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INTRODUCTION

Graphite is a typical natural form of carbon (C) element. Its unique properties make it a suitable
candidate for a broad range of applications such as in the production of innovative energy storage and
conversion systems, including modern lithium-ion batteries (LIB). The latter has resulted in the mineral
being one of the most in-demand materials for energy technologies by 2050!. As a result, graphite is
defined as a critical raw material by major economies such as the European Union, United States of
America, Japan, and Australia due to its potential geopolitical supply risks and the importance of the
renewable energy transition2. Currently, China is the largest producer of graphite and accounts for ~80
% of the world's graphite supply (2021 production), followed by Mozambique and Brazil®. Due to the
increasing demand for graphite, especially for high-tech applications such as LIB, a possible shortage of
graphite is to be expected. The resulting mismatch between supply and demand is likely to be a global
challenge in the future. Therefore, new graphite mine developments and innovative mining and
processing methods of natural graphite are crucial. Turkey could become a key player in the supply of
graphite as it hosts the world’s largest graphite reserves at 90 Mt, accounting for 35 % of global reserves3.
Despite the known enormous graphite resources in Turkey, its current production is low. In 2021 Turkey
contributed only 0.27% to global graphite production?. In this study, a preliminary assessment is made
of natural graphite resources in Turkey, their potential to be mined and mineral processing options.

METHODOLOGY
Every graphite mine site requires detailed assessment of its resources, ore characteristics, and its own

mining and mineral processing design (Figure 1). The individual processing steps depend on the
graphite type, ore properties and the required concentrate qualities, such as carbon content.
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Fiqure 1. Aspects of graphite resource assessment and value chain.
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Several graphite deposits have been identified in Turkey (Figure 2). The Kiitahya-Oysu graphite mine
is the only producer of natural graphite in Turkey, which is located in the southern part of the Kiitahya
district. In addition to the Oysu deposit, other deposits are also known*. Even though many Turkish
graphite occurrences are known, our understanding of Turkish graphite resources is limited. In future,
any development of Turkish graphite deposits will require resource evaluations based on a sound
knowledge of ore properties, and the selection of ore-specific mining and processing methods. Graphite
ores possess graphite phases of different particle sizes and size distributions, and with variable
impurities. Consequently, graphite ores have been categorised into vein, flake and microcrystalline
graphite types. The characteristics and properties of the graphite ores are economically important
factors, because they relate to market applications and product price’. Thus, fundamental ore
parameters need to be assessed rigorously with any graphite resource evaluation. To date, graphite ore
properties are assessed using well-established characterisation methods, such as optical microscopy
(OM), X-ray diffraction (XRD), and scanning electron microscopy (SEM). However, these techniques do
not allow for an understanding of the three-dimensional (3D) distribution of graphite among gangue
phases. Industrial computed tomography (CT) is a newly established, non-destructive X-ray
computerised method for studying multicomponent materials and construction in a 3D regime. It is
currently the only method that allows the observation and analysis of internal and external
microstructures of objects without sample preparation, and without strong limitations on the size and
shape of the objects studied. Recent research demonstrates that innovative non-destructive CT can be
used for investigating flake graphite ores in a 3D regime ¢. Thus, CT scanning of graphite ore may be a
promising method to better understand the properties of graphite ores.
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Fiqure 2. Distribution of graphite deposits in Turkey and their relation to the geological setting (modified
after?).
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Flake and amorphous graphite is generally mined worldwide using conventional open pit and
underground mining methods; whereas gangue graphite is currently mined exclusively underground’.
Innovative (digital technology, remote control, etc.) mining and strata control methods are needed,
particularly for safe and efficient underground production of high-quality deep graphite deposits. To
produce high-quality graphite concentrates and to manufacture graphite products, processing flow
charts are adapted to the respective properties of the mined graphite ores.

CONCLUSION

Natural graphite resources in Turkey can be an important supply candidate for future demand of this
critical raw material. Any development of Turkish graphite deposits requires resource evaluations
based on a sound knowledge of ore properties and the selection of ore-specific mining and processing
methods within an interdisciplinary approach. The usage of innovative laboratory methods combined
with innovative mining and processing techniques will allow a sustainable and efficient production of
graphite in Turkey and other parts of the world where graphite deposits with economic potential exist.
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