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Synopsis 

Globally, growing coal production is being fuelled by the need for cheaper energy sources, as 
well as increased demand for hard commodities such as iron, steel, and cement. Coal mining 
has a negative impact on the environment by altering the landscape, polluting water bodies 
and the air as a consequence of mining operations. There has been little investigation into 
how coal dust created by a wind tunnel varies from dust generated by pulverisation. As a 
result, no relationship has been established as to how closely similar the coal dust created by 
these procedures is to dust formed in a natural coal mine environment. 
 
As a result of the study gap, the relationship between the influence of coal dust features on 
pulmonary toxicity, is not addressed, can result in further deterioration of mine workers' 
health. This study looked at two coal sources which were analysed using the original sample 
(as a reference point), dust was collected from the wind tunnel in comparison to dust sized 
particles generated through pulverisation. The main objective was to determine whether the 
features of coal dust samples formed and suspended in a wind tunnel vary or are equivalent 
to the characteristics of coal dust sized particles generated by pulverisation from the same 
coal origin sample. The results were intended to validate if toxicity study results of the 
pulverised sample can be adopted or rejected to the toxicity of the suspended dust. The 
hypothesis was these two sample categories will be different due to their generation 
technique.  
 
Characteristics data of coal dust size particles previously produced from pulverisation were 
provided for the comparison basis. The suspended wind tunnel dust were collected from 
different sample points along a ramp wall in the tunnel. The wind tunnel samples were 
prepared for microscopy analysis using Quantitative Evaluation of Minerals by Scanning 
Electron Microscopy (QEMSCAN) to determine minerology and particle morphology, XRF to 
determine minerology in terms of metal oxide content in the sample, and laser diffraction to 
generate particle size distribution (PSD) of the dust size coal samples. An ash analysis is 
performed on the original South African and Brazilian coal samples to validate the carbon 
content data provided by QEMSCAN. 
 
The particle size distribution of the samples indicates that all of them had a significant amount 
of PM10. However, for both the South African and Brazilian coal samples, the pulverised coal 
sample exhibited the largest proportion of PM5 compared to the dust size particles from the 
wind tunnel. This is mostly owing to the fact that courser particles are intentionally eliminated 
from the sample during screening and sieving during multistage pulverisation. This improves 
the chance of obtaining samples with a greater fines proportion. The particle size and density 
of the mineral phase that occur in the particles influence wind tunnel samples. The QEMSCAN 
data further supports the XRF observation. The mineral compositions of the pulverised coal 
samples vary from the mineral compositions obtained in the wind tunnel dust size samples. 
Furthermore, the shape descriptor trend between the pulverised dust size sample and the 
suspended wind tunnel dust size sample is almost similar, with minor variations. The diverse 
particle breaking mechanisms that the particles are exposed to account for the differences in 
mineral content and particle morphology. 
 
The physicochemical parameters of coal dust size particles in pulverised samples vary from 
those of dust size particles suspended in a wind tunnel. The particle size distributions of the 
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coal dust samples varied, as do the number and volume distributions. The chemical 
composition and minerology of dust created by various dust generation processes vary as 
well. Each produces a unique mix of mineral oxides, organic materials, and element profiles. 
Finally, the abundance of particle morphologies vary between the pulverised sample and the 
wind tunnel sample. Diverse independent external circumstances impact the features of the 
dust size samples, which were generated via different dust creation processes. 
 
The physicochemical characteristics that the coal dust size particles in samples generated via 
pulverisation are different to the dust suspended from the wind tunnel. The wind tunnel 
sample as per size distributon shifted to the finer particles as they move up the wind tunnel. 
The lighter mineral and particles by molecular mass and particle size changed thus not giving 
homogenous wind suspended particles. The chemical composition and minerology of the dust 
produced by different techniques also differs. Each generates a different mineral oxides, 
organic matter and element profiles. The variations were not uniform for both coal sources, 
thus a general rule cannot be applied to estimate the change in characteristics prepared by 
wind tunnel compared to the pulverised dust size particles. Lastly, the abundance of particle 
shapes in the pulverised sample alines to the shape distribution of the wind tunnel dust 
sample within small variation not significantly tested. The dominant shape continued to be 
aquant followed by angular. Different external factors, independent of each other, influence 
the characteristics of the dust size samples each of which have been generated via different 
dust generation techniques.  
 
 
The experiment should be performed at least twice to increase the quality and confidence in 
the research findings. The order of the procedures should have been reversed, with the 
QEMSCAN performed first, followed by the XRF and finally the Malvern Mastersizer analysis. 
As XRF is non-disruptive, it would have helped to ensure that the scarcity of samples for 
analysis would have been considerably decreased. Furthermore, a study of the same coal 
samples from the same mine site that considers the natural geographical and climatic 
effects/impacts should be undertaken. This will enable researchers to determine how much 
dust size particle created on a laboratory scale differs from dust size mine dust in a natural 
mining setting. 
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Glossary  
 
Term Meaning 
ARMD This is a percentage of inhalable dust that has a particle size 

distribution that lies between 0.1-100 µm, that can infiltrate the gas 
exchange region of the lungs. 

Angular particle 
shape 

Particles that have edges or an irregular outline 

Coalification The progressive change in the physicochemical properties of coal as a 
result of the increase in the temperature and pressure throughout a 
geological period resulting in a change in the composition of element 
carbon. 

Elongate particle 
shape 

The length of the particle length relative to the thickness is three 
time or more.  

Equant particle 
shape 

Particles that have a cubic/spherical shape 

Inhalable dust Fraction of dust that can enter the body via inhalation through the 
nose and the mouth, particle size less than 100 µm, and it infiltrates 
the alveolar membrane of the lungs.  

Number 
distribution 

A particle size distribution that is based on the quantity of or number 
of the particles that have the same particle size within a sample.  

Respirable dust Percentage of inhalable dust, size fraction below 10 µm, that can by-
pass the terminals of the bronchioles.  

Round particle 
shape 

Particles have a length to thickness dimensions that are almost equal 

Thoracic dust Dust particles that can infiltrate the thorax. 
TWA The quantity of hazardous substances such as chemical fumes, dust 

that a worker can be exposed to on an 8-hour work-day.  
Volume 
distribution 

A particle size distribution that is based on the volume that is 
occupied by the particles in the sample 
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1 Introduction 
 
1.1 Background 
On a worldwide basis, the increased production of coal is fuelled by the need for cheaper 
energy supplies as well the increased demand for hard commodities such as iron, steel, and 
cement. Globally, there are 1.1 trillion tonnes of coal reserves, and the coal mining industry 
is forecasted to last for more than 115 years (Wagner,2021:745). In coal abundant countries, 
the sector is a critical economic booster by providing employment. The detrimental effects of 
coal mining include landscape alteration, pollution of water bodies and air  as a result of the 
mining operations inside the mine, which include coal extraction, mine operations, and wind 
erosion (Pandey, et al., 2014; Baldauf, et al., 2001; Collins, et al., 2001). A major pollutant is 
coal mine dust which is generated from mining activities that include overburden and coal 
extraction, and size reduction (Ghose, 2007). 
 
Coal dust pollution impacts mine workers and neighbouring communities. Without 
appropriate measures to prevent exposure like on-site dust suppression applied technologies, 
coal dust can present severe health ramifications to exposed personnel. This includes the 
development of lung disorders (such as silicosis, black lung, and pneumoconiosis) as well as 
deadly respiratory ailments such as massive fibrosis (Moreno, et al., 2019; Huertas, et al., 
2012). The frequency of pulmonary infection in workers is accelerated by extended worker 
exposure to coal mine dust, leading to a rise in pulmonary illnesses such as coal mine 
pneumoconiosis (CWP), silicosis, and other ARMD disorders (Current Intelligence Bulletin, 
2011). Developing countries, with limited resources such as the lack of or inadequately 
rigorous preventive and control measures, may increase the incidence of CWP (WHO, 1999) 
as seen in the worldwide trend (Moreno, et al., 2019). Moreover, the incidence of illnesses 
such as CWP varies by nation and colliery health standards (Utembe, et al., 2015).  
 
In South Africa, for example, a lack of more stringent regulatory oversight on air quality 
requirements and occupational health safety, along with inadequate duct monitoring and 
management, exacerbates miner lung health degradation (Altieri & Keen, 2016). Moreover, 
developing counties with high levels of miners living with HIV/AIDS, 10-20% of miners are 
living with HIV/AIDS in South African for example, are more likely to have a higher population 
of their miner population contracting non-tuberculosis pulmonary mycobacteria (NTM) 
(Corbett, 1999; Foster, 1996). It is thus necessary to formulate a well-understood connection 
between the proportion of coal dust inhaled and the health repercussions associated with the 
inhalation. Furthermore, it is imperative that an understanding of the impact of 
physicochemical properties of the coal dust on pulmonary toxicity is developed.  
 
1.2 Problem Statement 
Globally, research on the correlation between pulmonary toxicity and coal mine dust 
properties is under researched, therefore the relationship between these parameters is 
poorly comprehended. This is primarily due to under researched characterization of coal dust 
and a poor understanding of the range of factors that influence these characteristics. Toxicity 
studies on mine dust often analyze laboratory comminution processes to generalise the 
results to real mine environment (Kaya, et al., 1996). Limited research has been undertaken 
on how coal dust generated via a wind tunnel differs to dust generated via pulverisation. 
Hence no link has been established on how closely related the coal dust is generated from 
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these techniques to dust that would be generated in a natural coal mine environment. As a 
consequence of the research gap, the link between the effect of the characteristics of coal 
dust on pulmonary toxicity, if not addressed could culminate in the worsening of the status 
of mine worker’s health.  
 
1.3 Key Objectives 
The primary objectives of the research are to:  

• Undertake a thorough analysis of coal dust size samples that have been generated and 
suspended in a laboratory wind tunnel, for particle morphology, particle size 
distribution, chemical composition, and mineral association in the same 
characterisation procedure as previously carried out on pulverised coal dust size 
samples. 

• Conduct a comparison study of the characteristics of the laboratory generated coal dust 
samples from the wind tunnel against dust size pulverised coal sample.  

• Assess the effects of different dust generation techniques employed  

• Provide a basis for evaluating the validity, relevance, and integrity of laboratory-
produced data while accounting for experimental constraints and variations from coal 
dust created in a natural setting. 
 

1.4 Scope and Limitations of Study 
The scope of the project is to determine whether the characteristics of coal dust samples 
generated and suspended in a wind tunnel differ or are comparable to the characteristics of 
coal dust sized particles of the same coal origin sample, generated via pulverisation. 
Pulverisation of coal samples and microscopy analysis of the coal samples, with all relevant 
dataset to the research, were made available for comparison (Kamanzi, personal 
communication 2021, October 29). Similar standards of analysis, as utilised for the analysis of 
pulverised coal samples, were applied to the wind tunnel dust and original samples. This 
enabled the determination of whether the physicochemical properties of coal dust samples 
generated and suspended in a wind tunnel differed or were comparable to the characteristics 
of coal dust generated by pulverisation. The analysis techniques applied to compare changes 
in the physicochemical properties of coal dust particles, were QEMSCAN, XRF and laser 
diffraction . Lastly, the project also involved ash analysis as a method of validating the 
presumed  coal composition determined via QEMSCAN analysis.  
 
