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Abstract

The purpose of this study was to investigate the flotation response of the Dedo coal deposit and
to improve its quality. In this project, chemical reagents were used to induce hydrophobicity in
hydrophilic coal particles present in coal slurry, and particularly froth flotation techniques were
employed. To obtain a general understanding of the floating response of coal from the study area,
the yield of floated coal was estimated. The quality of coal before beneficiation (froth flotation)
in this project was characterized by a moisture content of 13.63%, volatile matter of 33.45%, ash
of 25.66%, sulfur of 0.36%, and calorific value of 4806 cal/gm. After beneficiation, the moisture
content was 11.06%, volatile matter was 25.63%, ash was 20.28%, sulfur was 0.25%, and
calorific value was 5029.38 cal/gm. These results indicate that impurity contents such as
ash, mineral matter, and sulfur resources were reduced, and the calorific value of coal was
increased by applying successful froth flotation
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Contents

AADSITACT ...ttt b bbbt b b e st h ettt b et bbbt [
CONTENES ...ttt b e bbb e et b s bbb e b et b e sa e ne e ii
ST OF FIGUIES ...ttt b e bt b e st s et et et ae e bt e bt e b b e s e n et e e e e eneese e iii
LSE OF TADIES ..ttt ettt b et b e n s ene e iv
L INTRODUGCTION ..ottt ettt sttt ettt et st e et e et e e be e sbeesaeesabesabeeabeebeesbeesaeesaeeenteas 1
IR = - Tod (o (10 o [T SPRI 1
RS T CT=To) (o) =4V o) i o o[- ¢ Y- 1SS 3
1.4. Statement Of the ProbIEM ... e e et e e e e e e e e b ae e e e areeas 4
1.5, ODJECTIVES ..ttt b et b ettt b bbb bbb et et n b e eae b nten 4
1.5.1. GENEIAl ODJECLIVE ..ottt ettt ae bbbt et b et e e eseeaeebe e nas 4
1.5.2. SPECITIC ODJECTIVES ...ttt sttt ettt be e nes 4

LB, SHGNITICANCE. c..ecetitecee ettt e et et sbe et e besaaesaesbeeaaesteeraentesbeeseentesrsensesreeneas 4

2. LITERATURE REVIEW ...ttt ettt ettt e e e e ettt e e e e e e e e bt e e e e e e s e s mnreb e e e e e e e s nnnneneeeeas 4
2.1. Basic Principles of froth fIOtation ..........c.eccueiiiieiiceceee e s 5
2.2. Froth flotation OF COAI .........ccoouiiriiiiiiiici e 5

3. MATERIALS AND METHODS. ... .ottt sttt st sae e st ssaesteeste e saaesaeesanesnbeenseenees 6
BLL IMIALETTAIS ..o bbbttt b bbbttt e 6
3.2, MELNOUOIOGY ...ttt ettt et et e st e et e st e eba e besteesbesbeeaeebesbeententeereenbenreenes 7
321 DBSK SEUAY ....veeeieiecieeteeie ettt ettt ettt ettt et e s te et e st e eas e tesbeessesbeeseenbessaentenseensetesseensestesraans 7
3.2.2. Sample collection and 1aboratory WOIK...........ccccvevirieiiirieiereseee sttt eneens 7
3.2.3. Data processing and iNterpretation...........ccecereeeerinieeiereeere e aesreeneens 8

4. RESULTS AND DISCUSSIONS ... .ottt sttt ettt ettt et st sbesate st sae e e sneeanas 10
4.1. OPtIMIZEd PATAMELETS ...eveveeurerreeieenririeetesrereesre s eeeesre st essesreeseesreseeessesreeasesresseeresreemeearesaneneesneeanes 10
4.2. The FIOTALION FESUILS .....ccveieiiiieecee ettt e 10
4.3. Coal qUAlIty IMPIOVEMENT.....c.iitieieieeee ettt ettt et e et et e s teene e tesseeneesseeneeeesneeneas 11
4.3.1. The determination of moisture CONtENt AMOUNT ..........coecvrieirieiirerieieeeeee e 12

