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ABSTRACT
Coal stands as the most plentiful and extensively found fossil fuel. Thanks to advanced methods,

it can be extracted, moved, and stored efficiently and economically. The global trade of coal is

experiencing consistent growth, accompanied by intense competition regarding supply and

pricing. Nevertheless, the future commercial viability of coal hinges on its environmental

sustainability, particularly on the ability of the power generation sector to minimize sulfur and

other harmful emissions. This research examines the extraction methods employed at the Tarcha

coal deposit located in Tercha Zuria Wereda, Southern Ethiopia. It utilizes a wet extraction

technique to evaluate flotation responses and optimize key factors such as yield percentage and

ash content. The primary goal of the study is to enhance the quality of coal by refining flotation

processes and minimizing impurities. Laboratory experiments are conducted with varying

particle sizes and different ratios of collector to frother in the froth flotation process. The results

indicate that the highest coal recovery yields are achieved at a collector-to-frother ratio of 8:4,

while also assessing how these variables affect ash content. The data reveal a clear trend of

increasing ash content as particle size decreases, highlighting the importance of maintaining

specific parameter ranges to optimize yield. Ultimately, this project offers valuable insights that

could support local mining operations, particularly the ET-Mining Development Company,

which is actively involved in job creation and community development initiatives. The outcomes

of this study may also aid Ethiopia in meeting its domestic coal needs, potentially decreasing its

dependence on imported coal as the nation advances its coal resource development.

Keywords:- Froth flotation, Particle size, Ash content, Coal deposit, Collector, Frother
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CHAPTER ONE

1. BACKGROUND OF THE STUDY
1.1 Introduction
The research area is situated within the Dawro Zone of the Southwest Region, including the town

of Tarcha and its adjacent regions. Its geographic coordinates span from 7°10′0″N to 7°11′0″N in

latitude and from 37°13′0″E to 37°14′0″E in longitude. This area is approximately 507

kilometers away from Addis Ababa and is accessible via the asphalt road connecting Addis

Ababa to Jimma, which leads to Tarcha Road. The location is illustrated in Figure 1 (Girma and

Teshome 2023).

Figure 1 : Location Map of Tercha Coal Mine [36]

Tarcha coal exhibits a light dark color, as illustrated in figure 2, figure 3, and is generally found

at the lower sections of slopes, where its strength is comparatively diminished. The coal unit is

overlain by trachyte flow, and the study area of the coal quarry sites reveals the presence of

vertical and sub-vertical fractures, as well as lamination and bedding within the coal seam.

Figure 2 : Tarcha Coal Lithological units & layers Figure 3 : , Tarcha coal open-pit mining site

Tercha
ተርጫ
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Coal is the most abundant and extensively used reactionary energy. Its extraction, transportation,

and storage can be conducted cost-effectively and efficiently through modern techniques. The

market for coal is characterized by intense competition regarding supply and pricing, and the

global coal trade is experiencing rapid growth(Upgupta and Singh 2018). Nevertheless, the

future commercial development of coal will largely hinge on its environmental acceptability,

particularly the ability of the power generation sector to mitigate sulfur and other harmful

emissions. Although emissions have been significantly reduced due to the adoption of low-sulfur

coals and the implementation of advanced flue gas desulfurization technologies in conventional

power plants, there remains limited potential for further improvement (Demirbas 2007). The

process of coal conformation varies slightly across different regions, told by the specific foliage

and environmental conditions, yet the beginning medium remains the same. Coal formation

occurs in two main phases: peatification and coalification. Peatification is primarily driven by

bacterial activity, while coalification is influenced by the increased temperature and pressure

resulting from the burial of organic matter.Vegetation in marshes and wetlands, including ferns,

shrubs, vines, trees, and algae, eventually dies and collects on the surface. At first, this organic

material is broken down by bacteria, producing carbon dioxide and methane. As the factory

matter becomes buried, it's shielded from the air. This process of burial and accumulation can

take place over time(Shan, Varbanov, and Pan 2014).

Figure 4 : Coal Process of Transformation ( Alpern and DeSousa, 2002)
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Coal is one of the primary energy sources globally. This black fuel was first discovered in China

around 1500 BC, marking its inaugural use in human history(Zhao et al. 2008). The extensive

use of coal resources and large-scale extraction did not become a global phenomenon until the

Industrial Revolution in the 18th and 19th centuries. During this period of technological

advancement, coal emerged as the main fuel source for emerging industries. Consequently, the

coal market experienced substantial growth, which has continued over time, albeit with

occasional minor disruptions (Chandran Govindaraju and Tang 2013).

It continues to play a crucial role in the global energy landscape. As of 2015, it represented 41%

of global electricity generation, 29% of primary energy consumption worldwide, and 44% of

industrial output on a global scale(Wang et al. 2016). In the coming two decades, coal is

expected to maintain its significance owing to its affordability and extensive accessibility (Bian

et al. 2017).

Ethiopia's coal reserves are estimated to be approximately 300 million tons, with a broad

distribution across various regions. Notable locales include the northern Chilga receptacle, the

southwestern areas of Delbi-Moye, Yayo(comprising Wittete, Achibo, Sombo, Dabaso, and

Kumbabe), as well as the Nejo and Arjo basins, and the central Ethiopian table, which features

the Mush vale and Wuchale receptacle. still, despite the substantial vacuity of coal, it's marked

by significant contaminations, including elevated situations of ash and sulfur, along with a

veritably low carbon content and spicy values that align with ASTM-D-388 norms and the

degree of metamorphism(Usman et al. 2022a).

At present, small-scale producers fulfill 66% of the coal requirements for the cement industry,

which is the primary consumer. Effective coal mining allows the nation to replace substantial

quantities of imported coal, leading to a decrease in significant foreign currency expenditures.