The assessment of the connection between coal dust characteristics and lung toxicity will be 
left out of the scope of this study. The shortcomings of the study are that the samples 
analysed are not a complete representation of mine dust generated in a real-world mining 
setting. The coal samples do not include dust from the surrounding rock layers and mine 
environment, as would be the situation in a natural coal mine setting. Furthermore, the 
impacts of natural and geographical influences will be excluded. These include the effects of 
meteorological data such as wind velocity, humidity, rainfall, and temperature, as well as 
distance information between the sample site collection and the source of dust emission on 
dust generation. Due to time constraints, coal dust data analysis were limited to three 
microscopy methods: QEMSCAN, XRF, and laser diffraction. Furthermore, since the 
experiment was only done once, there was no opportunity to validate the data via statistical 
analysis, such as evaluating the degree of precision and accuracy. 
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2 Literature Review 
2.1 Coal Mine Impact and Limitation 
Global economic progress necessitates a large supply of energy and fossil fuel like coal is a 
plentiful and inexpensive fossil fuel (Franco & Diaz, 2009) . The coal mining business has a 
number of concerns, including the development of air pollution and possibly deadly lung 
health problems (Pandey, et al., 2014) . The worldwide trend in the incidence of pulmonary 
illnesses in miners varies, and is driven by a range of variables (for example, occupational 
health regulations, governmental regulations, miner health and employee tenure). 
Developing countries, with growing economies have increased demand for coal than 
developed countries, resulting in a higher proportion of miners within that region being 
exposed to pulmonary toxicity (Marek & Lebecki, 1999).  
 
The occupational health and safety in developing countries relative to developed countries is 
overlooked and poorly reinforced. This is because of the socially, economically, and politically 
motivated challenges and issues within the developing countries (Nuwayhid, 2004). 
Developed nations in the global northern hemisphere use stringent and very effective dust 
control measures, resulting in a reduced incidence of CWP among coal miners (Pon, et al., 
2003). Dust management methods in underdeveloped nations are poorly implemented or 
non-existent, exposing mine employees to high levels of dust, increasing the occurrence of 
respiratory disorders such as CWP among miners. This is compounded further by the high 
frequency of illnesses such as tuberculosis (TB) (Sprundel, 1990).  
 
2.2 Coal Dust Toxicity 
The toxicity of coal dust particles lies in the complex coal composition as mixture of varying 
fraction of organic and inorganic matter with embedded minerals and trace elements (Dalal, 
et al., 1995). The common mineral phases present in coal are kaolinite, pyrite, illite and quartz 
(Palmer & Lyons, 1996). Moreover, coal mine dust and coal fine particles contain 25 different 
types of harmful trace elements, which are classified into five categories: toxic elements (As, 
Be, Cd, Cr, Ni, and Pb), carcinogens (As, Be, Cd, Cr, Ni, and Pb), elemental products from 
combustion polluting the atmosphere, elements that are harmful in high concentrations 
when the human body is exposed to, and radio-active elements (Th and U) (Su, Ding, & 
Zhuang, 2020).  
 
The introduction of coal mine dust into the lungs of coal miners via inhalation prompts the 
development of respiratory diseases, collectively termed coal mine dust lung disease 
(CMDLD) (Moreno, et al., 2019; Laney & Weissman, 2014). Research indicates that the 
incidence of respirable coal mine dust (RCMD) associated diseases are (Laney, et al., 2010)￼ 
. Mine dust and microscopic fine coal particles are the leading causes of respiratory illnesses 
in the majority of exposed mine employees (Pan, et al., 2021; Blackley, et al., 2018). This 
occurs when RCMD is inhaled for prolonged periods of time, particularly the following particle 
size ranges: inhalable particles (PM10) that can enter via the nose and mouth, thoracic 
particles that can pass through the larynx, and respirable particles (PM2.5) (Vincent, 1999)￼.  
 
Inhaled minerals and organic particles facilitate nonneoplastic reactions in the lungs which 
alter the cell structure causing pneumoconiosis (Huang & Finkelman, 2008). RCMD dust may 
include coal, toxic silica (in the form of quartz), aluminosilicate minerals, calcite, dolomite, 
and diesel particulate matter dust. The aforementioned are deposited in the fragile alveolar 
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lung system, leading to severe and potentially deadly pulmonary infections such as coal 
miners' pneumoconiosis (Pan et al., 2021). Moreover, respirable minerals like quartz induce 
silicosis and pulmonary fibrosis in exposed miners (Moreno, et al., 2019). The presence of 
silicon dioxide (quartz) induces fibrotic lung disease, silicosis, however, the onset of CWP can 
be induced by free crystalline silicate particle structure (Huang & Finkelman, 2008). 
 
Equation 1, below, shows the Fenton reaction that produces •OH radical from coal dust and 
H2O2. Surface iron in coal dust was found to have an impact in the •OH radical generation that 
causes cell damage through lipid peroxidation in the lungs (Dalal, et al., 1995). Oxidative stress 
in toxicology studies of air pollution has been linked to the presence of Fe, Ni and V, which 
cause aldehyde generation that causes pulmonary inflammations (Trechera, et al., 2020).  
 

Fe(II) + H2O2  à Fe(III) + •OH + OH- Eqn. 1 

When large volumes of inhaled respirable coal dust enter the alveolar area of the lungs, they 
cause an overproduction of reactive oxygen species (ROS) and other compounds, which 
challenge and override the body's antioxidant defence systems. Coal mine dust may be 
cytotoxic instantly, especially if the particles contain bio-reactive surface radicals, but it can 
also induce cell damage indirectly by activating alveolar macrophages, which produce ROS 
and proteins that aggravate inflammation around the macule site. Furthermore, redox-
inactive metallic metals such as lead (Pb), cadmium (Cd), mercury (Hg), zinc (Zn) and 
aluminium (Al) may generate ROS by direct chemical reactions with cellular molecules (Valko, 
et al., 2016; Birben, et al., 2012; Kelly & Fussell, 2012; Ercal, et al., 2001).  
 
2.3 Coal Dust Generation 
A range of factors contribute towards mine dust that is generated within a coal mine. The 
following section will highlight the different ways in which dust forms within a coal mine 
environment.  
 
2.3.1 Natural Coal Mine Environment 
2.3.1.1 Type of Mine Operation and Coal Extraction 
The nature of the activities inside the mine influences the quantity of dust generated. 
Opencast coal mining generates more dust and air pollution relative to underground mining 
owing to the differences in mining operations employed (Trechera, et al., 2020; Lal & Tripathy, 
2012). Overburden removal, in opencast mining, necessitates the operation of excavators, 
conveyor belts, material loading and off-loading, all of which generates and distributes 
copious amounts of particulate matter causing dust pollution (Ghose, 2007) . The dust 
composition is influenced by the thickness and the grade of the coal yielding seams being 
mined (Moreno, et al., 2019).  
 
Drilling activities used in mines during coal extraction produce dust, with mine excavation 
generating dust which is 3% of the net mass of excavated material (Brodny & Tutak, 2018). 
Liberated dust particles disperse across a radius of 80 m to 100 m from the coal mine, and the 
dispersion is such that big particle size dust particles will settle quickest, while lighter, 
relatively small sized particles, will be transported the furthest (Sastry, et al., 2015).  
 
The geological characteristics of the mine, such as the depth of the coal yielding seams and 
the surrounding rock, as well as the ease with which the coal can be recovered, will affect the 
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degree of and kind of mechanisation used. In underground mining where, traditional longwall 
mining is still heavily applied, research highlights that the application of shearers contributes 
over 50% of dust generation along the working fronts (Colinet, et al., 1997) .  
 
2.3.1.2 Coal Rank and Size Reduction Processes 
The amount of dust generated during coal size reduction is affected by the type and grade of 
coal. Bituminous coal, a common fuel in the energy sector, disintegrates into smaller particles 
than lower rank coals (Organiscak & Page, 2000). As a result, for the same coal size reduction 
process, such as jaw crushing, coal of a higher rank will produce more respirable-sized 
particles than low grade coal (Attfield & Morring, 1992). Moreover, the non-combustible 
material, volatile matter, fixed carbon, fuel content and moisture content of the coal 
influence the dust generating properties for coal (Jha, et al., 1996). The potential for mined 
coal bearing seams to generate ARMD increases with an increase in the fixed carbon levels, 
and has an inverse relationship with volatile matter content and ash content (Jha, et al., 1996; 
Srikanth, et al., 1995; Organiscak, et al., 1992).  
 
2.3.1.3 Meteorological Factors 
Wind erosion, according to research conducted in India, produces copious quantities of dust. 
The dust generation, as a result of wind erosion, is influenced by wind speed and direction in 
relation to the exposed area or stockpile in the mine (Majee, 2000) . The amount of coal mine 
dust production through wind erosion is also affected by the meteorological season, with a 
research study done in South Africa's Witwatersrand area highlighting that there is greater 
dust dispersion during the dry season of the year due to the availability of dry coal mine debris 
(Ojelede, et al., 2013). As a result, there is a positive relationship between wind speed, wind 
erosion, and dust fall (Naddafi, et al., 2006) . Moreover, the degree of dust production is 
affected by spatial circumstances as well as changing surface wetness (Macpherson, et al., 
2008; Majee, 2000). 
 
2.3.2 Artificial Laboratory Dust Generation 
The artificial generation of fine powdered samples on a laboratory-scale can be undertaken 
in a variety of ways, including the use of a laboratory scale comminution processes such as 
the pulveriser and a jaw crusher. Subsequently, the powdered samples can be subjected to a 
series of sieving and screening to obtain the targeted particle size range/texture in the 
powdered sample. Laboratory-scale wind tunnels can be utilised to suspend dust size 
particles. The wind tunnel mimics the environmental wind conditions that would be observed 
in an actual coal mine environment.  
 
2.3.2.1 Dust Suspension in Wind Tunnel 
A variety of wind tunnels for various purposes have been reported in the literature. These 
wind tunnels may be used for the purposes of dust generation by using gravity and 
mechanical dispersion (Gill, et al., 1999). Furthermore, a wind tunnel that serves as a 
resuspension unit for aerosol particles is retrofitted with optical sensors which enable the 
characterization of the suspended dust as described by (Neuman, et al., 2009) through the 
use of fluidisation mechanisms or as a sample chamber. A common wind tunnel set-up is  the 
Lubbock dust production, analysis, and sampling system which can be used to suspend dust 
(Gill, et al., 1999). It contains mainly the dust source generator, the sample laser detector, a 
dust sampling chamber and a cyclone separator (see Figure 1). Various wind tunnels are built 
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in the same way, with a settling chamber connected to allow the resuspended aerosol 
particles to settle (Gill, et al., 1999) 

Figure 1: Lubbock dust production, analysis, and sampling system (Gill, et al., 1999) 
 
2.3.2.2 Laboratory Comminution Processes 
To reach the necessary particle size, a variety of methodologies for dust creation inside the 
laboratory are available, including single-stage and multi-stage dust generation. Samples may 
be ground in a single stage milling process and then separated to get the required particle 
size. Multi-stage milling incorporates a grinding and screening cycle that closely reflects how 
dust is created in deep mines as overgrinding is less likely to occur (Kaya, et al., 1996). The 
processes involved in multi-stage milling processes in, an effort to produce respirable dust, 
are highlighted in  Figure 2. 