5. CONCLUSIONS AND RECOMMENDATIONS ..ottt sttt sttt st s 14
5.1, CONCIUSIONS....cuviiitiiteieteiet ettt b bbbt s ettt b et b et b ettt b e 14
REFERENCES ...ttt ettt h e sttt st e b e bt e sb e e sae e sat e e beeabeesbeesabesatesabeebeenis 15



List of Figures

Figure 1 : Map of the area (a, Ethiopian regions, b, Oromia zones, ¢, Dedo WOreda) ............ccoevererineneieeieneniseneeas 2
Figure 2 : Geological Map OF the ArBA..........ciiiiiirieii bbb bbb ebesr e 3
Figure 6: Laboratory @QUIPMENTS USEO .......ccviveieieiieiesiesesesteeeesie e steste e sse e e e setesaesbesseesaeseessessesaeseessesnaeseesseseessenses 6
Figure 7: The effects of impeller speed and particle size on the flotation of coal. ........ccccceveieieie i, 9
Figure 8: Froth floatation procedures and resulting coal PartiCles. ........ccccvoveeiereiie s 11
Figure 9 : The proximate analysis of raw and treated coal SAMPIE. ........cccvviveiieiiieiie e 12



List of Tables

Table: 1. The coal flotation eXperimental rESUILS...........ccciiiiicie et 8
Table: 2. Details 0f the [aD0TatOry SUNVEY ........cviiiiiii ettt e st steete e e e e e seenrenre e 8
Table: 3. Optimum values for floatation 0f the COal.........c.coviieii i s 10
Table: 4. The proximate, sulfur, fixed carbon and calorific value results for both raw and treated coal..................... 11



1. INTRODUCTION

1.1. Background

Coal is an organic sedimentary rock composed of carbon, hydrogen, and oxygen that is capable
of combustion. Coal formed from vegetation that has been compressed between layers of rock
over millions of years and changed by pressure and temperature. It is estimated that there are
over 909 billion tons of known coal reserves worldwide, enough to last for over 150 years. The
countries with the largest coal reserves are the United States, Russia, China, India, South Africa,
Ukraine, Serbia, Mongolia, and Brazil. South Africa has the most significant coal deposit in
Africa, while Ethiopia is estimated to have about 300 million tons of coal. Coal is primarily used
for power, steel, cement, activated carbon, and liquid fuel production. The flotation properties of
coal depend on various factors such as its mineralogical and petrographic composition, rank,
degree of oxidation, and inorganic impurities. Low rank coals, such as lignite, are challenging to
float cleanly due to their high oxygen content, high porosity, and abundance of polar functional
groups on their surface. Flotation technology can be used to refine coal and phosphorus. The aim
of this project was to develop process parameters for froth flotation of coal in Dedo, Jimma,
Ethiopia, to increase the concentration of low coal deposits for more economical processing. The
effects of particle size and impeller speed on coal flotation in the Dedo coal deposit have been
well understood.

1.2. Location and accessibility of the investigated area

The selected study area Dedo coal deposit is located in the Jimma Zone, south west Ethiopia
(Figure 1). Dedo coal deposit is considered as one of the most significant coal reserve in
Ethiopia. The deposit is situated approximately 415 kilometers southwest of Addis Ababa and
covers an area of about 194 square kilometers. The coal deposit in Dedo is estimated to contain
up to 430 million tonnes of coal reserves (Teshome et al., 2020. Coal mining activities at the
Dedo coal deposit have been planned and executed by East Africa Metals, a mineral exploration
company based in Vancouver, Canada, and the Ethiopian Ministry of Mines, Petroleum, and
Natural Gas. The initial exploration work began in 2018, and in 2019 the companies announced
significant results regarding the coal quality and quantity at the Dedo coal deposit. The Dedo
coal deposit's development is essential for Ethiopia's economic growth, particularly in the energy
and mining sectors.



