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  Abstract 
We have carried out a thorough investigation to scrutinize the characteristics of 

iron sand and nickel oxidizer, focusing on their crystal structure as microwave-
absorbing materials. The study investigates the impact of these materials on 
microwave absorption characteristics and the frequency range of the resulting 
waves. The solid-state reaction method is used in the research methodology. The 
research findings indicate that the combination of iron sand and nickel oxide leads 
to the formation of a homogeneous substance. The X-ray diffraction pattern data 
reveals the presence of two single-phase materials: iron sand, which consists of 
hematite, and nickel oxide. The iron sand and nickel oxide materials underwent 
characterization using EDS, revealing a composition that closely approximated 
stoichiometry. A Vector Network Analyzer (VNA) test shows that the iron sand and 
barium hexaferrite mix may be able to effectively absorb electromagnetic waves at 
a radar frequency of 12 GHz, leading to a -24 decibels (dB) drop. 
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1. Introduction 

Indonesia boasts an extensive array of natural 
resources, including mining components that are 
found in virtually every region of the country. Mining 
harnesses natural resources as primary inputs for 
industrial applications and plays a pivotal role in 
driving scientific and technological progress in the 
materials sector. Iron sand and nickel oxide are two 
examples of natural resources. Iron and nickel oxide 
sand, characterized by its lustrous black appearance, 
is commonly found along the beach. Bahfie et al., 
2022 found a direct relationship between the 
darkness of black sand and its iron content. 

With the abundance of iron and nickel sand 
resources in Indonesia, this will open up great 
opportunities for these two materials to be processed 
into modern raw materials. In this research, an effort 
was made to increase the content of iron and nickel 
sand to produce a microwave absorbing material 
through characterization of these two materials. 

It is anticipated that the combination of these 
characteristics would result in a microwave-
absorbing substance that is efficient, affordable, and 
eco-friendly. This study utilizes naturally occurring 
raw materials, specifically limestone and iron sand, to 
manipulate and enhance their magnetic and 
electrical characteristics. The research will utilize the 
material mass ratio as the sample variation to create 
a magnetic material that possesses efficient 
microwave absorption properties. 

The research aims to analyze the properties of 
iron sand and nickel oxide as radar absorbing 
materials, investigate the impact of adding nickel to 
iron sand on its microwave absorption capabilities, 
and determine the frequency range of microwave 
absorbers generated by iron sand and nickel oxide. 
The frequency of the waves generated by these 
materials influences their optimal microwave 
absorption capabilities.
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Figure 1. Map shows research location in Medan city, Sumatra Utara. 

 

2. Literature Review  

2.1 Crystal Structure Influence on 
Microwave Absorption 

X-Ray Diffraction (XRD) is a technique that 
utilizes x-ray diffraction to analyze the crystal 
structure of a sample. X-ray diffraction (XRD) is a 
technique used to characterize materials, which 
relies on Bragg's law. When X-rays are directed 
towards the specimen, they will interact with the 
atoms present in the crystal structure of the specimen 
through collisions. 

. 

 
Figure 2. Schematic system diagram of the diffractometer. 

Based on the image provided, it is evident 
that the incident ray strikes the sample at a specific 
place in the first plane that is scattered by the crystal. 
This scenario creates a reciprocal interference 

pattern that is strengthened when the angles satisfy 
Bragg's law. 

 
2.2 Tool Characterization 

This phenomenon can be observed in the graph 
depicting the correlation between the intensity of the 
distinct spectrum and the angle 2θ. The angle θ in a 
crystal can be measured by analyzing the 
crystal/atom system and examining the diffraction 
parameters or direction, which are influenced by the 
form and size of the unit cell. Figure 2 displays an 
example of X-Ray Diffraction test findings. 

 
Figure 3. Example graph shows the relationship between 

intensity and degree for the XRD yield curve. 
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Peak The XRD curve shows high intensity. The 
intensity becomes high due to the constructive 
combination of X-ray reflections (diffracted 
wavefront) which are in the same phase. Different 
atoms in the crystal structure can cause phase 
differences in the reflected X rays.  
 