Figure 2: Schematic of the processes associated with achieving a desired respirable dust of a 
particular size (Kaya, et al., 1996) 

 

Overgrinding of samples may result in the formation of extremely fine dust particles that can 
begin to aggregate inside the sample, generating agglomerates. This may have a detrimental 
influence on the creation of respirable dust and result in structural alterations in the coal dust 



 CHE4045Z Project 9 2021 

7 
 

sample (Kaya, et al., 1996). Furthermore, dust particles formed as a consequence of 
overgrinding may become more deformed and different to their original angular shape with 
sharp edges (Austin, et al., 1990). Lastly, the longer the residence time of the samples in the 
comminution process, the more likely they will be contaminated (Kaya, et al., 1996). 
 
2.4 Dust Monitoring and Control 
2.4.1 ARMD Emission Factors 
The quantity of dust distributed in mines is continuously measured in order to evaluate air 
pollution levels (Ghose, 2004). Emission factors may be used to calculate how much dust is 
produced. Table 1 reflects on data available that provides an overview of the status of mines. 
The research points out that size reduction processes during mining are the primary dust 
generator, with crushing and coal feeding generating the highest levels of dust at 3750 kg/d. 

Table 1: Emission factors for processes in the mining sector (Duprey, 1968) 

Source Material Emission 
Factor 

Units Dust generated 

Topsoil removal Overburden 0.029 kg/t 69.9 

Overburden 
removal 

Drilling Overburden 0.59 kg/hole 35.4 

Transportation in 
haul road 

Overburden 2.25 kg/vkt 357 

Coal 
extraction 

Drilling Coal 0.10 kg/hole 4.0 

Transportation  2.25 kg/vkt 135.4 

Size 
reduction 

Crushing and coal 
feeding 

Coal 1.5 kg/t 3750 

Unloading point 
to bunker and 
chute to dumper 

 1.15 kg/t 2875 

Wind Erosion Coal 2.33 kg/ha/d 1569 

 
2.4.2 Exposure Limit and Air Quality Standards 
The maximum amount of ARMD that coal miners in the global North, such as the United 
States, may be exposed to is 1 mg/m3 as a time weighted average (TWA) concentration on a 
10-hour exposure per day per 40-hour work week (National Institute for Occupational Safety 
and Health (NIOSH), 1995).  On the contrary, poorer nations in the global south, such as South 
Africa, have less stringent exposure limits of 2 mg/m3. The differences between the exposure 
limits of mining sectors in developing and developed countries are explicitly highlighted in 
Table 25, in Appendix  9.1.  
 
South Africa, by contrast, has less strict air quality regulations relative to the standards 
recommended by the World Health Organisation (WHO) (see Table 2). This implies that the 
South African population, and particularly mine employees, are at a greater risk of acquiring 
ARMD illnesses. However, a minimal ARMD concentration exposure of 0.5 mg/m3 may reduce 
CWP incidence to a 0.1% probability of developing respiratory diseases (NIOSH ,1995). 
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Table 2: Air quality regulations for suspended dust from different environmental regulatory 
bodies (WHO, 2021; Minister of Environmental Affairs, 2005) 1 

Source PM2.5 PM10 

South African (NEMA) 60 µg/m3 40 µm/m3 

World Health Organisation 15µm/m3 45µm/m3 

 
2.4.3 ARMD Monitoring Methods 
Coal mining activities produce a significant amount of dust, which contributes to air pollution, 
endangers mine employees' health, and has a detrimental effect on their working 
environment (Lebecki, et al., 2016). The method/technology used is affected by each 
country's occupational health and safety regulations. There are several techniques available 
(see Table 3) and accessible for the measurement of RCMD, which assist in ensuring that dust 
control measures can be implemented if need be.  
 
Table 3: ARMD measurement methods (Abbasi, et al., 2021; Lebecki, et al., 2016) 

Method Description 

Gravimetric 
sampler method 

This methodology employs gravimetric dust samplers, CIP-10. This 
device measures the amount of dust in the air.  
Limitation: This method has a low time resolution and the data that is 
generated is not immediately available to the user. 

Optical method 
(photometer) 

This technology can be used for the measurement of dust particles 
within a concentration range of 0-50 mg/m3. The common dust 
sampler is the PL-2. However, particulate matter properties, for 
example particle chemistry and size influence the ultimate result of the 
dust sample monitor.   
Limitations: Lack of consistency/ fixed relationship between 
scattering/mass with every measured particle refractive index, particle 
morphology, density and relative humidity. Lastly, field calibration is a 
requirement if this methodology is to be used. 

Size distribution 
of dust 

This technology is used for the analysis of the ARMD particle size. It 
employs 3-phase system: a laser, a system for sample provision and a 
detector. Data of different size particles can be obtained.  

 
Although the aforementioned sampling techniques have been used in the mining industry  as 
a mechanism for detecting whether mining samples maintain dust concentrations that are 
within the required occupational health standards, they fail to account for variation in the 
concentration of respirable mine dust, and the data from these machines takes days to weeks 
to retrieve (Abbasi, et al., 2021). 
 
2.5 Airborne Respirable Mine Dust Characterization 
Global standards define dust as dry particles suspended in the air, byeither earth natural 
forces or as a result of anthropogenic processes, which settles by gravity (WHO, 1999). 
Characteristics of coal dust (particle size, shape, chemical composition, and mineral 

 
 

1 Updated particulate matter air quality standards, correct based on a 24-hour mean, a maximum 
exposure limit that that should not be exceeded for more than 3-4 days per year. 
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association) determine the ability of the particles to enter the human respiratory tract and 
present potential pulmonary toxicity to the system.  
 
2.5.1 Particle Size  
The aerodynamic diameter of dust sized particles is of significance in the analysis of 
pulmonary/health concerns relative to geometric diameter as with the former, the behavior 
of the dust size particles in air can be determined (WHO, 1999). Particulate matter is divided 
into three types: coarse, fine, and ultrafine, which equate to PM10, PM2.5, and PM0.1, 
respectively (Kwon, et al., 2020). Particulate matter in the size range of 10-15 µm is the upper 
limit of inhalable particles that may escape the lungs' nasal defense system and reach deeper 
parts of the respiratory tract, notably PM2.5 dust size particles that permeate the alveolar 
membrane where gas exchange occurs (Wippich, et al., 2020). Furthermore, ultrafine 
particles may enter the alveoli and a tiny percentage can cross the pulmonary capillary 
border, into the blood stream (Kwon, et al., 2020). Small particles have a greater surface area, 
and a high proportion of fines in a sample gives a higher surface contact for coal toxicity 
adsorption relative to equal quantity of dust particles with a higher fraction of courser/bigger 
particles (Kwon, et al., 2020; Kelly & Fussell, 2012). 
 
Particle deposition in the pulmonary area of the lungs was discovered to be size dependent. 
In a simulated study of steady-state inhalation of ambient dust particles, Park and Wexler 
discovered a parabolic pattern, with a low deposition fraction of inhaled particles within 0.1-
1 µm and deposition rising beyond this size range (Park & Wexler, 2008). Gravitational 
sedimentation is thought to contribute to the observed increase in particle deposition larger 
than 1 µm (Park & Wexler, 2008). As coal dust comprises of a non-homogenous mix of 
particles with comparable shape or dimensions, a single sample will comprise of a range of 
particle sizes. According to Su et al. (2020), coal dust particles are categorized into three 
groups based on the dominance of PM10 mass percentage, as illustrated in Table 4. 

Table 4: Particle size category by PM10 proportion (Su, et al., 2020) 

Type Fine Symmetrical Coarse 

PM10 proportion  > 55% 45-55% < 45% 

 
2.5.1.1 Particle Size Distribution  
The particle size distribution (PSD) represents the sample's relative abundance of each size 
class. This allows for the generalization of size fractions within a sample; hence it is critical to 
select a representative sample when undertaking particle size analysis (Wills & Finch, 
2016).PSDs are available in a number of weighting distributions. The volume distribution 
represents the volume contribution of particles of a given size as a function of mass, assuming 
that all particles in the sample have the same density (Malvern, 2015). Furthermore, a 
constant descriptor that describes all population particle shapes must be constructed in order 
to generate a size distribution (SHIMADZU, n.d.). A number distribution is another kind of 
distribution function that works on the particle classification concept, determining size based 
on the frequency of the number of particles in a sample. Data from the literature, in the form 
of an example, shows that PSD on a volume distribution is biased. A sample of particles with 
an equal number weighting of size fraction 50 nm greater than 5 nm demonstrates how a 
number distribution shows that the 50 nm size group has a higher volume but the number of 
particles on a number distribution is the same (Malvern, 2015).  
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2.5.1.2 Real Mine Coal Dust Size   
Su et al. (2020) discovered that the finer the dust size particles in a sample, the bigger the 
specific surface area of the particles. According to the study, when the distance from the 
active mine face increases, the percentage of PM10 increases as a result of the flight distance 
from the dust source and the natural sorting behavior during flight (Su, et al., 2020). Finer 
particles with a smaller particle size and a lower density go further than coarser particles with 
a larger particle size and a higher density (Su, et al., 2020). Research findings by Trachera et 
al. (2020) backs up statements by Su et al(2020), since comparable tendencies were 
discovered in a coal dust characterization analysis of several mines in (see table 5). 
 

Table 5: Adapted average particle size description (Trechera, et al., 2020) 

Mine Location < 500 µm (%wt) < 10 µm (%v) < 2.5 µm (%v) 

BWC GW #7 60.52 15.10 4.77 

BWC GW #11 82.26 24.37 6.21 

BWC WF #7 92.32 27.76 5.72 

BWC WF #11 94.85 29.53 6.16 

BWC 1000 m WF #7 40.78 8.39 1.46 

BWC 50 m WF #7 57.00 18.20 3.50 

BWC 25 m WF #7 74.70 26.30 5.50 

BWC 15 m WF #7 76.80 26.90 5.60 

BWC FTW 71.03 11.99 6.20 

BWC Coal Mill  61.77 10.67 2.33 

SSC 2000 m WF d-3 88.7 65.6 19.5 

SSC 100 m WF d-3 84.7 57.5 20.3 

SSC 50 m WF d-3 80.6 51.9 18.1 

SSC 25 m WF d-3 79.5 46.5 15.7 

SSC WF d-3 87.9 38.7 13.5 

SSC Coal Mill  87 21.8 6.7 

SSC Coal Belt 29.7 12 4.4 

BSC  50 m WF #4-1 96.1 53.2 14.7 

BSC  100 m WF #4-1 95.7 57.7 16.1 

Key WF: working front, GW: Gunited walls, FTW: Floor of train wagons. BWC: Bituminous 
South West China, SSC, Subbituminous South China, SBC: Bituminous South China 

 
Coal dust particle distributions are not homogeneous among samples from the same mine, 
as seen in table 5. According to the study, dust properties alter with increasing distance from 
the source and are impacted by mine or coal seam variations, dust producing source, and dust 
dispersal trend (Trechera, et al., 2020). It is discovered that the working face, which is the 
main location of dust formation, has a considerable quantity of dust generated which 
comprises mostly of coarse particles. According to research on the characterisation of 
Australian coal mine dust, it also claims that there is a variance in physicochemical features 
across coal mine dust samples from the same mine, but the biggest difference was identified 
between samples from different mines in various geographical areas (LaBranch, et al., 2021). 
Air intake from roadways had a higher proportion of particles with a small particle size than 
the working fronts or midface samples from the mines in both study trials. However, a viable 
explanation for these findings of deviation within the same, as well as the source of particle 
fractionation that causes the PSD shift, has yet to be identified (LaBranch, et al., 2021).  
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2.5.2 Particle shape 
In the mining sector, particle form influences the effectiveness of procedures that employ 
fluids to extract precious minerals, such as flotation (Little, et al., 2015). Particle breaking 
during comminution operations results in a variety of particle morphologies ranging from 
regular to irregular, elongated rods and fibres. Numerous particle descriptors, such as dsieve 
and dv, particle diameter passing through an equivalent sieve aperture and equivalent 
volume, respectively, may be used to approximate particle shape to a sphere. However, the 
descriptors are limited to irregular forms and other particles that are not near to a spherical 
dimension, such as rods and needles, for which the spherical approximation is an 
overestimation (Malvern, 2015).In addition to using a sphere as an approximation to obtain 
a single number to describe a particle shape, acceptable approximate shape terms to describe 
possible particles and are described in table 6 and supported by Figure 3.  
 