Domestic coal production not only results in cost savings and job creation but also facilitates

more efficient transportation and diminishes dependence on imports. This, in turn, helps to

conserve valuable foreign currency and provides the country with a competitive

advantage(Ahmed 2016).
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Throughout thousands of years, several meters of partially decomposed plant material, referred

to as peat, have accumulated. The deep burial of this peat leads to the expulsion of water and

various chemicals due to increasing pressure, resulting in the formation of lignite, which is

considered the lowest grade of coal.

As burial continues, the temperature and pressure increase, transforming this low-quality lignite

into higher-quality "Black Coals." Initially, lignite is converted into sub-bituminous coal,

followed by the production of bituminous coal as the next stage in this process.(Ristinen and

Kraushaar 2006). The highest quality anthracite coal follows. Due to these transformations, the

coal becomes denser and has reduced moisture and chemical content, leading to an increased

carbon concentration.

Low-grade coals present challenges in terms of cleaning due to their low washability, rendering

them less effective with contemporary coal beneficiation techniques. Over the past few decades,

there has been a noticeable shift in preference for low-grade coal, particularly in countries such

as China, India, and the United States.. (Ryberg et al. 2015).

The characteristics of low-grade coals vary based on their geographical origin, as they do not

possess uniform traits. Unlike high-grade coals, the use of low-grade coals in industrial

applications is often discouraged due to various issues, such as their low carbon content and the

presence of substantial mineral impurities that contribute to ash formation(Dash et al. 2015).

Although Ethiopia possesses coal resources, it currently relies on imports of processed coal from

countries such as South Africa. The cement factories in Ethiopia utilize this imported coal, but

Ethiopian-Mining Development Company aims to replace over 75% of these imports with

locally sourced processed coal.

With a production capacity of 150 tons per hour of refined coal and 3,600 tons per day of coal

products, the potential impact of this project is substantial. The findings and results will

significantly aid the country in meeting its internal coal demand while Also enhancing the

company's profitability. Furthermore, the company is committed in financing activities of social
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Responsibility, having supported community development initiatives by constructing two health

centers and a school, which collectively generated over 300 jobs during the construction phase.

Additionally, the factory has created approximately 400 jobs for residents. This project not only

provides new insights into coal recovery and grading but also indirectly supports both the nation

and the local communities surrounding the Tarcha Coal mine.

The mudstone-coal-shale and sandstone-coal-shale facies represent the most favorable coal

reserves. While Ethiopia possesses coal coffers, it's essential to estimate the most effective birth

styles for unborn application. Among the various techniques in mineral processing, froth

flotation stands out as a widely used separation method . This article investigates the extraction

processes employed in a low-grade coal mine situated in Tercha Zuria Wereda, focusing on the

wet extraction method. The study highlights the considerable financial advantages that can be

achieved by optimizing various existing operations.

1.2 Statement Problem
Lack of effective Coal processing plants and latest equipments for flotation processes poses

major obstacles in coal benefication in Ethiopia. The majority of the coal mines in our nation

produce low-quality coal(Wolela 2007), therefore it would be wise to boost demand for

processing low-grade coal to raise its grade by employing the froth flotation method right once.

To improve the coal grade and recovery, this study used froth flotation techniques to determine

the flotation response of the Tarcha coal deposit and search for new possibilities.

1.3 Objectives of the study
1.3.1 General objective:-
The general objective of this research is upgrading low grade Tarcha Coal through flotation, to

identify flotation response & to indicate the optimized characterization result of the Tarcha coal

deposit in terms of percentage of yield and ash content.

1.3.2 Specific objectives
 To Investigate the property of the coal after floatation

 To optimize the coal property in terms of yield percentage and ash content

 To improve the flotation of coal particles which have a more hydrophilic behavior during

the coal beneficiation process.

 To enhance the quality of the coal by lowering contaminants.
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1.4 Significance and Limitation of the study

In the Omo-Gibe River basin located in southern Ethiopia, the Tarcha coal deposit is currently

being extracted through open-pit mining methods to harness energy resources. This deposit lies

beneath the Omo Trachyte flow. Nonetheless, the mines are facing significant challenges related

to slope instability.(Abebay et al. 2024a). Numerous mining companies and researchers have

employed a range of mitigation strategies and laboratory analysis initiatives to tackle the

challenges posed by open-pit coal mine quarries and to enhance stability at mining locations.

Nevertheless, the issue continues to exist, presenting significant risks to mining operations in the

region. The instability of the Tarcha coal deposit has been attributed to factors such as soil

saturation and the height and angle of the open-pit coal mines. To address these challenges,

several mitigation strategies have been employed, including geometric modifications such as

lowering the slope angle, reducing the height of the slopes, and incorporating benching

techniques, all of which are believed to enhance slope stability considerably. Despite all those

efforts has been made the wide discovery in enhancing the coal quality is not practiced.

Employing froth flotation techniques will serve as a mechanism to effectively capitalize on the

opportunity. The outcomes of the project will be utilized to enhance profitability in terms of both

Recovery (yield quantity) and Coal quality (grade). Experimental evidence indicates that

alterations in coal particle size and impeller speed in laboratory settings can lead to substantial

variations in the flotation process results(Abebay et al. 2024b).

The outcomes of this project will be significant and beneficial for several major mining

companies operating in the Tarcha Coal mining region. A prime example is the Ethiopian-

Mining Development Company, which is actively involved in coal extraction within the Dawero

Zone of Tarcha Zuria Wereda. Working to replace imported coal demand.

1.5 Scope of the Study

This project’s Scope or boundary is bounded in laboratory work space and operates focused on

bringing breaking findings in Tarcha coal minerals characterization & froth flotation of this

sample to bring about improvements in terms of ash content & yield amount (Recovery).
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1.6 Outline of the project

This study focuses on the extraction and characterization of coal from the Tercha Zuria wereda

Southern Ethiopia and the subsequent chapters address this topic in detail.

Chapter 1: Provides an introduction, Location of Tarcha Coal mine and discusses the natural

formation of coal, and outlines the coal deposits available in Ethiopia. It also includes a problem

statement, objectives, significance, and the scope of the research.