Dedo woreda)

Figure 1 : Map (a, Ethiopian regions, b, Oromia zones, c,



1.3. Geology of the area

The Dedo coal basin in general is underline by two major rock types; volcanics and sedimentary
rocks. There are known localized minor occurrences of intrusive materials like pyroclastic rocks.
The compositional variations in the volcanic rocks range widely from basic to acidic. The
geology of the area where Dedo coal depositis located as part of the Neoproterozoic
to Cretaceous-age sequences, which consist of sedimentary rocks such as sandstones, shales,
siltstones, and limestones (Alemayehu et al., 2015). The coal-bearing formation in Dedo is part
of the Adola Belt, which is located in the southern part of Ethiopia and is known for its gold and
base metal deposits (Alemayehu et al., 2015; Hunde, 2016). The Adola Belt is a northwest-
trending, elongated, and narrow tectonic zone that extends for about 400 km in the southern part
of Ethiopia (Hunde, 2016). The Adola Belt is composed of several sub-belts, including the
Moyale, Mega, and Kenticha sub-belts (Hunde, 2016). The sedimentary rocks in the area where
Dedo coal deposit is located are part of the Kenticha sub-belt.
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Figure 2 : Geological map of the area



1.4. Statement of the problem

Due to the absence of high grade coal in Ethiopia, it is advisable to increase demand to process
low grade coal to improve its grade by using froth flotation method. There is no tangible research
conducted on the flotation characteristics of Dedo coal deposit. Therefore, the main benefits of
these project is to identify the flotation response of Dedo coal deposit and to overcome the
problems that may face on the processing of coal by flotation.

1.5. Objectives

1.5.1. General objective
The general objective of the study is to identify the flotation characteristics of Dedo coal deposit
and to separate fine particles of coal contained in coal slurry.

1.5.2. Specific objectives
» To improve the flotation of particles of coal those have a more hydrophilic nature.

» To enhance fine coal particle quality by lowering contaminant

1.6. Significance

This study is focused on creating process parameters for froth flotation in case of the Dedo coal
deposit, Jimma Ethiopia, and its important uses. By using these methods, low coal concentrations
were raised to levels that could be handled more profitably. It is well known how the size of
particle and the impeller speed affect coal flotation in the case of the Dedo coal deposit.

Generally this project is done to benefit RIALMINE TRADING PLC and another companies
those who have an interest to process the coal from Dedo, Jimma Ethiopia being used as an input
to mitigate the difficulties during flotation of coal.



2. LITERATURE REVIEW

2.1. Basic Principles of froth flotation

According to variety in the ability of air bubbles to attach themselves specifically to different
mineral surfaces in mineral/water slurry, the froth flotation process is used to physically separate
particles (Eliseu, Geraldo Conde et al., 2019). The separation of sulfide minerals from silica
gangue (and from other sulfide minerals), potassium chloride (sylvite) from sodium chloride
(halite), coal from ash-forming minerals, silicate minerals from iron ores, phosphate minerals
from silicates, and even non-mineral tasks like de-ink recycling newsprint are just a few of the
many tasks it is used for currently. It is particularly useful for processing fine-grained ores that
are not amenable to conventional gravity concentration.

2.2. Froth flotation of coal

To overcome the difficulties associated with coal processing, various researchers have attempted
to create beneficiation technology to minimize the impurity of coal so that it conforms to its
application standards (Mishra et al., 2015; Liu et al., 2018; Behera et al., 2018). According to
Matis, K. A., G. P. Gallios, and K. A. Kydros (1993), froth flotation is the most adjustable
technique for the physical separation of particles based on differences in how well air bubbles
attach to various mineral surfaces in mineral or coal slurries. While particles that are entirely wet
remain in the liquid phase, those linked to air bubbles are transported to the surface and
eventually eliminated. Currently, it is being used as a versatile method to separate sulphide
minerals from silica gangue (and from the other sulphide minerals), potassium chloride from
sodium chloride, coal from ash-forming minerals, silicate minerals from iron ores, phosphate
minerals from silicates, and even non-mineral applications like de-ink recycled newsprint. It is
especially helpful for coals or fine-grained ores that can't be concentrated using gravity. The
most effective method for reducing polluting substance and improving the fine particles is coal
flotation (Majumder and Barnwal et al., 2011). The froth flotation theory is complicated and still
not fully understood. Numerous issues seen in coal preparation plants have led to this reality (Ye
et al., 2017). Knowing the effects of different parameters on the fine particle size separation and
controlling flotation performance for system execution are crucial for overcoming these
challenges.






