxide 

nanoparticles (157 nm). The average particles size for 

manganese doped Iron oxide nanoparticles is in the range 

from 189 to 219 nm. Moreover, the particles size 

distribution of manganese iron oxide nanoparticles is 

relatively narrower compared to that for undoped iron 

oxide nanoparticles as indicates in Figure-5(a). From 

Figure-5 (a) - (d) it can be estimated that the average 

particles size increase with increasing manganese content.  

 

CONCLUSIONS 

Undoped and manganese-doped magnetic 

nanoparticles have been prepared using ball milling 

method. XRD results indicated the formation of hematite 

(α-Fe2O3) phase in both undoped and manganese doped 

iron oxide nanoparticles. XRD peaks corresponding to 

manganese oxide could not be observed in diffraction 

pattern. Some other peaks such as silicon (Si) and titanium 
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(Ti) were clearly observed, which suggest that these iron 

oxide nanoparticles prepared using ball milling method are 

not purely hematite (α-Fe2O3). The SEM image shows that 

the magnetic iron oxide nanoparticles consists of irregular 

shapes and different sizes  iron oxide nanoparticles can be 

prepared from Logas natural sand that is available 

abundantly. In the experiments discussed in this paper, the 

doping process was carried out using a commercially 

available manganese nanopowder. The ability to modify 

these magnetic nanoparticles in controllable size may 

enable them to be used for environmental remediation.  
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