Chapter 2 : Geology of the study area with detailed Lithological and Soil description.

Chapter 3 : Presents a comprehensive literature review, which includes an analysis of existing

gaps in the current knowledge.

Chapter 4 : Chemical reagents, lab instruments used as well as the raw materials and method of

data collection discussed in detail.

Chapter 5 : the results were discussed thoroughly.

Chapter 6 : Conclusion and recommendation were forwarded.
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CHAPTER TWO

2. GEOLOGY

2.1 Regional geology

The Ethiopian physiography comprises expansive plateaus in the northwest and southeast, the
main Ethiopian Rift Valley, and the Afar Depression (Tefera M., Chernet T., Haro W.,Teshome
N., Woldie K., and Sarvéy Y.1996). Along the margin of the southwestern Ethiopian Plateau, the
main Ethiopian Rift hosts a thick pile of flood basalts with alkaline to tholeiitic affinities and
minor rhyolites, which were deposited from the Eocene to the Middle Miocene (Woldegabriel
G., Aronson J. L., and Walter R. C.,1990).

According to Wolela (Wolela A.,2007), the Dilbi-Moye and Gojeb-Chida Basins and other
minor grabens on the southwestern plateau, which contain coal and oil shale deposits, formed in
relation to the structural evolution of the western branch of the African rift system. The grabens
were likely governed by the NNE‒SSW/NS trending Ashange rift, the northern continuation of
the western rift (Wolela A.,2007). The sediment on the lower basalt, dated to 30.45 MPa,
unconformably overlies the sediment on the upper on of the basin includes a Precbasalt at
10.98 MPa (Wolela A.,2007).

The Jimma map sheet displays the Tarcha area, characterized by Omo trachyte flows exposed in
the Omo-Gibe River basin valley. This basin extends from Kenya to Ethiopia and is situated
amidst significant rift systems such as the main Ethiopian Rift, the Chew Bahir Rift, and the
Lake Turkana Rift (Davidson A.,1983). The geological compositiambrian crystalline basement,
Tertiary volcanic rocks, Quaternary alluvial sediments, and volcanic flows (Davidson A.,1983).
The Cenozoic rocks in the southwestern Ethiopian area provide evidence of both pre- and postrift
successions. Additionally, the region is predominantly covered by Tertiary lava flows,
pyroclastic flows, pyroclastic fallouts, ash flows, and minor Quaternary ashfalls and alluvial
deposits.

These geological formations form a thick layer of basalt and felsic rocks, with basalt being
dominant in the lower sections. Additionally, there are minor Quaternary ashfalls present in the
area, adding to the geological complexity of the region (Tefera M., Chernet T., Haro
W.,Teshome N., Woldie K., and Sarvéy Y.1996). The Tarcha area is a geologically rich and
diverse landscape with a complex history of volcanic activity and tectonic movements.



9

According to previous studies, this area flow pattern is from the pre-Oligocene age and consists
of lower volcanic flows, Omo trachyte flows, lower basalt flows, lower trachyte flows, and lower
pyroclasts (Tefera M., Chernet T., Haro W.,Teshome N., Woldie K., and Sarvéy Y.1996,
Kazmin V.,1973). The emplacement of middle basalt and trachyte flows may have occurred
during the Oligocene. The initial volcanic activity in the region can be traced back to the
Miocene–Pliocene epoch, as detailed by Feleke (Feleke A.,2021), who offers an insightful
overview of the area lithological composition, encapsulated in the subsequent summary. Lower
basalt and lower trachyte flows are interpreted as older volcanic areas that can be linked to the
Ashanghi Formation. In contrast, the middle and middle trachyte flows are interpreted as fissure
eruptions that can be associated with the Aiba Formation.

Figure 5: Geological map of Tarcha Coal mine area (Workneh Haro et al., 2012)
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2.2 Local geology

Tercha is a subsheet within the Jima map sheet. Geologically, it is covered with trachyte flows,
exposed in the Omo River Valley in the eastern part of the study area. These trachyte flows are
also visible in the Gojeb River Valley near Chebera Churchura National Park, south of Felega
Selam, southwest of the map area, and in the Wuki bro-Gera lowlands, containing coal layers
north of Chida (Takele M. M.,2018).

East of Tercha and west of Gojeb town, the unit is mixed with weathered ignimbrite, showing a
light gray color and medium-grained texture (Takele M. M.,2018). Northwest of Chida, this
lower trachyte flow is intercalated with horizontal, often friable coal beds.

Figure 6: Local geological map of Tarcha Coal mine area (Takele M.M., 2018)



11

The major rock exposures found in the study area are summarized below.

2.2.1 Trachyte

This unit covers the uppermost sections of the coal quarries near the Baccire River. The material
is fine- to medium-grained and massive, appearing light gray when weathered and dark gray
when fresh. Thickness ranges from 2 to 7 m. These coal-bearing sediments are sporadically
distributed, forming horizontal beds, with an overall thickness not exceeding 30 m. Most of the
coal and coal-bearing sediments are surface deposits.

Figure 7: Trachyte unit exposed in the mine site, with light grey color, massive, no fractures,
with fresh and weathered parts and, porphyritic texture(Mengistie, T. M. 2018).

2.2.2 Mudstone

Most sediments in the study area are surface deposits. The mudstone is fine- to medium-grained,
ranging from friable to compact, forming horizontal bedding and generally breaking into small
blocks while exhibiting intercalation with shale. The mudstone found at the bottom of the
geological stratigraphy is highly compacted and exhibits higher strength.

Figure 8: Mudstone exposure with a reddish brown color (due to oxidation of iron) weathered ,
fine to medium grained and highly friable.(Mengistie, T. M. 2018).
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2.2.3 Shale

This unit, intercalated with coal and mudstone, overlays the coal seam and characterized by its
gray color, high friability, and fine-grained texture. It is found above the intercalated coal
ranging in degree of compaction from fissile to compact units, forming horizontal bedding, and
is very susceptible to sliding due to closely spaced fractures.