3. MATERIALS AND METHODS
3.1. Materials

The basic material that used to conduct the study was lumps of coal which was obtained from
Dedo coal deposit, Jimma Ethiopia and the equipments that were used for this work includes;
laboratory jaw crusher (RoHs53743) Figure 6A, laboratory centrifugal mill (Figure 6B), sieves
with different mesh sizes (Figure 6C) and laboratory wedag flotation cell (Groppel 98) Figure
6D. The chemical reagents that were used in this work include Kerosene and N-octanol.
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Figure 3: Laboratory equipments use




3.2. Methodology

Various tasks were accomplished before starting this work. The office work includes review
literatures, scientific journals and relevant books were seen critically for the successful
accomplishment of this work. The bulk coal sample was collected from the study area and
sample preparation was done in the laboratory. The collected sample was analyzed in a
laboratory and different experiments were conducted to have an overall understanding of the
flotation behavior of Dedo coal deposit and to improve its quality.

3.2.1. Desk study
Literature review, scientific journals, relevant books (from websites, libraries) and secondary
data that obtained from the companies and Ethiopian Geological Institute was critically reviewed
in this project.

3.2.2. Sample collection and laboratory work

About 5kg of Dedo coal bulk sample that was collected from the open pit mine opened by the
RIALMINE TRADING PLC was used in this work. The sample coal was crushed and
pulverized (reduced to fine particles). The coal sample was crushed and ground, and then
separated using sieves and an automated sieve shaker. The sieves were arranged in order of
decreasing mesh size, with the largest mesh size at the top. For each experiment, approximately
100g of the sample was mixed with 2L of tap water and stirred for three minutes using high and
low impeller speeds, until the coal particles were completely wetted by closing the air valve with
scotch. Next, Sml of kerosene was added as a collector and agitated for another three minutes.
Additionally, 40ppm or 0.12ml of N-octanol was added as a frother, and an air valve was opened
to supply air to the flotation cell to form bubble particles. When the bubble formation began, 1L
of water was added to fill the capacity of the cell. The formations of bubble particle continued
until it overflowed the cell and were collected. Collection and foam formation were continued
until white foam was observed, indicating that all solid particles in the cell were attached to the

kerosene oil collectors.



Generally, the collected particle was dried in a hot oven at 80°C for three hours and the floated
concentration yield was calculated as the equation below for each of experiments. Therefore, the
performance calculation was done for each and every experiment in this study depending on the
formula below.

Mas of the concentration

. _ 0
Yield Vass of the feed J00 D0, aaaaaaaraaa (1)
Table: 1. The coal flotation experimental results
Sample code Particle Impeller Feed(g) Mass of coal
size(pum) Speed(rpm) concentrated(g) vield %
D11 -500+250 1500 100 47 47
D21 -125+63 1500 100 53 53
D31 -500+250 2500 100 50 50
D41 -125+63 2500 100 67 67
D12 -500+250 1500 100 49 49
D22 -125+63 1500 100 54 54
D32 -500+250 2500 100 52 52
D42 -125+63 2500 100 66 66
Table: 2. Details of the laboratory survey
Mines | Crusher Mill type Number of Coal flotation Mine location
type Number of mill variables reagents
Coal Jaw Centrifugal mill 1 2 1,Kerosene Dedo coal deposit, Jima
crusher 2,N-octanol Ethiopia

3.2.3. Data processing and interpretation
By removing any associated pollutants, the froth flotation method was employed to enhance the
coal from the Dedo coal deposit.The coal from the research area floating characteristics were
investigated after a number of trials. To determine the impacts of coal's particle size and impeller
speed in this situation, studies on coal flotation were carried out.The coal particle size and flotati
on impeller speed were the experimental variables in this case since they are the variables that inf
luence the coal flotation procedures. The model parameters were subjected to an ANOVA
analysis using the statistical program MINITAB to determine the important factors affecting
flotation performance.
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Figure 4: The effects of speed of the impeller speed and the size of particle