Table 6: Approximate particle shape and descriptions adapted (Wills & Finch, 2016) 

Term Description 

Acicular Needle-shaped 

Angular Sharp-edged or having roughly polyhedral shape 

Crystalline Freely developed in a fluid medium of geometric shape 

Dendritic Having a crystalline shape 

Fibrous Regular or irregular thread-like 

Flacky Plate-like 

Granular Having approximately equidimensional; irregular shape 

Irregular Lacking any symmetry 

Modular Having rounded, irregular 

Spherical Global shape 

 

Figure 3:Different particle shape descriptors (Tunkin & Quintanilla, 2014) 
 
Particle shape may also be measured using two approaches that have been developed: 
parametrical and harmonical analysis. The parametric category is a two-dimensional 
descriptor based on the particle's projected form, and some shape descriptors are shown in 
Table 7. Harmonical analysis is a mathematically based approach for describing things (Little, 
et al., 2015). Parametrical techniques are widespread in mineralogy and are used in electron 
scanning microscope shape analysis, where it was shown that digital area is more accurate 
than digital perimeter, hence area-based and resolution-independent descriptors (aspect 
ratio, roundness) are chosen (Little, et al., 2015). Furthermore, the circularity findings 
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assumed that all small sized particles were circles but provided additional data for bigger 
particles (Little, et al., 2015). A single particle form may be created by combining image 
analysis roundness and aspect values with low roundness and aspect ratio with values close 
to one representing round species (Little, et al., 2015). 
 

Table 7: Particle size descriptors formulae (Little, et al., 2015) 

Particle shape descriptor Description Formula 

Aspect ratio Long axis

Short axis
 

Circularity 4πArea

Perimeter2
 

Roundness 4Area

π Long axis2
 

 
2.5.3 Chemical Composition 
2.5.3.1 Elemental and Mineral composition 
Coal is formed from plant material that has sedimented between rock layers, eliminating the 
possibility of oxidation, and metamorphizes under pressure and heat to coalify (Huang & 
Finkelman, 2008). Deposition of water and airborne sediments during coalification results in 
a complex heterogeneous structure with changing proportions of organic and inorganic 
materials (Schweinfurth, 2016; Huang & Finkelman, 2008; Britannica, n.d.). Quartz, calcite, 
pyrite, and clay are common plentiful minerals found in coal (Schweinfurth, 2016). Coal 
organic matter is composed of carbon, hydrogen, oxygen, and nitrogen derived from the 
gradual decay of plant matter, all of which are uniquely bound (Schweinfurth, 2016). RCMD 
is mostly composed of coal and mineral matter, which may include over 50 distinct elements, 
oxides, and intermediate compounds (Šrám et al., 1985; Braunstein et al., 1981). RCMD is 
made up of 40-49 percent coal and 50-60 percent mineral combinations (Walton, et al., 1975). 
Table 8 highlights inorganic minerals in RCMD that may comprise of silicates, sulfides/sulfates, 
and carbonates (Abbasi et al., 2021; Finkelm et al., 2019; Warae, 1982). 
 

Table 8: Common elements, oxides, carbonates, sulfates/sulfides and silicates of RCMD 
(Abbasi et al., 2021; Finkelm et al., 2019; Warae, 1982). 

Category Mineral Formula 

Carbonates Siderite FeCO3 

Dolomite CaMg(CO3)2 

Ankerite Ca(Fe, Mg, Mn)(CO3)2 

Calcite CaCO3 

Magnesite MgCO3 

Silicates Illite K0.65(Al,Fe,Mg)2.0[Al0.65,Si3.5]O10(OH)2 

Kaolinite Al2[Si2O5](OH)4 

Sericite KAl2(AlSi3O10)(OH)2 

Smectite Mx(Si4)(Al2-x,((Mg,Fe3+)x)O10(OH)2.nH2O 

Quartz SiO2 

Montmorillinite Mx(Si4)(Al2-x,((Mg,Fe3+)x)O10(OH)2.nH2O 

Sulfides or Sulfates Marcasite FeS2 

Pyrite FeS2 

Melnikovite FeS2 
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Category Mineral Formula 

Sphalerite ZnS 

Galena PbS 

Chalcopyrite CuFeS2 

Gypsum CaSO4.2H2O 

Jarosite KFe3(SO4)2(OH)6 

Hydrated iron 
sulfates 

FeSO4·xH2O 

 
Su et al. (2020) used X-ray diffraction to identify the common minerals in coal dust, which 
were clay, quartz, calcite, pyrite, dickite, brookite, nacrite, halloysite, and galena in varying 
proportions, with quartz and clay being the most abundant. Suspended dust in air intake near 
highways was shown to be more harmful, exposing trace elements, as a consequence of 
particle modifications during wind flight and particle impact breaking against nearby rocks 
(Su, et al., 2020). As a result, it is evident that dust is not homogenous over a single mining 
operation at many sampling sites. 
 
2.6 Effects of External Factors on Coal Dust Characteristics 
As already established that coal dust, sampled at different location points within the same 
mine are not homogenous and do not have the same physicochemical properties. This is 
mainly due to a range of external factors, explored in this section, which influence and alter 
the characteristics of coal mine dust.   
 
 
2.6.1 Wind Erosion Mechanism  
Wind erosion is one of other factors that act upon dust particles and may affect its 
characteristics. Wind erosion is primarily the resuspension of already fine particles which can 
be transported by wind force to deposit by settling when wind energy decreased beyond 
particle’s settling velocity. Particles in wind erosion experience three phases of movement 
that is detachment, transportation, and deposition. Dust particles in transition by saltation, 
creep and suspension experience detachment and abrasion, these modes of particle 
entrainment are illustrated in Figure 5 . Particle detachment,  discussed in section 2.6.1 is 
experienced by eroded dust as particles detach from the parent particles, and by inter-
collision they detach other particles, thus the breakage cycles go on (Kansas State University, 
2009). The principle of wind tunnel experiment adapts wind erosion mechanism with the 
breakage occurring induced by wind energy and collision between particles through 
detachment.   
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Figure 5: Illustration of wind erosion particle mechanism (Cornelis, 2006) 

 
2.6.2 Particle Breakage Mechanism and Fractionation 
Size reduction in mining has a chemical foundation, with the goal of liberating trapped 
precious elements or minerals from ore gangue  (Wills & Finch, 2016). Comminution puts 
mechanical stress on coal particles, making them brittle (Beekman, et al., 2002). The method 
of breakage has a considerable impact on the dust properties. Breakage of the produced dust 
particles in coal mining allows for the release of inorganic materials from the organic matrix 
(Liu, et al., 2005). Furthermore, mineral liberation in a sample may occur as a result of particle 
fractionation through two frequent processes inside the mine space: communication and 
detachment(Hesse, et al., 2017; Gaudin, 1939). Mineral liberation by comminution happens 
as a result of random particle fractionation when the fracture propagates across the mineral 
grain. Because of the equal distribution of minerals, the particles shatter into smaller sized 
particles with a unimodal distribution, resulting in a homogeneous element composition 
(Stamboliadis, 2008). 
 
Mineral liberation by detachment happens when particles fracture at their boundaries in a 
sample. This promotes the release of the particle's mineral phases. As a result, the element 
concentration varies within each particle size group (Hesse, et al., 2017). Depending on the 
kind and degree of the force applied on the particles, the breaking mechanisms determine 
the size reduction and morphology of the sample. Figure 4 depicts the various types of particle 
attrition and these are; abrasion from shear stress between particle surfaces, particle attrition 
as a result of low energy impact that produces small, rounded particles (Little, et al., 2017), 
impact and compression forces that result in irregular fractures that break along different 
planes depending on inter-mineral bonds, and high energy impact (Little, et al., 2017). 
 
According to Moreno's findings from a coal dust air quality study, there is a growing 
concentration of trace elements in fine dust particles. The findings and analyses confirm the 
hypothesis that particle fractionation changes the amount of elements hosted by the minerals 
in the coal dust, resulting in an increase in element concentration in total suspended particles 
(TSP), PM10, and fine PM2.5 (Moreno, et al., 2019).  The research also revealed that metals 
Sb, Sn, Pb, Zn, and Ni, which were previously reported in the PM2.5 range, had almost 
doubled in concentration owing to particle fractionation, resulting in a variance in element 
concentration (Moreno, et al., 2019).  
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Figure 4: Breakage mechanism and outcome forms (Little, et al., 2017) 

 
Moreover, particle attrition/breakage influences the particle shape. Inter-particle chipping 
forces, which culminate in more rounded particles and impact mechanism, results in a higher 
fraction of particles with a fractured angular particles pattern (Little, et al., 2015). 
 
2.6.3 Other Contributing Factors 
Additional contributing factors are outline below: 
 

Table 9: Brief outline of external factors that can alter particle characteristics 

External factor Description 

Comminution 
residence time 

Increased grinding time revealed particles to be more spherical as 
abrasion and chipping increased in a research study on the influence 
of grinding duration on particle shape (Kaya, et al., 1996).  

Mineral composition 
of sample 

Studies for air quality control some coal dust shape characterization 
showed to be depended on the composition, clay containing coal 
had irregular shape, smooth surface, and edges whilst expected 
description for pulverized coal dust would be block, angular 
transitions and fly ash particles be characterized by spheric solid, 
cenospheric hollow and irregularly shaped (Huertas, et al., 2012).  

Electrostatic forces Finer particles have more surface energy, resulting in stronger 
adhesion forces between the particles and their environment. 
Agglomeration happens because the particles may decrease their 
surface energy by agglomerating since they now form an interface 
with a lower interfacial energy than the pure isolated surface 
possesses (Walter, n.d.).  
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2.7 Methods of Analysis 
Coal dust and fine particles comprise of variable mineralogical compositions, each different 
and specific to the coal sample they were extracted from. Therefore, a range of microscopy 
technology, robust and highly efficient, providing information an exhaustive analysis on the 
elemental composition, morphology, grain size, distribution, and phase associations on a 
particle level (French & Ward, 2009). A range of methods are available for the analysis of the 
chemical composition of RCMD. These techniques include the use of thermal and/or 
spectroscopic techniques (Abbasi, et al., 2021). 
 