Figure 9: Shale unit with grey color, fine grained, weathered and fissile (Mengistie,T.M.2018).

2.2.4 Coal ( Tarcha Coal )

The coal found in the study area is characterized by a light dark color and is typically located at
the bottom of slope sections, where it is weaker in strength. Vertical and subvertical fractures,
lamination, and bedding of the coal seam are observed in these quarry sites. It has low strength
and a dull luster, with an average thickness of 3–5 m. Small bands are often observed within the
coal. In each quarry section, the coal is horizontally bedded, but there is a minor dip in the
sedimentary units exposed in the coal mining quarries. The overall thickness of the entire seam is
generally thin, not exceeding 10 m in most cases.

Figure 10: Tarcha Coal rock sample, very lustrous, highly compacted, high strength and
demonstrate sub conchoidal fracture (Mengistie, T. M. 2018).
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2.3 Vertical Logs for Tarcha Coal Quarry

A vertical log section of a coal mine visually depicts the geological formations encountered
during mining operations. Generated after describing the lithologic units and their thickness in
the field, it includes various rock layers such as mudstone, shale, and coal seams, along with
their respective thicknesses and depths exposed. This information is crucial for understanding the
mine geology and structure, aiding in planning mining activities, determining coal reserves
quality and quantity, and designing efficient mining methods.

Figure 11: Lithostratigraphic correlation of stratigraphic sections, section 1, section 2 and
section 3 (Workneh Haro et al., 2012)
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2.4 Comparison of Tarcha coal with other Coal Deposits

Different coal deposits found throughout the world has different physical, chemical, depositional
and value characteristics. This difference has its role in the use and commercial track. To make
relative value of Tarcha coal with other deposits this resource is compared with the Indian
Talchar and Jharia coal , Waterberg South Africa coal and other Ethiopian coals (Delbi-Moye,
Yayu, Gojeb-Chida, Mush, Nejo, Wuchale, Chilga and Lalo-Sapo)

For this comparison calorific value (CV), fixed carbon (FC), ash content, nitrogen and sulfur are
selected because they have vital roles to characterize the coal for utilization and impact on the
coal. The selected results of deposits are the best results to mainly focus on their application and
higher status. Tarcha coal has higher FC than Talcher coal and lower than Jharia Coal but
relatively equivalent with other Ethiopian coals.

The ash value of Tarcha coal is higher than that of Jhaira coal and relatively lower than the
Talchar coal. The CV of Tarcha coal is higher than Talchar and other Ethiopian coals but lower
than Waterberg coal. The Talchar and Waterbeg coals are used for power plant project (Kumar et
al., 2015; Makgato and Chirwa, 2017).

Tarcha coal samples have equivalent sulfur content with Indian Talchar coal but higher sulfur
content relative to other Ethiopian coals. The great issue comes as the value of sulfur increases,
the quality of the coal decreases and increasing the hazard. Tarcha coal has higher sulfur content
than those of Gojeb-Chida and Moye coals, however, the difference is not that much. According
to Wolela (2007) Yayu coal can be gasified to produce chemical fertilizers as its volatile matter
and nitrogen amount is very good with high calorific value. The general increases and decrease
of one parameter does not verify the other in parallel way hence coal is a very complex rock.

Table 1: Local Coal resource ultimate analysis (%) and calorific value (Kcal/Kg) results
comparison. (Tarcha result (present study); other results (Wolela Ahmed, 2008).
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Table 2: Local Coal resource proximate analysis results (%) comparison and calorific value
(Kcal/Kg). (Tarcha result (present study); other results (Wolela Ahmed, 2008).

Figure 12: Ash content, fixed carbon (FC), calorific value (CV) and sulfur value comparison
trend of Ethiopian coals. Ash, sulfur and FC values are in % and CV in MJ/Kg.(Wolela Ahmed,
2008).
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CHAPTER THREE

3. REVIEW OF RELATED LITERATURE
3.1 Formation and usage of Coal
Coal is heterogeneous, consisting of carbonaceous matter (that is burned for energy) and volatile

and mineral matter (that forms the impurities)(Anon 2015). Beneficiation, also known as

cleaning, is essential for eliminating contaminants to ensure that coal complies with quality

standards. The quality of the product is assessed using several parameters, including calorific

value, ash content, sulfur levels, moisture, and the presence of fine particles. Additionally, two

key parameters evaluate the efficiency of a specific beneficiation process: Equal Particle

Misplacement (EPM) and the designated cut-point density. EPM acts as an indicator of how

effectively coal can be differentiated from its impurities. The cut-point density refers to the

density at which it is expected that 50% of the particles will be effectively separated.

It is essentially a combination of organic and inorganic materials that, over geological periods,

transforms into a fuel characterized by a relatively high energy density through a process referred

to as coalification. As coalification progresses, the energy density, or rank, of the coal rises,

accounting for the considerable differences in coal quality observed worldwide. When possible,

extracted coal is processed using physical beneficiation techniques to decrease the content of

inorganic materials, which in turn improves energy density and lowers the presence of impurities

in the fuel. This approach is mainly relevant for higher-ranking coals(Schweinfurth 2009).

Coal has been utilized by humans for an extensive period, leading to a comprehensive

understanding of its properties. Its efficiency as a source of heat and the range of byproducts that

can be produced from it are well acknowledged. However, a detailed examination of coal's

intrinsic qualities, especially its mineral composition beyond sulfur and iron, has only been

conducted in recent years(Deposited and Graphene 2019). Coal preparation, commonly known

as washing, cleaning, processing, or beneficiation, involves the physical removal of unwanted

impurities from coal to satisfy the specifications of various coal markets. This fossil fuel is

primarily utilized for electricity generation, contributing to more than 39 percent of global
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Energy production. Additionally, substantial quantities of coal are employed in metallurgical

processes, cement production, gasification, and other applications. Furthermore, coal serves as a

Precursor for activated carbon and a range of industrial chemicals (Reddy Ulavapalli et al. 2024).