3. Method 

The research methodology employed is the Co-
Precipitation technique. Combine iron sand and 
nickel oxide with distilled water using the correct 
mass ratio. 

 

 
 

Figure 4. Research flow diagram and scheme in this 
research study. 

 
The research was conducted at the Physics 

Laboratory of the University of North Sumatra (USU) 
between January 2024 and March 2024. The 
research utilized iron sand and nickel oxide 
procedures that were produced utilizing the Co-
Precipitation process. The specified materials were 
dissolved in distilled water, followed by the addition 
of NaOH, and thereafter left undisturbed for a 
duration of 24 hours. The sediment was 
subsequently rinsed and dehydrated at a 
temperature of 1000C for a duration of 2 hours, 
followed by purification at the same temperature for 
an additional 2 hours. The samples were 
subsequently analyzed using X-Ray Diffraction 
(XRD), Scanning Electron Microscope-Energy 
Dispersive Spectroscopy (SEM-EDS), and Vector 
Network Analyzer (VNA). The objective of this 
research is to comprehensively comprehend the 
characteristics of this substance and explore its 
possible utilization in diverse domains. 

 

 
 
 
 

4. Results and Discussion 

The research commenced by quantifying the 
density of the sample utilizing a pycnometer. The 
initial procedure involves preparing three samples by 
measuring the masses of Fe2O3 and Ni in ratios of 
1:4, 1:1, and 4:1. Subsequently, the sample 
underwent testing using a viscometer to determine 
the optimal composition, specifically Fe2O3 and Ni in 
a mass ratio of 4:1, with a density value of 4.95 gr/ml. 
Materials with greater density exhibit superior 
microwave absorption capabilities. The reason for 
this is that materials with greater density have a 
higher number of atoms inside a given volume, 
resulting in a greater capacity to absorb microwave 
radiation by these atoms. The Fe sample2O3 and Ni 
(4:1) proved to be the most effective sample utilized 
in this study. 

 
3.1 Analysis samples 

The Match!4 software does material phase 
matching. The iron sand and nickel oxide (4:1) 
samples exhibit a singular phase, as depicted in 
Figure 4. It is evident that the sample exhibits a 
solitary phase of barium hecaferrite. 

 

 
Figure 5. Example graph shows the results for the 

relationship analysis of Fe2O3 and Nickel Oxide samples 
using XRD 

 
According to Figure 4, the peak shift is 

observed in the direction towards corner 2𝛳 (O) and 
is reduced when coupled with iron sand. The 
variation in peak shift has an impact on the lattice 
parameters, as demonstrated in table 1. Combining 
these two materials leads to an increase in intensity, 
while simultaneously reducing the FWHM value. This 
demonstrates that the amalgamation of these 
substances exerts a significant impact on the 
proliferation of crystal grains derived from the fusion 
of Iron Sand and Nickel Oxide specimens. The 
trigonal crystal structure, specifically the features of 
the hexagonal axis, significantly impact the radar 
absorption properties of the material. Trigonal crystal 
formations typically exhibit magnetic anisotropy, 
where the magnet is more prone to rotating in one 
direction compared to the other. This anisotropy 
enhances the radar's ability to absorb 
electromagnetic waves at specific frequencies. This 
material possesses superior radar absorption 
characteristics due to its unique combination of 
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materials, which also enables it to effectively support 
magnetic resonance modes. 
 

Table 1. Crystal parameters Iron sand and Nickel Oxide for 
sample composition (4:1) 

 
 

Through XRD tests, the crystal structure of the 
material has a big influence on microwave 
absorption. 

 

4. Conclusion  

This study demonstrates that the combination of 
iron sand and nickel oxide is synthesized via a solid-
state reaction technique, resulting in the formation of 
a homogeneous material. The band x-ray diffraction 
pattern data indicates the presence of hematite and 
nickel. Observations conducted using a Vector 
Network Analyzer (VNA) indicate that Fe2O3 and NiO 
have the capability to effectively absorb microwaves, 
as seen by their high Fe and O curves. 
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