2.7.1 X-ray Fluorescence (XRF) 
To determine the chemical composition of samples/matter, they are subjected to 
multiwavelength radiation and a variety of chromatographic techniques. These techniques 
provide spectra (response as a function of the energy emitted X-rays that are emitted) that 
are indicative of the elements or compounds, with the strength of the spectra relating to 
concentration levels. Several of these procedures are non-destructive and are conducted on 
a small section of a filter sample, which expands the sorts of analysis that may be performed 
(Abbasi, et al., 2021).  
 
This approach utilizes an energy source that is larger than the binding energy of electrons 
from atoms' inner shells, resulting in electron displacement (Knight, et al., 2021) . For analysis, 
the XRF requires a thin layer of particles on a thin polycarbonate membrane or Teflon paper 
or utilize a uniform sample of infinite depth (Watson, et al., 1999) . This approach is more 
automated, non-destructive, and efficient in comparison to other accessible methods of 
examination, such as atomic absorption spectroscopy, which requires an acid extraction 
followed by single element quantifications (Gupta, 2007) . It has the ability to identify over 50 
elements, ranging from sodium to uranium, with the lowest detection limits (Chow & Watson, 
2012).  
 
Each element in the periodic table releases a unique characteristic radiation when exposed 
to short wavelength energy. The radiation released by XRF technology is in the 0.01-10 nm 
range, and it is produced by a controlled x-ray tube. The energy ionizes the individual atoms, 
causing an electron to be released from the atomic orbitals and the production of secondary 
x-rays, which are then converted to energy intensity peaks. These may be used to determine 
the elemental composition of a given sample (XRF Scientific, 2015).   
This may be accomplished by comparing the thin film standards with suitable modifications 
for overlapping peaks, matrix interferences, and particle and filter absorption to the X-ray 
peaks obtained during analysis and the elemental concentrations (Chow & Watson, 2012) . 
The technique is mostly used to determine the elemental composition of elements ranging 
from magnesium to uranium. This method has the distinct benefit of allowing elemental 
analysis to be performed with minimum disruption to the operation/experiment and samples. 
The technology, however, is limited in that it cannot detect the radiation released by all 
elements in the periodic table and there is significant an element overlap that needs to be 
accounted for (XRF Scientific, 2015).   
 
2.7.2 QEMSCAN 
This microscopy technique employs an automated image analysis that is utilised to identify 
the underlying minerals by using the chemical information generated by signals from a 
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Scanning Electron Microscope (SEM) such as the Backscattered Electron (BSE) and Energy 
Dispersive X-ray (EDX) (Liu, et al., 2005; Gottlieb, et al., 2000). The mineral phases contained 
in a sample are determined using EDS signals, which form an EDS spectrum that is combined 
with the BSE signal and compared to a mineral species identification program or database. lt 
is used for species identified during analysis which will be a representation of the elements 
or compounds present in the sample that have an identical chemical composition (Gottlieb, 
et al., 2000). 
 
Rock fragments and particulate matter can be analysed with QEMSCAN (Gottlieb, et al., 
2000). Samples can include milled/ground samples, particle sizes -212 µm to 1 mm, large 
samples such as granulated coal can be analysed (French & Ward, 2009). Samples, particularly 
particulate matter is prepared in readiness for QEMSCAN analysis by mixing samples with 
resin to form grain mounts to ensure random sample orientation and separation of sample 
particles (Gottlieb, et al., 2000). The mineral-organic complex of a sample can be analysed on 
a pixel-by-pixel basis. Data obtained from QEMSCAN can produce a distinct identification of 
the chemistry within an amorphous sample article (French & Ward, 2009). The limitation of 
this technology is the inability to independently analyse each particle hence fails to generate 
specific mineral surfaces (Williamson, et al., 2013). A range of measurement modes are 
available within QEMSCAN which are outlined below:  
 

Table 10: Measurement types available in QEMSCAN (SGS, 2013) 

Measurement mode Description 

Bulk mineralogical analysis (BMA) This measurement tool generates statistically 
sufficient data that aids in the identification of 
mineral phases, speciation, mineral distribution, 
and quantification. Primarily used to determine 
mineral proportions, bulk minerology, and grain size 
measurements.  

Particle 
mapping 
modes 

Particle Mineralogical 
analysis (PMA) 

Generates data with regards to the mineral 
liberation, association data and graphical depictions 
of the mineral texture of the samples via a 2-D 
mapping analysis. These measure modes allow for 
advanced analysis of minerals specific to the user, 
which includes grade vs recovery relationships and 
associated mineral release plots.  

Specific mineral search 
(SMS) 

 Trace Mineral search 

Field scan Mode is generally used for rock samples that have 
been mounted and polished.  

 
2.7.3 Laser Diffraction  
The laser diffraction is a particle size distribution modeling technology. The working principle 
of laser diffraction is passing a laser beam through sample in dispersion recycling through 
optical cell and measuring the angular intensities of laser scattering (Wills & Finch, 2016). A 
suitable dispersant for they analysis is one that is fluid with no solid contamination, has good 
affinity to the particles, not dissolve nor react with the sample (Huili, et al., 2017). The laser 
scattering is detected from different angles for intensity and a PSD is then generated through 
mathematical model like Fraunhofer or Mie theory (Wills & Finch, 2016).  
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The Malvern mastersizer available for this study adapts the Mie theory working with an 
assumption that all particles analyzed are volume equivalent spheres (Malvern, 2015). Mie 
requires input of refractive index and absorption of the sample and dispersant to account for 
light that passes through and absorbed by the particles (Malvern Instruments, 2007). 
Distinction between the different sizes is the dependence if scattering angle which is the high 
in small particles but lower for larger particles. Laser diffraction size detection range between 
0.01 to 3500 µm (Malvern Instruments, 2007). 
 
2.8 Hypothesis and key research questions 
 
2.8.1 Hypothesis 

• As a result of the different breakage and dispersion mechanisms that each sample is 
subjected to, dust-sized particles suspended in a laboratory wind tunnel will exhibit 
significantly different characteristics than dust-sized particles contained in coal 
sample powder that has been ground and generated via laboratory scale 
pulverisation.  

• Dust size particles suspended in a wind tunnel is more likely to have a spherical, 
smooth-edged morphology due to abrasion whilst pulverisation will have elongated 
and irregular particles due to impact mechanism.  

• The chemical composition of suspended particles will change as a higher percentage 
of minerals will be exposed through particle fractionation as the suspended dust size 
particles are in flight in the wind tunnel.  

• The wind tunnel particle size distribution will consist of a higher percentage of PM2.5 
and PM10 than the same powdered coal sample, containing dust size particles, 
prepared via pulverization.  

 
2.8.2 Key questions 
The following questions are formulated to address the problem statement and test the 
hypothesis outlined above: 

1. What is the particle size distribution and dominant particle sizes for each coal sample 
for the different dust size generating methods? 

2.  What is the chemical composition and observed mineral association/liberation for 
each sample? 

3. What is the particle shape using descriptors (roundness and aspect ratio) of each 
sample? 

4. What is the significant difference or similarity for the coal dust size sample 
characteristics prepared by pulverization or suspension in the wind tunnel? 

5. How is the laboratory generated dust different to a real mine dust sample? 
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3 Experimental Programme 
3.1 Scope of the Study 
The literature reviewed shows the need  to construct a link between particle characterisation 
and potential lung toxicity. As a result, this research will include the characterisation of coal 
dust samples suspended inside a wind tunnel using microscopic analysis: QEMSCAN and laser 
diffraction, as shown in Figure , A. The holistic scope, figure 5, B, will include the resulting 
findings which will be compared to those obtained from the examination of dust samples 
produced by laboratory pulverisation. The research will also conduct an exploratory 
comparison to see whether the properties of the dust samples created by the 
aforementioned distinct laboratory scale technique change in any manner. Finally, the 
acquired data will be compared to microscope analysis data derived from coal mine dust 
samples taken in the natural mining environment and obtained from the literature. 

Figure 6: Outline of the scope of the study highlighting the building blocks of the thesis 
research. The dark blue box, B, is the key scope of the thesis. The box highlighted in orange 

highlights all the experiments associated with the wind tunnel that are exclude from the 
scope of the project. 

B 

A 
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3.2 Methodology 
3.2.1 Sample Description 
The different coal samples, diverse in composition, used in the experiment were obtained 
from South Africa and Brazil. The South African coal sample is comparable to genuine coal 
composition and has a larger proportion of finer particle composition, but the Brazilian 
flotation coal sample may include a higher impurity content since it is a waste product from 
coal processing (Broadhurst, personal communication 2021, October 22). Taking the above 
into account, both samples will be subjected to the same standards of dust generation 
procedures under similar operational conditions. They will also be subjected to the same 
standardised technique for microscopy analysis using QEMSCAN, XRF and laser diffraction via 
the Malvern Mastersizer. 

Table 11: Coal mine samples utilised for laboratory dust generation (Broadhurst, personal 
communication 2021, October 22) 

Sample name Sample ID Description 

South African coal slurry 
waste 

Z-W-L-UF South African ultrafine coal sample, medium 
toxicity 

Brazilian flotation coal 
tailings 

BR-HS-F Brazilian high sulphur fine coal sample, high 
toxicity 

 
3.2.2 Wind Tunnel Sample Collection 
3.2.2.1  Wind Tunnel Overview 
A  wind tunnel was built in precise accordance with the diagram outlined in Figure 7 and 
Figure 8  . A commercial and industrial fan, Tampadair HVF portable 750 mm fan  (Figure 7, C) 
was used to simulate a wind generation source, a horizontal rectangular chamber/channel 
with glass walls (Figure 7, B), and a dust collection section consisting of an incline retrofitted 
with wood shelves assembled in a descending manner along the sample collection unit to 
allow samples to collect as they settle according to their settling velocities and particle mass 
(Figure 7, A). The fitted wood shelves are laced with plastic to minimise friction and promote 
ease of sample settling along the retrofitted wood racks. 

 
Figure 7: Wind Tunnel Schematic. A is the settling chamber unit, B in the test section 

chamber unit of the wind tunnel and C is the wind generation, with dimensions 4 m length, 
70 cm height and 70 cm width. 

C B 

A 
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Figure 8: Actual pictures of the retrofitted wind tunnel. A is the wind fan that was used for 
the experiment, B is the settling chamber unit that has the 3 different settling shelves with 

the lowest level shelf being the bottom shelf, followed by the middle shelf then the top 
shelf 

3.2.2.2 Dust Generation and Sample Collection 
The sample locations were adapted as shown in the diagram (Figure 7, A). The first sample 
site, an open plastic container test section tray, was located about 3 m from the wind 
generating point (wind fan) (Mangunda, personal communication 2021, October 22). The next 
bottom shelf sample point was placed slightly above the test section tray, with the succeeding 
modified racks built equidistant from each other. The settling chamber tray is the next sample 
step, followed by a specially engineered exhaust chamber that links to a water bucket system 
that works as a sink for all of the extremely fine coal dust particles that would not have settled 
on the previous sampling locations. The coal dust sample is placed into the wind tunnel's test 
chamber at position C.  
 
The fan is set at a constant speed throughout the suspension and sample collection of both 
coal samples. The coal samples are suspended in the chamber, and enough time is provided 
for the dust particles to settle and gather at the different sampling points of the wind tunnel. 
To avoid cross-contamination, two cleaning dust collection brushes were employed to extract 
the settled samples. The wind tunnel was carefully cleaned after each run and collection, to 
ensure that no dust sample traces were left behind. The wind tunnel was then allowed to dry 
completely. Thereafter, the experiment was repeated for a different coal sample.  
 