Beneficiation is essential for enhancing the quality of high-ash coals to fully realize their

potential. At present, the wet beneficiation method is the most widely used technique for coal

purification around the world (Dwari and Rao 2007).

3.2 Extraction techniques

Coal beneficiation has been utilized globally for over a hundred years and is generally

categorized into two main types: wet beneficiation processes and dry beneficiation processes.

Traditionally, wet beneficiation methods have been considered more effective than their dry

counterparts.

Wet coal preparation involves the extraction of coal using a suspension, heavy liquid, or water,

while dry coal preparation refers to methods conducted in an air environment. Both wet and dry

coal preparation represent different strategies for coal cleaning, employing various techniques

and procedures aimed at removing impurities from the coal(Xing, Gui, et al. 2017).

3.2.1 Dry Coal Preparation

Dry coal cleaning technologies include air-jigging (Gouri Charan et al. 2011), air-table(Anon

2019), FGX separator, and Reflux Classifier(Anon 2019). These methods offer effective

solutions for the dry cleaning of coal. Nevertheless, when compared to wet cleaning techniques,

the separation efficiency of these dry technologies tends to be relatively low in industrial

applications.

Dry coal preparation, as the term suggests, refers to the method of cleansing coal of

contaminants without utilizing water. This technique is particularly effective in conditions where

coal is dry or water resources are limited. The advantages of dry coal preparation include

reduced water consumption, lower operational expenses, and potential environmental benefits, as

it eliminates the necessity for water treatment and disposal. Nevertheless, it may require a higher

energy input for the separation processes when compared to wet coal preparation (Saga et al.

2015).
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 Critical Steps of the Dry Coal Preparation Process

Crushing: Raw coal is fragmented into smaller particles. This crushing process facilitates the

handling and transportation of coal, while also potentially enhancing the effectiveness of

cleaning and beneficiation methods. By reducing the coal's size to a more manageable form and

increasing its surface area, crushing can improve the efficiency of subsequent operations such as

combustion, briquette production, and mineral extraction (Matusiak et al. 2021).

Screening: The crushed coal undergoes a sorting process to categorize it into different size

classifications and remove larger impurities. Upon extraction from the earth, coal typically

contains various contaminants, including rocks, debris, and other materials, necessitating the

processes of crushing and screening. Screening machinery is employed to divide the coal into

distinct sizes and grades, thereby ensuring that only premium-quality coal is processed and

transported(Polat, Polat, and Chander 2003).

Air Dense Medium Fluidized Bed (ADMFB) Separation: Dry coal preparation often employs

an ADMFB separator, a specialized device that uses air as the medium for separation instead of

water. In this method, coal particles are suspended in an upward-moving stream of air,

facilitating separation according to differences in density. The lighter coal particles ascend, while

the heavier impurities settle at the bottom.(Fu et al. 2019).

Given that the ADMFB operates as a physical and gravity-driven process, a comprehensive

understanding of the uniformity and stability of the fluidized bed density is crucial for its

implementation. This knowledge is particularly significant for enhancing the efficiency and

precision of dry coal separation (Firdaus et al. 2012). The viscosity of a fluidized bed is

characterized by the mass of solid patches contained within a unit volume of the suspense, and

it's significantly told by the hydrodynamic geste of the gas-solid fluidization system. generally,

the ADMFB functions within the washing fluidization governance, which is marked by the

presence of thrusting gas bubbles and the movement of patches propelled by the gas inflow.

Dry Densiometric Separation: Utilizes variations in density to distinguish coal from

contaminants, employing air rather than water as the fluidizing agent. This technique, referred to
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As dry gravity separation, is becoming increasingly favored as a substitute for conventional wet

methods, owing to its potential for enhanced efficiency and diminished environmental

consequences (Oshitani et al. 2016). Dry densiometric separation is a method utilized in the

production of dry coal, relying on differences in the densities of coal and its impurities. This

technique involves the application of an air stream that varies in both velocity and direction to

the coal and impurities. As a result, contaminants and denser particles are effectively separated

from the lighter coal particles.

3.2.2 Wet Coal Extraction

The method of wet coal extraction, commonly known as coal washing, employs water along with

various mechanical and chemical techniques to eliminate impurities from coal. This technique,

which utilizes water, resuspension liquids, or alternative liquids as the medium for separation, is

termed wet coal extraction. Although it is widely adopted, this method is characterized by its

significant water consumption(Liao et al. 2021). The product must undergo drying, dehydration

(or de-medium), and a series of treatment processes involving muddy water from coal tailings

(washing gangue). This procedure is quite complex and necessitates considerable financial

investment and production costs.

 Critical Steps of the Wet Coal Preparation Process

Crushing: The unprocessed coal is broken down into finer particles to aid in the separation

process(Matusiak et al. 2021).

Screening: The crushed coal is then screened or sifted through sieves to categorize it into

various size fractions. This procedure assists in eliminating larger contaminants and enhancing

the overall quality of the coal(Prakash, Majumder, and Singh 2018).

Dense Medium Separation (DMS): A dense medium, typically consisting of a suspension of

finely ground magnetite in water, is employed in the wet extraction of coal to differentiate coal

from impurities based on density variations. Heavier contaminants descend to the bottom,

whereas the lighter coal particles remain buoyant. This method is particularly effective for

eliminating shale and rock impurities(Meyer and Craig 2014).
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Froth Flotation: Froth flotation is applicable in the wet preparation of coal, facilitating the

separation of coal from impurities that possess comparable densities. In this process, coal is

combined with water and a flotation agent, followed by the introduction of air bubbles (Usman et

al. 2022b). Coal particles adhere to the bubbles and ascend to the surface, whereas the impurities

stay suspended in the water. The froth that contains the coal is subsequently gathered and dried.

