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Rare earth metals are associated minerals that are magnetic used as the main 
component in providing power to most electronic devices. Rare earth metal 
(REM) as a material that has 14 chemical elements. These elements are grouped 
according to their molecular weight, namely light rare earth metals (Ce, Pr, Nd, 
Pm, Sm, Eu) and heavy rare earth metals (Gd, Tb, Dy, Ho, Tr, Tm, Yb, Lu) . The use 
of this REM includes electric cars, health identification devices, LCDs and 
computer hardware. From some of the benefits and contents of REM, its 
development is not only in the industrial world but also in the world of defense, 
one of which is as a battery for motorized vehicles developed by the ministry of 
defense (Electric Tactical Motor Bike) that uses lithium batteries as a source of 
electrical energy. However, the use of lithium batteries which have shortcomings 
in terms of charging makes lithium batteries look for other alternatives so that 
they can be charged optimally, one of which is using REM. REM is one type of 
material that can be utilized optimally, given its ability to produce electrical 
energy that can replace lithium batteries. 
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INTRODUCTION 

Rare earth metal is one type of material that is being developed to be used en masse. The 
potential that exists in Indonesia is found in several areas, including South Bangka and North 
Sumatra. From these two areas, rare earth elements as co-minerals are found in the main 
commodities, especially alluvial gold and tin, which can be cultivated as by-products that can add 
value to all mineral potentials (Rohmana & Gunradi, 2006). The potential for alluvial gold deposits is 
relatively abundant and can be spread over several large islands of Indonesia (Aryanto & Widodo, 
2008). Seeing this condition, the development was carried out by the ministry of defense in 
collaboration with PT LEN (Lembaga Elektroteknika Nasional) by making electric motors which was 
named the Electric Tactical Motor Bike (ETMB). This vehicle has been mass-produced for the 
purposes of troops in reaching hard-to-reach areas. This vehicle uses a lithium-ion with a charging 
time of 1.5 – 3.4 hours to be able to fully charge the battery (Widhiyatna et al., 2006). The duration 
of this battery charging has an impact on the mobilization of troops if needed suddenly, so further 
studies are needed to be able to find alternative charging so that the battery can be charged quickly 
(Djunaedi & Putra, 2006; Gunradi & Djunaedi, 2003) 

Kementerian Pertahanan RI (Kemhan) is developing an electric vehicle in the form of a 
military motorcycle called a tactical electric motorcycle. The military electric motor, which is still in 
the prototype stage, was developed by Eltran Indonesia, a subsidiary of Len Industri (Kemhan, 2022). 
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Figure 1 is the shape of an electric motorbike that has a fast charging function of 1200 A and can be 
used for a distance of 80 kilometers. However, one of the problems with this car is that it takes a long 
time to charge, which requires a charger that can charge quickly so that it can be used in emergency 
situations. 

 

 
Figure 1. Electric Tactical Motor Bike 

 
This motorbike already has two variations, namely the Type s and Type R variations. Both 

have specifications that are not much different. Table 1 is the similarity of the two types of motors 
developed, however, they still have different specifications in terms of gearbox, battery pack and 
charging duration which can be seen in Table 2.  

 
Table 1. Similarity of the E-Tactical Motorcycle - Type S and Type R 

 E-Tactical Motor Bike – Type S E-Tactical Motor Bike – Type R 
Flow Control Electric power control Electric power control 
Cell Battery Li-Ion Li-Ion 
Battery IP 65 65 
Charger Input 180-264 VAC 50Hz; Output 

84 VDC ± 1% max A = 12 Ampere 
Input 180-264 VAC 50Hz; Output 
84 VDC ± 1% max A = 12 Ampere 

Fast Charger 
(Optimal) 0-
80% 

1 hour 30 minutes – 3000 Watt 
(A=35 Ampere) 

1 hour 30 minutes – 3000 Watt 
(A=35 Ampere) 

 
Table 2. Specifications of the Electric Tactical Motor Bike obtained by the 

Ministry of Defense Balitbang at the Indo Defense 2022 event. 
 E-Tactical Motor Bike – Type S E-Tactical Motor Bike – Type R 
Gearbox There isn't  There is 
Battery Pack 72V 40Ah 72V 50Ah 
Normal 
charging 