  

 

B 

C 

A B 
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3.2.2.3 Assumptions 

• Minimal electrostatic forces interference when samples are discharged in test 
chamber. 

• There is no cross contamination of samples. 

• Sufficient time is allowed for the wind tunnel to rest so that all suspended particles 
settle, and no samples are present in chamber when next experiment is undertaken. 

 
3.3 Microscopy Analysis 
3.3.1 QEMSCAN 
3.3.1.1 Sample Preparation 
25 ml sample/epoxy resin mounting cups were cleaned up high pressure air gun to remove 
any possible residual particulate matter from previous use to eliminate contamination. 
Collected samples with sufficient quantities, the original samples not resuspended in wind 
tunnel, were split in a rotary micro-riffler to smaller portions so as to obtain sub-samples that 
are a representative of initial sample batch that will enable the production of independently 
verifiable and valid analysis results. The 4 runs of sample splitting were done. Samples with 
low quantities of samples, however, were not riffled and split. The samples were then 
weighed to obtain a sample weighing of 0.2 g coal dust sample. This could not be achieved 
for all the available samples due to limitations in the quantity of samples available. The 
sample quantities are recorded in Table 26 in appendix B. 
 
The viscous carnauba wax used in the moulding of the coal dust samples is warmed in an oven 
until the solid wax is melted and flows like a liquid fluid. The measured coal samples in the 
mounting cups are then blended with the melted wax and agitated to achieve a homogeneous 
mixture. The combined samples are then placed in a 20oC oven and let to stand for an hour 
to thoroughly set in order to create dust/wax mould. The then solidified porous moulds are 
transferred to 30 ml mounting cups.  
 
Following that, the very viscous Aka-Resin liquid epoxy is warmed in an oven at 30oC for 30 
minutes to acquire the viscosity of a flowing liquid. The Aka-Cure Slow-2 epoxy curing agent 
is then combined with the epoxy resin at a 5:1 epoxy resin to curing agent ratio to initiate a 
chemical reaction that allows the liquid mixture to harden.  The samples are then placed in a 
vacuum impregnation unit that is connected to an external vacuum pump that draws on the 
epoxy/curing and systematically introduces it to the dust/wax mould in the 30 ml moulding 
cups. Mould labels are then added.   
 
 
 
 
 
 
 
 

 
Figure 8: Vacuum impregnating unit for porous coal dust/carnauba wax mould 

 
Figure 9: The introduction of the curing agent to the QEMSCAN wax moulds 

 

C A B 
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After that, the samples are placed in the oven and allowed to firm at 30oC. The samples are 
regularly examined to guarantee that the epoxy/hardener curing agent is setting properly and 
completely covers the dust/carnauba wax mould that is kept in the centre of the moulding 
cups. They are removed after they have completely solidified (see Figure 6, A).  

Figure 10: final coal dust epoxy-resin coated moulds polishing process 
 
Following that, the samples are polished using a Struers Tegrapol-11 polishing machine (see 
Figure 6). This is done to ensure that all samples are prepared in such a way that the same 
amount of desired sample is exposed by removing the same quantity of resin/hardener and 
to level the samples. The samples are then polished with aluminium oxide, 0.3M, then rinsed 
with water and soap. Finally, the samples are then placed in an ultrasonic cleaner, a 
SonicClean (see below) for approximately 10 mins. This is done to remove any impurities and 
dirt that may have not been removed in the previous cleaning process.  

 
 

Figure 11:Ultrasonic cleaner to remove any impurities contained in the sample 
 
The samples are the dried overnight in an oven at 30oC to fully dry up in preparation for 
QEMSCAN. The samples then undergo carbon coating so as to ensure that a thin conductive 
layer forms over the surface of the samples which will eliminate possible electro-charging and 
possible sample damage due to thermal energy. The samples are then place into a carefully 
controlled vacuum chamber to degas any trapped gases in the porous structure of the 
moulded sample resin blocks.  
 
3.3.1.2 QEMSCAN Analysis 
The instrument that was used is the FEI FEG QEMSCAN 650F model that is equipped with two 
Bruker XFlash 6130 EDS detectors. This technology employs an electron beam to generate 
mineralogical and textural data. Data is collected on a pixel-by-pixel basis (French, et al., 
2008). It produces digital pictures in which each pixel represents a mineral species in a limited 
area under the electron beam (Liu, et al., 2005). Furthermore, the technology allows for the 
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simultaneous measurement of the organic matter and mineralogical component in a sample. 
A range of variable grain size, chemistry, minerals, and organic composition can be obtained 
(Liu, et al., 2005). The measurement parameters that were used in this experiment are 
highlighted in Table 12. SIP was set which was specific to the coal that is being analysed. If a 
different SIP is used it would generate a suboptimal performance.  
 

Table 12: QEMSCAN measurement parameters that were used in the experiment 

Measurement Parameters Description 

Beam current 9 nA 

Accelerating voltage 20 kV 

Scanning step size This was chosen to enable the quality of the EDS sample 
spectra  

BSE brightness 232 for gold standard, 42 for quartz and faraday cup at 5 

Field area/size 800 µm 

Point scanning 3.0 

 
3.3.2 Malvern Mastersizer Laser Diffraction 
Malvern Mastersizer 2000 laser bench and sample dispersion unit of Hydro 2000G 
(collectively referred as the system in this section). The system was used connected to a 
Malvern software on a computer for analysis running and results recording. The standard 
operating procedure (SOP) used for previously pulverised coal dust sample was adapted with 
settings outlined in Table 26 in appendix B with the relevant accompanying details of the 
operation.  
 
To get the best representative sample of the wind tunnel generated dust samples a manual 
mix of the samples in the plastic packaging. Using a metal spatula, a tip amount was poured 
to the dispersant whilst observing the laser obscuration percentage. Similarly, for the liquid 
sample, the bottle was continuously rotated to mix, and a dropper will drop 3 ml of sample 
and inject to the dispersant. The sample was added until the obscuration is above 10% and in 
the green zone. Laser obscuration was not kept constant but was in the 10-12% range. The 
analysis was run with the start function at the target obscuration, and the results were 
recorded. Due to the low sample quantity, only single runs were performed for each sample, 
with monitoring of the weighted residual being less than 1% to assure the results are a good 
fit.  After each run, the system auto-cleaned 2 times and twice again before the next run. 
Hydrophobic particle residual on the dispersion unit wall was wiped with paper towel and 
flushed with demineralised water back to dispersant.  
 
The sample will run over the blue laser beam and the scattered light was detected and 
modelled using Mie theory to generate particle size volume distribution assuming all particles 
are spherical.  
 
3.3.3 Vanta XRF 
Sufficient coal dust samples, the Brazilian flotation sample, and the South African coal slurry 
sample, enough to were transferred into sample cup holders. These where then covered with 
a transparent 3520 polypropylene film of 5 µm thickness, that can allow light to pass through. 
The samples were then introduced to the enclosed XRF machine. The samples were prepared 
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in special non-destructive plastic sample holders. Due to the limitation of available sample 
quantity, some of the samples were subjected to the XRF machine for analysis in their 
glass/plastic vials and not the designated plastic containers.  Each sample was analysed in one 
run and the elemental composition data for each sample was captured.  
 
3.3.4 Ash Analysis 
A porcelain crucible was pre-weighted and the mass of each of the original Brazilian flotation 
sample and the South African coal slurry sample, both of which had not been pulverized or 
resuspended in a wind tunnel, were weighed, this is highlighted in the table below:  
 
 At a temperature of 750oC, the samples are subsequently combusted in atmospheric air for 
a period of 6 hours. After the samples have completely combusted, they are allowed to cool 
to room temperature, for 3 hours, in a desiccator to lower the likelihood of samples picking 
up moisture. The elemental composition of the sample is determined by analysing the ash 
residuals of combusted coal dust. This will allow the amount of carbon content in the sample 
to be determined, which will be presumed to represent the amount of coal content in the 
respective samples. This type of analysis is being used to supplement the QEMSCAN analysis, 
which has technical limitations in accurately identifying the composition of coal and 
distinguishing its chemical composition from that of carnauba wax. However, had that not 
been the case, ash analysis would have been utilised as an independent means of data 
validation.  
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4 Results  
Microscopy methods were used to examine coal dust samples produced by suspension on the 
wind tunnel adapted from previously pulverised sample by (Kamanzi, personal 
communication, 2021). The original reference samples that have not been exposed to any 
dust generating processes. However, owing to sample quantity constraints of wind tunnel 
dust size collected samples, processing the samples via QEMSCAN was the primary focus. As 
a result, only samples with adequate sample amounts were ran through all of the approaches 
listed below: 
Table 14: List of microscopy techniques that have been used to test the dust size particles in 

samples obtained from the wind tunnel sample suspension 

Sample ID Sample Analysis Technique Ash 
Analysis QEMSCAN Laser 

diffraction  
XRF 

Brazilian Sample  

Test section tray - X X - 

Settling chamber X - X - 

Top shelf X - - - 

Middle shelf X X X - 

Bottom shelf - X X - 

Test section floor - - X - 

Original sample X X X X 

Wall - X - - 

South African Sample 

Test section tray - X X - 

Settling chamber X - x - 

Top shelf X - - - 

Middle shelf X X X - 

Bottom shelf - X X - 

Test section floor - - - - 

Original sample X X X X 

Wall - X - - 

 
4.1 Particle Size Distribution 
This section outlines the resulting particle size distributions generated by Malvern laser 
diffraction. A sample output report from Malvern is shown in Figure 40 in the appendix for 
the illustration of data extraction interface. Results of the wind tunnel produced sample 
collected at different sample points are compared to the pulverised sample, using the original 
as reference of comparison. Table 15 shows the Malvern output of key particle distribution 
numbers of the size percentiles and mean diameter approximate for each sample. The full 
data output and analysis protocol quantity control like obscurity and concentration can be 
referred to in the Table 26table x, in Appendix B.  
 

Table 15: Malvern particle mean size and percentile diameters 

Sample D4,3 (µm) D3, 2 (µm) d10 (µm) d50 (µm) d90 (µm) 

South African Sample 

Original 216.6  27.72  13.84  186.2  472.1  
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Sample D4,3 (µm) D3, 2 (µm) d10 (µm) d50 (µm) d90 (µm) 

Test section floor 80.35  25.67  15.54  59.18  164.1  

Bottom Shelf 71.58  29.14  18.62  59.51  140.3  

Pulverised 11.74  4.296  1.918  9.534  25.97  

Brazilian Coal Sample 

Original 26.98  8.748  4.580  17.58  63.26  

Test Section Floor (TSF) 45.07  20.90  13.07  39.81  84.11  

Test Section Tray (TST) 37.21  18.68  12.91  33.69  66.59  

Wall Section 27.46  6.990  3.331  15.21  72.97  

Bottom Shelf (BS) 39.59  19.42  13.41  35.94  70.92  

Pulverised 14.01  6.153  3.657  10.42  23.03  

 
Pulverised samples for both coal types have the lowest particle size in all percentiles 
compared to all samples, with the maximum d90 of size 25.97 µm. The South African sample 
shows a decreasing trend in particle size from the original sample to test section tray and 
bottom shelf in that order with reference to d50 of 186.2 µm dropping to 59.18 µm. The 
bottom shelf and the test section floor samples have nearly similar mean particle size, but 
variation distribution which can be more visible in visual plot (see section 4.1.1-4.1.3). The 
Brazilian dust the wall, floor, bottom shelf samples have a maximum size of 84.11 µm 90% of 
the sample. This value falls below the value of the Brazilian original sample, thus the trend 
observed in the TSF, BS, TST samples is a decreasing d90 (84.11, 72.97, 66.59) µm and d50 
(39.81, 35.94, 33.69) µm, respectively. Volume weight average D4,3  and surface area average 
diameter D3,2 follows the same trend of decreasing particle size up the wind tunnel ramp and 
the pulverised samples is the lowest for both samples.  
 