Dewatering: Following the separation process, coal typically undergoes dewatering methods to

eliminate surplus water. This can be achieved through the use of centrifuges, filters, or various

other dewatering machinery(Usman et al. 2022b).

A comprehensive examination of the solvent extraction process is essential for producing a

suitable variety of coal, despite the widespread application of the wet extraction method in

Ethiopia. Various elements, such as extraction time, the ratio of coal to solvent, filter dimensions,

and the size of feed particles, considerably influence the wet coal extraction process. This study

aims to understand and optimize these factors to enhance the yield of clean coal with minimal

ash content.

3.3. Gap Analysis

Given that coal remains a primary fuel source in many regions globally, there is ongoing interest

in optimizing coal utilization and advancing clean coal technologies[21, 22]. A comprehensive

grasp of the essential characteristics of coal is necessary, highlighting the critical significance of

coal characterization.

Coal undergoes chemical enhancement through two main methods to produce clean coal. The

first method is Ultra Clean Coal (UCC), which focuses on improving coal quality by

hydrothermally dissolving the minerals remaining in the organic coal structure with the use of

potent acids or alkalis[21, 23], In the alternative approach, is ash-free coal, also known as hyper-

coal, is reconstituted by employing organic solvents to extract the organic components [23, 28].

This category of coal is referred to as ash-free coal (AFC).

Nevertheless, the coal produced through the UCC process is unsuitable for direct combustion in

gas turbines and may contain around 0.5% ash.[19, 20]. Another concern may arise from the

biodegradability and corrosive nature of the strong acids and alkali reagents employed, as well as
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The methods used for disposing of the waste solution. Nevertheless, it is possible to produce ash-

free coal (AFC) with significantly lower ash content compared to that generated by the UCC

process through the solvent extraction of coal using organic solvents. The residual coal,

characterized by its high ash content, can be effectively utilized to generate steam or electricity

in fluidized bed combustors due to its elevated heat value and minimal moisture content.

Furthermore, the highly reactive leftover coals can serve as reducing agents in the extraction of

synthetic rutile from ilmenite resources (Iino et al. 1988). Consequently, continuous research

efforts are underway to identify both coal and solvents, particularly cost-effective industrial

solvents, aimed at enhancing extraction yields and minimizing the residual coal left post-

extraction.

Coal has been extracted for the production of AFC utilizing a range of solvents, which

encompass polar, non-polar, and solvent mixtures (Shui, Wang, and Wang 2006). The attraction

of the organic constituents within the coal matrix to an organic solvent is considered a key factor

in the high-temperature solvent extraction process of coal. Conversely, in the process of coal

flotation, collectors and frothers serve unique but interrelated functions that contribute to

effective separation. Collectors increase the hydrophobic nature of coal particles, thereby

facilitating their adhesion to air bubbles, while frothers provide stability to the generated froth,

which is essential for successful collection and separation. The interplay between these reagents

is thought to have a considerable influence on the structure and stability of the froth, as well as

on the overall performance of the flotation process (Hadler, Aktas, and Cilliers 2005). This

project employed a collector and frother in various mixture proportions, along with different coal

sizes, to investigate the yield and ash content.
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CHAPTER FOUR

4. MATERIALS AND METHODOLOGY

4.1 Materials and Reagents Used
Raw material with a quantity of 5kg collected from the Project site (Tercha Zuriya), as well as

the materials used throughout the project work, were listed in Figure 13 (a-d) below.

Figure 13 : The lab equipment used in this project (a) Centrifugal Grinder (RETCH 56402

Deutschland) for laboratory purposes; (b) Jaw Crusher for laboratory use (RoHs53743)

(c) Various mesh-sized sieves & Sieve Vibrator (RETCH A200, Deutschland)

(d) Flotation Unit (Wedag Groppel 98, West Deutschland)

One sample(5kgs) obtained from the Tercha Zuriya Woreda were thoroughly ground using the

grinder depicted in Figures 5(a) and (b). Subsequently, the ground samples were sieved to obtain

various particle sizes, utilizing the apparatus illustrated in Figure 13 (c). Ultimately, the sieved

samples of differing sizes(< 75μm − 500μm ) underwent a flotation process as represented in

Figure 13 (d).

a b

c d
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4.2 Sampling & Laboratory experiment
The samples brought from Tercha Zurita Woreda and crushed using a grinder were allowed to

pass through the sieve having different mesh sizes range (< 75�� − 500�� ). The sieve has

three layers with 500�� at the top, 250�� in between, and 75�� at the bottom as shown in

Figure 13 (c). Finally, the samples that remained on each plate of the sieve were collected in a

plastic bag Figure 14(c), and (d) for further processes.

Figure 14 : Comminution (Size Reduction) Process in the Laboratory, showing (a) Raw Coal

(b) Crushed Coal (c) Quartering of Coal (d) Grounded Coal

For each experiment, Tarcha coal sample was taken as a feed and mixed with tap water and

stirred using high and low impeller speeds, until the coal particles were completely wetted &

closing the air valve with scotch plaster enhanced wetting process.

4.2.1 The Proportion of Collector and Frother
In a flotation system, collectors serve as surfactant agents that alter the coal surface from

hydrophilic to hydrophobic. Conversely, frothers must be present in adequate quantities to

facilitate the flotation process, enabling them to adhere to the coal as the bubbles containing the

components rise from the pulp (Mondal et al. 2021a).

S. Mondal, et al., 2021 assert that froth flotation is the most adaptable technique for the physical

separation of particles, utilizing the differing affinities of air bubbles for various mineral surfaces

within mineral or coal slurries(Mondal et al. 2021b). In this process, particles that remain fully

a b

c d
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Saturated stay submerged in the liquid, while those that adhere to air bubbles rise to the surface

and are subsequently removed.

In this research, flotation was conducted by utilizing the Collector-to-Frother ratio as a key

parameter, which was categorized into three distinct ratios. The Collector-to-Frother proportions

were set at 8:2, 8:4, and 8:6, respectively.