3.4 hours – 1000 Watt 4 hours – 3000 Watt 

 
In Table 2, it is known that what is used is lithium batteries, but the availability of lithium 

batteries is currently decreasing even though in Indonesia itself the availability of lithium batteries 
is very large, but of course other alternatives are needed that can be used if the reserves of lithium 
batteries are getting less at a time. So, one of them is to examine the ability of zircon batteries which 
are quite abundant in Indonesia as an alternative to lithium batteries (Aryanto 2022). An assessment 
of the utilization of REM is needed, one of which is to see the opportunity to turn it into a battery. 
One type of mineral that can be utilized for electricity is zircon. The availability of zircon as a mineral 
containing rare earth metals in nature reaches 58 percent, so it is unfortunate if it has not been widely 
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utilized (Tain et al., 2003). Therefore, it is necessary to re-test zircon batteries so that they can be 
utilized as batteries that can be used by electric vehicles, especially Tactical Electric Motors. 

METHOD 

This research uses the literature review method, both national and international about zircon 
batteries. The stages of making this journal begin with looking for problems that will be raised then 
looking for references that will be used to make this journal. The principle used in this research is to 
explore the existence of zircon in Indonesia based on previous journals which can later be used as a 
reference in finding zircon materials in Indonesia. The selection of zircon minerals because this 
mineral is a mineral that has better electrolyte power and the material is widely available in 
Indonesia, so to replace lithium batteries this mineral can be an alternative. In addition, I also 
conducted interviews with competent sources in the field of Electric Tactical Motor Bike as a 
supporter of the ability of the zircon material that I used in this study. 

RESULTS AND DISCUSSION 

REM Potential in Indonesia 
Rare earth metal is one type of material that is being developed to be used en masse. The 

potential that exists in Indonesia is found in several areas, including South Bangka and North 
Sumatra. From these two areas, rare earth elements as co-minerals are found in the main 
commodities, especially alluvial gold and tin, which can be cultivated as by-products that can add 
value to all mineral potentials. The potential for alluvial gold deposits is relatively abundant and can 
be spread over several large islands of Indonesia .  

Properties of Rare Earth Metals (REM) is a group of lanthanides which are group 111B 
transition metals in the periodic table. The lanthanide group consists of 15 elements, ranging from 
lanthanum (atomic number 57) to lutetium (atomic number 71) and three other elements namely 
yttrium, thorium and scandium. The inclusion of yttrium, thorium, and scandium in the rare earth 
group because of their similar properties. Rare earth elements are highly reactive with water and 
oxygen, they form stable compounds under oxidizing conditions, they have relatively high melting 
points and are good conductors of heat (Suprapto, 2008). 

The types of minerals present in rare earths are more than 100, and 14 of them have high oxide 
content. Of the 100 types, they are grouped into several types of minerals including carbonate, 
phosphate, fluoride, silicate and oxide minerals. As for the metallic minerals, they are bastnaesite 
(CeFCO3), monazite ((Ce, La, Y, Th)PO3), Xenotim (YPO4), and Zircon. Rare earth metals are 
irreplaceable (Kok et al., 2019). The reason for this is the very unique properties of rare earth metals, 
which have not been replaced by other materials. If anything, the yield potential is not as good as that 
of rare earth materials. The nature of rare earth metals that are used as high-tech materials and have 
no substitute materials make rare earth metals an important material and have strategic potential. 
Rare earth elements are found in low concentrations (10 – 300 ppm) in many rock formations 
(Setiady et al., 2008). A greater number of rare elements are found in granite rocks than in alkaline 
rocks. High concentrations of rare earth elements are found in alkaline and carbonate igneous rocks. 

Figure 2 and 3 is a mine of rare minerals that grow in Indonesia, which are often found in 
Kalimantan, especially West Kalimantan. Rare earth deposits in South Kalimantan are associated 
with uranium deposits. Zircon in Kalimantan as a by-product of alluvial gold deposits. Rare gray 
minerals commonly occur in tin generation in the form of monazite, xenotime, and zircon, which 
accumulate as byproducts of tin processing during gravity, magnetic, and electrostatic processing. 
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Figure 2. Zircon mining in gold mine tailings, Central Kalimantan 
(Rohmana & Gunradi, 2006) 

 

 
Figure 3. Results of mining and processing gold and zircon at the Katingan gold mine,  

West Kalimantan (Djunaedi & Sukaesih, 2007) 
 