4.1.1 Volumetric Size Distribution 
Particle size distribution results based on particle volume contribution of the laser diffraction 
response is shown in Figure 8 and Figure 9. Figure 8 shows the volumetric distribution of the 
South African coal sample. On a volumetric basis the original sample has a high fraction of 
coarse particles with abundant sizes between 100 and 1000 µm. The bottom shelf and test 
tray results have a similar distribution ranging from 0.28 to about 700 µm with a peak around 
the 100 µm showing to be finer than the original sample. In comparison with the pulverised 
sample a high fraction of fines is reported as the fraction peaks furthest to the left and moving 
closer to PM10 size region. 
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Figure 12: South African coal slurry sample (W-L-UF) PSD compared with pulverised sample 

 
The Brazilian coal dust in Figure 13 has original sample reporting a broader distribution of 
particle sizes with abundance fraction ranging between 1 and 100 µm. It is from this 
observation that more sample points of this coal type were analysed. The wall sample showed 
to be nearly a replica of the original sample with wide size distribution of particles. The test 
tray, bottom shelf and floor section show a fairly similar distribution with more definition of 
dominant particle size range on a mass basis with a peak around 50 µm.  In comparison to all 
samples, the pulverised dust size particle distribution has a high peak closer to the finer 
particles at PM10 and another small peak of around coarse PM100 emulating a bimodal 
distribution. In overall the pulverised sample has distinct definition of fine particles at greater 
abundance than the other samples.  
 

 
Figure 13: BR-HS-F sample comparison to the pulverised sample 

 
In context of classifying sample with fraction of PM10 particles, Table 16 draws the cumulative 
volumetric basis proposition of particulate matter. It can de deduced that only the pulverised 
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sample can categorize as symmetrical samples and all other samples are coarse. Of the 
Brazilian dust, the original and wall section show to have high fractions of PM10 compared to 
test tray, bottom shelf, and floor section. It can also be observed that particulate matter is 
increased in order of increasing size of 2.5, 4 and 10 µm for all samples.  
 

Table 16: Sample size proportion and classification 

Sample PM10 PM4 PM2.5 Classification 

South African 

Original 7.803 3.312 1.859 Coarse 

Test section tray 5.953 2.462 1.446 Coarse 

Bottom Shelf 4.641 1.928 1.102 Coarse 

Pulverised 51.95 24.34 14.59 Symmetrical 

Brazilian 

Original 29.47 8.184 4.378 Coarse 

Test section tray 7.096 2.408 1.344 Coarse 

Bottom Shelf 6.952 2.315 1.312 Coarse 

Floor Section 7.161 2.215 1.232 Coarse 

Wall Section 36.67 13.12 6.355 Coarse 

Pulverised 47.68 11.33 6.300 Symmetrical 

 
4.1.2 Number Particle Size Distribution 
The technique of moments was used to convert the distribution to the number distribution 
(Mangunda et al., 2019; Hove et al., 2007; Bramley, et al., 1996; Litster et al., 1995). The 
particle mass contribution to the size analysis has no effect on the number distribution, hence 
it is the focus of this section. The Malvern output data was in volume basis, and the conversion 
to particle number distribution was performed using the technique described in 9.2.1.2 in the 
appendix, considering the solid content in the dispersant. Figure 10 - Figure 12 illustrate the 
resultant number distributions, with all peaks migrating more to the finer particles. 
 

 
Figure 14: South African number particle size distribution 
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Figure 13 shows that the pulverized sample exhibits the biggest peak of particle number when 
compared to the original and suspended dust samples. This demonstrates that pulverised has 
more particles dispersed than the other samples. However, the particle size distribution is of 
relevance in this investigation, because the pulverised samples contain an excess of tsmall 
size PM1 particles. Figure 11 depicts a zoomed-in segment of the original and wind tunnel 
samples; the three graphs indicate a similar curve in the same region of PM10 and an increase 
in the percentage of PM1 particles. This shows that there is minimal variation in the size 
distribution of the samples. The original sample, on the other hand, has a larger proportion 
of smaller particles than the test tray and bottom shelf samples. 

 
Figure 15: Zoom South African number size distribution 

 
The Brazilian sample has a similar particle size distribution on a numerical distribution basis, 
with the test tray samples and bottom shelf samples covering each other. All samples have a 
considerable size in the 0.25 to 10 µm range, with peaks tilting to the left rather than a 
symmetric distribution. The wall and pulverised sample have the largest particle number peak 
at the far side of fine less than PM. The original sample PSD is located in the middle of the 
pulverised sample and the wall sample, which contains finer particles. The bottom shelf, test 
tray, and floor samples have the fewest small particles, with a peak size of roughly 0.5 µm. 
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Figure 16: Brazilian sample number size distribution 

 
4.1.3 Particle Size by QEMSCAN 
 Dust size samples that got deposited furthest in the wind tunnel being the settling chamber 
and the top shelf, were adequate to be analysed in the QEMSCAN. This section presents the 
QEMSCAN particle size distribution and the mean equivalent diameter (ECD) for each 
sampling point in the wind tunnel compared against QEMSCAN data generated for the 
pulverised sample (see figure 16 to figure 17).  
 

 
Figure 17: Particle size class distribution on a basis of mass in a 100g of each sample of 

South African coal sample 
 

Figure 17 demonstrates that the pulverised sample contains the most PM5 particles (54.32 
g), followed by the settling chamber sample (30.35 g). The pulverised sample contains 
particles with a maximum size of 25 m, while the other samples are scattered over all classes. 
The overarching pattern is that the number of particles decreases as particle sizes increase. 
The middle shelf had the largest proportion of particle sizes bigger than 45 µm in comparison 
to the other sampling locations, with 7.11 g of particles greater than 45 µm detected, the 
highest in all samples in the size fraction of 45 µm and more. 
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Figure 18 demonstrates that all particles in the Brazilian pulverised sample are less than 25 
µm in size, with the PM5 class having the maximum mass of 29.39 g. The top shelf sample has 
the greatest PM5 concentration of 30.06 g and is the dominating sample in the size 5-10 µm 
fraction by 27.99 g. The distribution of the original and settling chamber samples begins low 
at PM5 6.87 and 15.35 g, respectively, and then increases to a peak of 21.05 g between PM15 
and PM10, while the settling chamber peaks between PM5 and PM10 with a mass of 23.41 g. 
For the particle size fraction larger than 30 µm, the original sample has the largest mass 
percentage. 

 
 

Figure 18: Particle size class distribution on a basis of mass in a 100g of each sample of 
Brazilian coal type. 

 

 
Figure 19: QEMSCAN particle mean equivalent circular diameter 
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The pulverised sample was subjected to two experimental runs, and the mean ECD at a 95 
percent standard error estimate was estimated to be 9.95 ±1.4 µm and 6.31 ±0.15 µm for 
Brazilian and South African coal samples, respectively, as indicated in appendix section 9.3. 
(Kamanzi, personal communication, 2021). The pulverised sample has the lowest mean ECD 
within the lower and upper boundaries in the South African coal sample category, with a 
standard error of 6.46 µm. The original sample has a starting diameter of 8.734 µm, and the 
mean diameter decreases within a 1 µm range. The Brazilian sample category reveals that the 
pulverised sample has the greatest mean ECD and would still be the highest value at the lower 
limit of 9.91 µm. The ECD values of the original and middle shelf samples are almost identical, 
with a variation of just 0.028 µm. At 8.428 and 9.414 µm, the top shelf samples had the lowest 
ECD value, followed by the settling chamber. 
 
4.2 Elemental Composition Analysis 
4.2.1 XRF Results 
Analysis of the Brazilian coal samples  results indicate that the pulverised coal samples 
relatively have a higher fraction of aluminium oxide, calcium oxide, manganese oxide, 
potassium oxide, quartz, and titanium oxide in the sample with chromium oxide and quartz 
being the exception as evident in  Table 16.  
 

Table 16:Analaysis of the common metal oxides present in the Brazilian coal sample 

Elements 
Pulverised 
dust Original 

Middle 
shelf 

Settling 
chamber Units 

Al2O3 14.95 4.663 2.116 1.143 wt% 

CaO 0.960 0.092 0.088 0.122 wt% 

Cr2O3 0.010 13.21 6.361 3.823 wt% 

Fe2O3 2.540 0.115 0.085 0.090 wt% 

MnO 0.350 0.000 0.000 0.000 wt% 

P2O5 0.190 0.072 0.175 0.530 wt% 

SiO2 0.020 36.86 13.48 5.326 wt% 

TiO2 0.030 0.143 0.056 0.033 wt% 

 
Moreover, Figure 21, supports the data presented on Table 16. The pulverised sample has the 
highest Fe2O3 content relative to the dust size samples obtained from the wind tunnel.   
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Figure 21:Element concentration analysis plots of the Brazilian flotation coal dust samples 
generated via pulverisation or resuspended in a wind tunnel 
 
The concentration of metal oxides in the South African sample differs from that of the 
Brazilian sample. The pulverised sample, the original sample, and all of the samples acquired 
from the wind tunnel sampling locations all had significant quantities of Fe2O3, with the 
pulverised coal sample having the highest concentration in comparison to the other samples. 
The concentration of metal oxides tends to rise as you advance up the wind tunnel ramp 
sampling locations (in the middle shelf and the settling chamber) as evident with the data in  
 

Table 17:Concentration of metal oxides of the South African Coal samples 

Elements 
Pulverised 

dust Original Middle shelf 
Settling 

chamber 

Al2O3 4.847 15.19 16.35 26.27 

CaO 0.762 1.054 1.316 3.064 

Cr2O3 0.128 0.000 0.000 0.058 

Fe2O3 23.47 6.381 8.254 11.17 

MnO 0.503 0.030 0.039 0.037 

P2O5 0.087 0.435 0.453 0.982 

SiO2 0.021 23.35 25.53 48.77 

TiO2 0.074 1.108 1.270 2.507 
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Figure 21:Element concentration analysis of the Brazilian flotation coal slurry dust samples 

generated via pulverisation or resuspended in a wind tunnel 
 

Elements 
Pulverised 
dust Original 

Middle 
shelf 

Settling 
chamber 

Al2O3 4,847 15,19 16,35 26,27 

CaO 0,762 1,054 1,316 3,064 

Cr2O3 0,128 0,000 0,000 0,058 

Fe2O3 23,467 6,381 8,254 11,173 

MnO 0,503 0,030 0,039 0,037 

P2O5 0,087 0,435 0,453 0,982 

SiO2 0,021 23,35 25,53 48,77 

TiO2 0,074 1,108 1,270 2,507 

 
4.3 QEMSCAN Results 
4.3.1 Minerology 
The South African samples in generally, showed a BSE images as illustrated in Figure 24. 
Common features of the BSE images of all the coal dust samples suspended in a wind tunnel 
are pockets of trapped air enclosed by coal, of which the QEMSCAN system identified as the 
sample background. This trend is contrary to what is observed for the Brazilian coal sample 
where-the BSE image in Figure 25. The BSE images obtained of the polished samples reflects 
different mineral associations and liberations. The South African samples commonly have coal 
and pyrite mineral association and the Brazilian coal samples have a greater fraction of coal 
and clay (kaolinite) mineral association (see 
Appendix B, QEMSCAN results). 
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Figure 24: General BSE images of the South African coal samples (A) and (B)   

 

 
Figure 25:General observations of the BSE images of the Brazilian coal sample (A) and (B)   

 
4.3.2 Data Validation 
4.3.2.1.1  Coal Mass Verification via Ash Analysis 
The analysis of QEMSCAN had various uncertainty, first being the detection of the mould wax 
in the scan field which was close to coal BSE identification. As a result, the BSE was increased 
which could reduce the coal detected. Thus, an ash analysis was taken to test the confidence 
of coal results in the samples and have the qualitative adjustment thereof. The ash combusted 
all the carbon content and the mass difference after was assumed to be coal and the results 
are seen below in comparison to the detected coal by QEMSCAN.  
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B A 
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Figure 26: Parity plot of comparison of QEMSCAN reported coal mass composition against 

coal content calculated from ash analysis. 
 