As indicated from Figure 7 the maximum concentrate yield obtained by flotation was 67% when
a coal particle size of -125+63pum was floated with impeller speed of 2500 rpm and the minimum
concentrate yield obtained by flotation was 47% by floating with impeller speed of 1500 rpm
when a coal particle size of -500+250um  was floated keeping the mass of coal, conditioning
time, reagent dosages constant for each experiments. This shows that the particle size and
floatation impeller speed have an impacts on flotation of coal. If we decrease particle size

According to Figure 7, it appears that larger particles (250-500 um) are more difficult to float, as
they tend to enter the floatation cell and fail to float. The experiments showed that increasing
the impeller speed and reducing particle size resulted in a maximum yield, while decreasing
impeller speed and increasing particle size resulted in a minimum yield. However, coal particles
smaller than 63 pum may also pose a flotation problem due to the low probability of adhesion
between particles and bubbles, and coal particles larger than 500 pum are not effectively treated
using the froth flotation method.



4. RESULTS AND DISCUSSIONS

The froth flotation method with particle sizes ranging from 125-63 um and an impeller speed of
2500 rpm is an effective way to increase the calorific value of raw coal from 4806 cal/gm to
above 5000 cal/gm for treated coal. Additionally, the carbon content of the Dedo coal deposit can
be increased to a level suitable for use as an energy source in cement and steel industries.

4.1. Optimized parameters
This study aimed to understand the effects of particle size and impeller speed on coal flotation in

the study area. Eight experiments with two replications were conducted to gain an overall
understanding of these impacts. Particle size and impeller speed were the only variables that
could be optimized during the flotation process. The optimization of these working parameters
was based on the one variable at a time (OVAT) method in this investigation. The maximum coal
concentration efficiency was measured as the response, along with impeller speed and particle
size as the main factors. At the optimized condition, the maximum yield of floated coal obtained

was 67%, as summarized in Table 3.
Table: 3. Optimum values for floatation of the coal

No | Parameters An optimized value of coal
1 Feed rate(g) 100

2 Particle size(um) -125+63

3 Impeller speed(rpm) 2500

4 Yield of concentrate (%) 67

4.2. The flotation results

As shown in Figure 8A, coal particle flotation was observed following the addition of kerosene
collector. Large bubbles formed, but the particles did not attach to the surface of the oily
bubbles. However, after the addition of N-octanol as a frother and floating for approximately 5
minutes, the bubbles stabilized and became smaller in size, as shown in Figure 8B. Additionally,
the particles of the coal attached to the bubbles. The filtered concentrate (foam) was then
prepared and dried in an oven at 80°C for around 3 hours before being taken for further analysis

using the proximate analysis method, as illustrated in Figure 8C.
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Figure 5: The procedures for froth flotation and the resulting coal particles.

4.3. Coal quality improvement

The quality of coal was improved after beneficiation (froth flotation) compared to that was
before beneficiation. In this study, quality of coal before beneficiation, that means the moisture
content 13.63%,volatile matter 33.34%, ash 25.66%, sulfur 0.36%, calorific value 4806 cal/gm,
and after beneficiation moisture content 11.06 %, volatile mater 25.63%, ash 20.28 %, sulfur
0.25%, calorific value 5029.38 cal/gm . Therefore, the quality of coal was improved since, the
moisture content, ash content and sulfur were reduced and calorific value was increased after
beneficiation (froth floatation).

Table: 4. The proximate, sulfur, fixed carbon and calorific value results

Area raw/treated Proximate results (%) Sulfur Fixed Calorific
Sample Number . . content | carbon value
of ash volatile moisture (%) content
samples content | content content (%)
Dedo raw 1 25.66 33.45 13.63 0.36 35.08 4806
coal cal/gm
deposit | treated 1 20.28 25.63 11.06 0.25 35.21 5029.38
cal/gm
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Figure 6 : The proximate analysis of raw and treated coal sample.

4.3.1. The determination of moisture content amount

The moisture content of raw coal is 13.63%, while the moisture content of treated coal is
11.06%, as indicated in Figure 9. The raw coal has a relatively higher moisture content compared
to the treated coal. A higher moisture value suggests lower carbon content, which leads to lower
heating value and higher costs for transportation and storage (Wakuma and Assaba, 2017). The
applied flotation technique decreased the moisture content, as shown in Figure 9.