The Geological Resource Center balance sheet (2007) recorded monazite ore reserves of 
185,992 tons. This potential exists in the main tin producing areas, including Bangka, Belitung, 
Kundur and Kampar (Djunaedi & Sukaesih, 2007). Meanwhile, recent developments will increase the 
discovery of monazite resources with intensive exploration activities. Apart from being produced in 
alluvial and gold ores, rare minerals are also found in uranium ores. Uranium ore in Rirang, West 
Kalimantan is mined from the upper, middle and lower valleys of Rirang. Figure 4 is the mining 
results obtained in West Kalimantan which contain elements in Rirang ore that have potential 
economic value, namely uranium (U) 8528.75 ppm, rare earth elements (UTJO3) 60.85%, phosphate 
(PO4) 32.84 n thorium (Th) 861.5 ppm which produces uranium in the amount of 178.43 tons per 
year (Erni et al., 2004). 
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Figure 4. Gold and zircon, magnification ± 30x, Katingan, South Kalimantan  

(Rohmana & Gunradi, 2006). 
 

Zircon Battery 
Rare earth metals (REM) are being targeted by many countries around the world. The reason 

is, these mineral resources can be used to produce various types of technology (Haxel et al., 2005). 
According to a report from the Center for Mineral, Coal and Geothermal Resources (PSDMBP) of the 
Geological Agency of the Ministry of Energy and Mineral Resources, LTJ can be used to support the 
production of lighting technology, computers, cell phones, to automotive components and electric 
car batteries (Firman & Haya., 2021). Indonesia itself has the potential for rare earth metal wealth 
which is spread in various regions. Citing data from the Ministry of Energy and Mineral Resources, 
the largest LTJ potential is in the Bangka Belitung Islands, reaching 207,397 tons with details of 
186,663 tons in the form of monazite and 20,734 tons of senotim (Drossel et al., 2015). There is also 
19,917 tons of LTJ potential in North Sumatra, then 443 tons of laterite LTJ in Central Sulawesi and 
219 tons in West Kalimantan. The Director General of Mining and Coal at the Ministry of Energy and 
Mineral Resources, Ridwan Jamoluddin, said that the use of rare earth metals in Indonesia is 
currently in the research stage(Said et al., 2017). Although it is still in the exploration stage, it is 
necessary to study the use of REM, one of which is by looking at opportunities to turn it into a battery. 
One type of mineral that can be used for electricity is zircon (Jowitt et al., 2018). The availability of 
zircon as a mineral containing rare earth metals in nature reaches 58 percent, so it is unfortunate if 
it has not been widely used. one of them is to see an opportunity to make it a battery. One type of 
mineral that can be used for electricity is zircon. The availability of zircon as a mineral containing 
rare earth metals in nature reaches 58 percent, so it is unfortunate if it has not been widely used. 
Figure 5 is a zircon battery that has been developed by UNS students on a small scale of use. 

 

 
Figure 5. Zircon battery made by UNS students 

(Source: Adit, 2022) 
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The use of rare earth metals will open Indonesia to the acquisition and development of 
technology, particularly electronic technology (Adit, 2022; Redaksi, 2008). To improve the quality of 
Indonesia's metallurgical industry, increase the many benefits that Indonesia derives from the 
processing of rare earth metals, and especially encourage industrial development (Prameswara et 
al., 2019). The huge potential of this rare earth metal is very beneficial if Indonesia participates in its 
development. In addition, rare earth mineral sands as a source of rare earth metals (some of which 
are only used as waste in tin mines), or earth sands for stockpiling tin root areas are not considered 
for their rare earth mineral content. The uses of rare earths vary widely in industry (Suharji & 
Sumama, 2006). 

CONCLUSION 

The identification of potential zircon (ZrSiO₄) in Indonesia as a source of rare earth metals 
(REMs) could play a significant role in advancing the development of electric tactical motorcycle 
batteries. Rare earth metals, which include both light and heavy elements, are essential components 
in various technologies, including electric vehicles and defense-related applications. While lithium 
batteries are commonly used, they have limitations in terms of charging efficiency. Rare earth 
minerals in Indonesia are currently produced as by-products of mining activities, leading to their 
underutilization.  

This has sparked further research and exploration efforts aimed at achieving energy 
independence and transitioning to a zero-fossil energy future in Indonesia. One promising area of 
development is zircon-based batteries, which have the potential to replace lithium batteries. 
Therefore, REMs present a promising alternative due to their ability to generate electrical energy 
more effectively. By exploring and utilizing REMs from zircon deposits in Indonesia, there is potential 
to enhance battery performance and support the development of advanced electric vehicles, 
including those used in defense. 
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