4.2.2 Froth Flotation Processes
Kerosene served as the collector, while 40 ppm or 0.12 ml of N-octanol was utilized as the

frother. These specific collector and frothers were chosen due to their effective flotation

capabilities and low cost (Shean and Cilliers 2011). The selection of the ratio between the

collector and frother was determined based on the specified proportions and samples categorized

by their respective sizes. During the procedure, each sample was introduced into the flotation

unit and agitated for three minutes. Subsequently, an air valve was activated to introduce air into

the flotation cell, facilitating the formation of bubble particles. Once bubble formation

commenced, one liter of water was added to each sample to ensure the flotation cell's capacity

was met. The process of bubble particle formation persisted until the foam overflowed from the

cell, at which point the excess foam was successfully collected. This ongoing cycle of foam

generation and collection continued until the appearance of white foam was noted, signifying

that all solid particles within the cell had adhered to the kerosene oil collectors. Finally, the

collected particles were dried in a hot oven at 80°C for three hours, and the yield was calculated

using the equation provided below for each experimental run conducted (Journal et al. 2020).

����� % = ���� �� �������������
���� �� ����

�100 ………….. [3.1]

To assess the ash content in coal, the ASTM D3174 method was employed, which involves

combusting a sample under regulated conditions. The residual material, known as ash, was

subsequently weighed and reported as a percentage of the initial weight of the sample. The coal

sample was contained in a crucible and subjected to combustion in a muffle furnace at a

designated temperature of 750°C for eight hours. The ash percentage for each sample obtained

during this procedure was then calculated using the formula provided below.

��ℎ % = ��. �� �������� ���� ����� ������� (�)
��. �� ���� ���� (�)

�100 …… [3.2]
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CHAPTER FIVE

5. RESULT AND DISCUSSION
The experiments focused on the yield percentage and ash content to evaluate the effectiveness of

flotation. Ash content indicates the amount of undesirable material remaining, while yield

percentage reflects the proportion of valuable material successfully separated. To analyze its

impact on the results, the studies varied the ratio of collector to frother; for instance, increasing

the amount of collector could enhance the extraction of essential minerals (Batjargal et al. 2023).

Additionally, various particle sizes were examined, as larger or smaller particles may exhibit

different flotation behaviors. To ensure reliable results, certain parameters were kept constant

throughout the testing process. The volume of raw samples introduced into the system remained

unchanged, as did the speed of the rotating mixer. This approach ensured that any variations in

the results could be attributed solely to the differences in particle size and the ratio of the

collector to frother.

Consequently, the study primarily focused on particle size and the effects of the collector-to-

frother ratio. These factors can influence both the ash content and the yield. We investigated how

different particle sizes affected the flotation process and assessed the relative amounts of

collector and frother. Our interest lies in understanding how these quantities influence the

outcomes. The yield percentage reflects the amount of valuable material recovered, while the ash

content indicates the presence of unwanted minerals in the final product. The results of these

experiments are presented below.

5.1 Effects of Particle Size and Collector to Frother on Yield
The yield percentage, influenced by variations in particle size and the ratio of frother to collector,

was analyzed in the flotation process, with the findings presented in Table 3.

Table 3: The effect of Particle Size and Collector-to-Frother on Yield Percentage

Particle Size Collector-Frother Combination

(8:2) (8:4) (8:6)
-500+250 77.4 81.1 80.2
-250+150 81.2 84.9 84.5
-75 81.7 82.9 82.8
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Both particle size and the ratio of the collector to frother in the froth flotation process. At a

collector-to-frother ratio of 8:2, the yield percentages for the -500+250, -250+150, and -75 sieve

sizes were recorded at 77.4%, 81.2%, and 81.7%, respectively. When the frother concentration

was increased to a ratio of 8:4, there was a notable enhancement in yields across all size fractions,

with percentages rising to 81.1%, 84.9%, and 82.9% for the respective sieve sizes. A further

increase in frother concentration to an 8:6 ratio produced yields of 80.2%, 84.5%, and 82.8% for

the -500+250, -250+150, and -75 particle sizes, suggesting the presence of an optimal frother

concentration within the examined range.

5.1.1 Effect of Particle Size on Yield Percentage

To investigate the effect of particle size on the yield percentage is shown in figure 15 below.

Figure 15 : The Effects of Particle Size on the Yield Percentage with Collector-to-Frother ratio
becomes (a) 8:2, (b) 8:4, and (c) 8:6

b

c

a
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The data illustrated in the diagram indicates a stable trend in yield percentage across the three

experimental conditions (Collector to Frother ratios of 8:2, 8:4, and 8:6). It is particularly

noteworthy that the highest yield is consistently achieved when the input particle size is at -100.

Additionally, a distinct pattern is observed where the yield percentage increases in direct relation

to particle size, peaking at the -100 level. However, once the particle size exceeds -100, there is a

significant decline in yield percentage, implying a diminishing return or adverse impact on the

process as particle size becomes excessively large. This finding underscores the necessity of

regulating particle size within a defined range to optimize yield, with -100 identified as the most

favorable target.

5.1.2 Effects of Collector to Frother on Yield Percentage

The yield percentage of coal processed with Collector and Frother is presented in Table 3 above,

with further details illustrated in Figure 16 below.

Figure 16 : The Effects of Collector to Frother Ration on the Yield Percentage with Particle

sizes (a) -250, (b) -100, and (c) -75

c

a b
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In the three experimental conditions involving particle sizes of -250, -100, and -75, the data

presented in Figure 8 indicates a consistent trend in yield percentage. It is particularly

noteworthy that a Collector-to-Frother ratio of 8:4 frequently produces the highest yield.