4.3.2. The determination of amount ash content

The ash content of the raw coal is 25.66%, while the ash content of the treated coal is 20.28%, as
stated. An increase in ash content leads to a reduction in burning capacity, affects combustion
efficiency, increases handling cost, and results in larger slagging. The ash content and its
behavior at high temperatures affect the design and type of ash handling system employed in the
coal-utilization process. At high temperatures, coal ash becomes sticky and eventually forms
molten slag. The increase in ash content in coal leads to a decrease in quality or rank due to the
higher volumes of impurities, which reduce coal efficiency. The ash content of the Dedo treated
coal sample was highly reduced after treatment by approximately 5.38%. This indicates that the
treated coal sample can be ignited easily and is reactive in combustion.

12



4.3.3. The determination of volatile matter

Figure 9 shows that the volatile matter for the raw coal sample is 33.45%, while for the treated
coal, it is 25.63%. A higher volatile matter in coal indicates a lower rank of the coal. An increase
in volatile matter results in an increase in the quantities of combustible gases, which in turn
decreases the amount of fixed carbon and ultimately reduces the heating value of the coal.

4.3.4. The determination of fixed carbon

Fixed carbon is a rough estimate of the heating value of coal. Figure 9 shows that the fixed
carbon content of the raw coal sample is 35.08%, while for the treated coal, it is 35.21%. The
raw coal sample has a lower fixed carbon content than the treated coal, indicating that the lower
carbon content significantly affects the heating efficiency of the coal. The lower amount of fixed
carbon is due to the high ash, volatile matter, and moisture content of the coal. An increase in
fixed carbon content results in an increase in heating value and a decrease in ash content, which
is observed after beneficiation.

13



5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

This project focused on investigating the flotation response of Dedo coal deposit using froth
flotation techniques. The objective was to enhance the flotation of coal particles with a more
hydrophilic nature, such as lignite and/or lignite to bituminous, and to improve the quality of fine
coal particles by reducing impurity contents, such as ash, mineral matter, and sulfur resources.
Additionally, the effects of particle size and impeller speed on coal flotation were identified.

The findings of this study revealed that the flotation performance can be greatly impacted by the
size of coal particles and the speed of the flotation impeller. It is important to note that aside
from coal particle size and flotation impeller speed, other factors such as solid percentage, air
flow rate, collector type and dosage, frother type and dosage, pH of coal slurry, and conditioning
time can also affect the flotation process. However, these effects were not investigated in this
project. The negative impacts of these factors can be managed by altering the processing
mechanisms.

The quality of coal was enhanced in this study after beneficiation, resulting in an increase in
calorific value from 4806 cal/gm for raw coal to above 5000 cal/gm for treated coal. This
suggests that impurity contents such as ash, mineral matter, and sulfur resources were reduced,
and the calorific value of coal was increased by employing successful froth flotation techniques.
Therefore, it can be inferred that the conduct of this project led to an increment in carbon content
of the Dedo coal deposit, making it suitable as an energy source in cement and steel industries.

5.2. Recommendations for future project

This study focused on investigating the flotation response, enhancing coal quality, and
identifying the effects of coal particle size and flotation impeller speed only. It is recommended
to investigate the influence of other factors such as solid percentage, air flow rate, collector
type and dosage, frother type and dosage, pH of coal slurry, and conditioning time. In this study,
N-octanol frother was utilized to generate a significant amount of small air bubbles, thereby
increasing the surface area of air introduced into the flotation machine during coal flotation.
Kerosene collector created conditions for the attachment of hydrophobic particles to air bubbles
and the recovery of such particles in the froth product. In the future, researchers can
interchangeably use methyl isobutyl carbinol (MIBC) instead of N-octanol and diesel oil instead
of kerosene during flotation. Additionally, it is recommended to use teetered bed
separators or reflux classifiers in combination with flotation columns to recover coarse coal
particles, as it is effective in recovering coal up to approximately 0.35 mm.
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