Additionally, there is a discernible pattern demonstrating that the yield percentage increases in

direct correlation with the Collector-to-Frother ratio, peaking at 8.4. However, when the

Collector-to-Frother ratio exceeds an optimal level, there is a marked decline in yield percentage,

suggesting diminishing returns or adverse effects on the process. This finding underscores the

importance of maintaining the Collector-to-Frother ratio within a defined range, with 8:4

identified as the most effective target for maximizing yield.

5.2 Effects of Particle Size and Collector to Frother on Ash Content
The relationship between the collector and Frother, along with other factors such as airflow rate

and collector dosage, can greatly influence the percentage of coal yield in the froth flotation

process (AKSOY* and Department 2016). Collectors and depressants are two essential types of

surfactants that predominantly adsorb at the solid-liquid interface. Collectors increase the

hydrophobic properties of mineral particles, facilitating their flotation, whereas depressants

diminish the hydrophobicity of gangue particles, thereby inhibiting their flotation. On the other

hand, frothers primarily adsorb at the gas-liquid interface. They play a critical role in regulating

bubble size, ascent velocity, and the stability and movement of the froth phase. As the

concentration of frother increases, the dimensions of air bubbles within a flotation cell diminish.

This increase in frother concentration inhibits the merging of colliding air bubbles by reinforcing

the thin liquid film that develops between them and lowering the interfacial (gas-liquid) tension.

The impact of ash content, influenced by the varying sizes of raw materials and the collector-

frother, is is presented in Table 2 below.

Table 4: The Effect of Particle Size and Collector-to-Frother on the Ash Content.
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The table above (Table 4 ) demonstrates that the ash concentration in floating coal increases as

the particle size decreases, aligning with the findings presented on the above table (Table 4). The

ash content in coal is influenced by the ratio of Collector to Frother, as shown in Table 4. The

results reveal that the ash content diminishes when the collector ratio is adjusted from 8:2 to 8:4,

but subsequently rises again when the ratio is modified to 8:6. Furthermore, the distinct effects of

particle size and collector-to-frother ratio on the ash content of coal are illustrated separately in

Figures 17 and 18.

Figure 17 : The Effects of Particle Size on the Ash with Collector-to-Frother ratio becomes (a)
8:2, (b) 8:4, and (c) 8:6

It is well established that coal with finer particle sizes generally produces greater amounts of ash.

Conversely, coal with coarser particle sizes usually exhibits a higher fixed carbon content and a

lower initial ash content, which may subsequently rise. This occurrence is associated with the

development of ash particles and the combustion properties of the coal. As demonstrated in

Figures 17 (a) to (c), there is a correlation between decreasing particle size and increasing ash

content, consistent with anticipated trends (Lanzerstorfer 2018).

a

c

a b
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On the other hand, the effect of Collector-to-Frother on ash content was examined and the result

is shown in Figure 18 below.

Figure 18 : The Effects of Collector-to-Frother Ration on the Ash Content with particle size (a) -
250, (b) -100, and (c) -75

The illustration presented in Figure 18 illustrates how the ratio of the collector to frother

influences the ash content in the resulting coal while maintaining consistent particle sizes. In

Figure18 (a), the ratio ranges from 8:2 to 8:6, with a particle size of -250. Figure 18 (b) features a

particle size of -100, whereas Figure 18(c) displays a size of -75, each associated with varying

collector-to-frother ratios. The results from these three experiments indicate that the ash content

reaches its lowest level at an 8:4 collector-to-frother ratio.

a b

c
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CHAPTER SIX

6. CONCLUSION AND RECOMMENDATION
6.1 Conclusion
Several essential parameters required meticulous regulation to investigate coal flotation. To

ensure a stable process, adjustments were made to the raw coal particle size and the ratio of

collector to frother, while keeping the feed quantity, impeller speed, and other relevant factors

constant. This methodology facilitated a focused assessment of both the individual and combined

effects of these variables on the separation process. It was determined that particle size and the

collector-to-frother ratio significantly influenced flotation performance, particularly regarding

ash content and the yield of clean coal. Therefore, optimizing these parameters is vital for

enhancing the efficiency and quality of coal beneficiation.

The results suggest that although particle size affects the yield percentage, it is not the only

factor at play. When the input particle size is larger, the yield percentage tends to be low;

however, it increases as the particle size diminishes, especially for the collector-to-frother ratios

of 8:2 and 8:6. Conversely, for the 8:4 ratio, the yield is maximized at a particle size of -100,

which falls within the intermediate range. As the literature (Zhang et al. 2017) indicates, the

efficiency of flotation is affected by the interactions that occur during the collision, attachment,

and detachment of particles and bubbles. Furthermore, the dimensions of coal particles

significantly impact the flotation characteristics of mineral particles, which is consistent with the

findings observed.

The ash content of the final product was analyzed, indicating that it is affected by both particle

size and the ratio of collector to frother. In particular, a drop in flyspeck size correlates with an

increase in ash content. This phenomenon can be attributed to the fact that smaller particles often

contain a greater concentration of impurities, resulting in higher ash levels. In contrast, the

analysis revealed that the minimum ash content occurred at a collector-to-frother ratio of 8:4.

The experiment ultimately demonstrated that the optimal results were achieved with a collector-

to-frother ratio of 8:4 and a particle size of -100. Under these conditions, the yield percentage

peaked at 84.9, while the ash content was reduced to 7.2.
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6.2 Recommendation
The research results underscored the advancements made in the coal mine situated in Tercha

Zuriya Wereda. Based on these findings, the researcher put forward a series of recommendations

designed to enhance flotation efficiency and reduce ash content.

 Considering other variables like rotation speed, considering time and pH of the floatation

 Considering other collectors and frothers

 Monitor the impurity before experimenting with floatation.

 Conducting enhancing coal using different methods (Other wet method and dry methods)

The findings indicate a clear understanding of how particle size and the ratio of the collector to

frother influence both yield and ash content. Implementing these recommendations effectively

has the potential to promote more sustainable coal mining practices while also offering

considerable economic benefits to coal companies.
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Appendix

Proximate analysis results for Tarcha coal
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