From figure 20 it can be seen that QEMSCAN shows an overestimate of coal in the analysis 
for RSA and the BR an underestimation is seen. The average coal content by mass weight at a 
95% confidence of error estimate the average coal content by weight in the RSA and BR 
samples were 30.70 ± 21.54 wt% and 6.904 ± 10.39 wt% respectively. Section 9.3.3.1 in the 
appendix C shows the data for the ash and associated error analysis.  
 

4.3.3 Material and Mineral Composition 
The resulting mineralogy adjusted from the correction of ash analysis is presented below in 
figure 23 (refer to section 9.3.3.2 for the sample calculation). South African coal samples are 
dominated by clay, coal and quartz. The clay content increased from original sample up the 
tunnel ramp with 50.1, 56.85, 65.355, 62.03% in the original, middle, top shelf and settling 
chamber respectively, whilst pulverised has the lowest clay content at 21.86 %. Coal is highest 
in the pulverised SA sample with 71.61% weighing. Meanwhile coal weight decreases from 
30.70% in the originalsample to 19.49, 16.47 and 14.86% in the middle shelf sample, settling 
chamber and top shelf samples respectively. The weight percentage of quartz ranges between 
8.24 and 11.54 % in the original and wind tunnel dust during which pulverised dust sized 
particles have 4.503 % weight content. Similarly, with pyrite, rutile and siderite the pulverised 
sample has the lowest content of these minerals. In the original and suspended dust samples 
in roughly constant ranging between 2.397 and 3.985%. Rutile is exposed more in the 
suspended dust with 5.14% in the middle shelf and low in the other samples. 
The resulting mineralogy adjusted from the correction of ash analysis is presented below in 
figure 23 (refer to section 9.3.3.2 for the sample calculation). South African coal samples are 
dominated by clay, coal and quartz. The clay content increased from original sample up the 
tunnel ramp with 50.1, 56.85, 65.355, 62.03% in the original, middle, top shelf and settling 
chamber respectively, whilst pulverised has the lowest clay content at 21.86 %. Coal is highest 
in the pulverised SA sample with 71.61% weighing. Meanwhile coal weight decreases from 
30.70% in the originalsample to 19.49, 16.47 and 14.86% in the middle shelf sample, settling 
chamber and top shelf samples respectively. The weight percentage of quartz ranges between 
8.24 and 11.54 % in the original and wind tunnel dust during which pulverised dust sized 
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particles have 4.503 % weight content. Similarly, with pyrite, rutile and siderite the pulverised 
sample has the lowest content of these minerals. In the original and suspended dust samples 
in roughly constant ranging between 2.397 and 3.985%. Rutile is exposed more in the 
suspended dust with 5.14% in the middle shelf and low in the other samples. 
 
The original Brazilian sample has 71.59% weight of pyrite and that fraction is decreased to 
39.25% in pulverised sample and further decreased in the suspended with tunnel dust from 
30.98, 14.94 and 13.91% in the middle, top shelf and settling chamber respectively. No trend 
in clay content but the weighting fluctuates between 3.524 and 7.374%. Coal content is lowest 
at the original sample sitting at 6.904% followed by pulverised dust-sized at 45.68% and the 
higher coal content in the suspended dust at 47.84, 59.94 and 74.47% in the middle, settling 
chamber and top shelf respectively. Quartz are high in the pulverised occupying 5.023% 
compared to original 3.816% and declines again up the ramp until the settling chamber at 
2.569%. Siderite is 9.243% in the settling chamber and decrease in the other samples whilst 
in the pulverised dust particles is negligible. Sulfates tend to start at high content in the 
original sample at 7.637% then decrease up the tunnel ramp until 2.678% in the top shelf. 
However, in the settling chamber sulfates increased to 5.911% and in pulverised they site at 
3.907%. It is worth noting the carnuaba wax was under 1% weight content except in the 
Brazilian pulverised sample accounting 1.645%.  
 

 
Figure 27: Mineral mass composition of coal dust samples from the original sample, pulverised 
and different sampling points of wind tunnel. 
 

4.3.4 Mineral Liberation 
This section looks at the particle liberation of the key minerals which are quartz, pyrite and 
clay. The degree of liberation was classified into four categories: mostly liberated, mostly 
liberated, mostly encapsulated and fully encapsulated adapted from pulverisation data 
(Kamanzi, personal communication, 2021).Table 20 shows the degree of liberation for each 
mineral.  
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As observed in section 4.3.2.1, South African coal samples consist of a larger fraction of 
liberated clays. Clay particles are highly liberated with more than 70% in the suspended dust 
samples. The pulverised dust size particles have no highly liberated clay particles but mostly 
50% mostly encapsulated.  In the Brazilian sample the clay liberation liberated is low in the 
pulverised sample and the settling chamber, the dominant degree is mostly encapsulated at 
49.02 and 53.92% in this category.  
 
Pyrite particles are highly liberated in the original sample of the Brazilian coal by 64.14%. The 
degree of liberation for the top shelf is evenly distributed in all liberation classes. The 
pulverised sample is 50.73% moderately liberated and 34.70% mostly encapsulated. Suspend 
coal particles deposited in the settling chamber presented 63.66% mostly encapsulated and 
the fully encapsulates and moderately liberated are 15.60 and 15.48%. The general trend is 
the decrease in pyrite full liberation from original, middle shelf, settling chamber and 
pulverised samples in the sequence. Majority balance of the degree of liberation occurring in 
the moderate groups of liberation and encapsulation.  In the South African coal, there is an 
increase in liberation as the mostly encapsulated particles declines from the original at 
28.95% to samples up the tunnel ramp sequentially at middle shelf at 20.77 % until 14.06% in 
the settling chamber whilst pulverised is the 3.57%. Dominant degree of liberation is 
moderately and mostly encapsulated class for all sample, with an exception of the settling 
chamber having 36.88 and 36.04% being the fully and moderately liberated particles 
respectively.  
 
Quartz particles in the South African coal have similar spread in degree liberation within all 
samples in the highly liberated category.  The original and wind tunnel samples have the bulk 
particles in the moderately and mostly encapsulated particles whilst the pulverised sample 
bulk is distributed between both classes of encapsulated particles. In the Brazilian coal type, 
the quartz full liberation accounts for 42.62% of top shelf particles, whilst the settling 
chamber and pulverised samples are 9.85 and 18.92%. The pulverised sample is spread across 
all the liberation class with the dominant is mostly encapsulated accounting 41.24% of the 
particles. The settling chamber has increasing trend of particles from highly liberated to fully 
encapsulated.  
 

Table 20: Degree of particle liberation per mineral 

Type Sample 
Highly 
liberated 

Moderately 
liberated 

Mostly 
encapsulated 

Fully 
encapsulated 

Clay 

Brazilian  
Coal  

Sample 

Original 12.29% 24.14% 43.18% 20.24% 

Middle Shelf 24.80% 19.05% 35.08% 20.97% 

Top Shelf 36.20% 25.84% 25.26% 12.57% 

Settling 
Chamber 12.70% 20.39% 53.92% 12.92% 

Pulverised 1.95% 18.54% 49.02% 30.49% 

South  
African  

Coal  

Original 65.01% 17.58% 14.12% 3.25% 

Middle Shelf 73.35% 14.09% 10.00% 2.57% 

Top Shelf 75.00% 14.21% 9.17% 1.62% 
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Type Sample 
Highly 
liberated 

Moderately 
liberated 

Mostly 
encapsulated 

Fully 
encapsulated 

Sample Settling 
Chamber 72.86% 17.39% 8.41% 1.33% 

Pulverised 0.00% 32.35% 50.00% 17.65% 

Pyrite 

Brazilian 
Coal 

Sample 

Original 64.14% 2410% 11.22% 0.54% 

Middle Shelf 16.99% 38.50% 41.82% 2.69% 

Top Shelf 36.98% 32.31% 27.66% 3.05% 

Settling 
Chamber 5.27% 15.60% 63.66% 15.48% 

Pulverised 12.05% 50.73% 34.70% 2.52% 

South 
African 

Coal 
Sample 

Original 21.49% 25.88% 23.25% 28.95% 

Middle Shelf 18.58% 33.33% 27.87% 20.77% 

Top Shelf 5.95% 24.21% 53.57% 15.87% 

Settling 
Chamber 36.88% 34.06% 15.00% 14.06% 

Pulverised 23.01% 42.96% 30.47% 3.57% 

Quartz 

Brazilian 
Coal 

Sample 

Original 21.16% 22.17% 27.71% 28.97% 

Middle Shelf 11.84% 24.81% 36.09% 27.07% 

Top Shelf 42.62% 24.14% 23.70% 9.39% 

Settling 
Chamber 9.85% 13.28% 37.69% 39.19% 

Pulverised 18.92% 23.31% 41.24% 16.53% 

South 
African 

Coal 
Sample 

Original 26.11% 34.39% 27.81% 11.46% 

Middle Shelf 29.31% 31.73% 28.93% 10.03% 

Top Shelf 15.85% 40.35% 34.20% 9.59% 

Settling 
Chamber 28.17% 37.59% 25.35% 8.99% 

Pulverised 23.73% 17.96% 31.49% 26.83% 

 
4.3.5 Particle Shape  
 
The particle shape analysis was extracted from a QEMSCAN field matrix and a roundness to 
aspect ratio was used to classify the shapes to round, equant, elongate and angular. Table 22 
shows the combination of the two variables value to compute the shape categories.  
 

Table 22: QEMSCAN output roundness and aspect ratio combination for particle shape 
description. 

Shape Class Round Equant Elongated_smooth Elongated_angular Angular 

Roundness 0.55 -1 0.55-1 0.1-0.5 0.1-0.5 0.1-0.5 

Aspect ratio 0.8-1 0.45-0.75 0.45-0.75 0.1-0.4 0.1-0.4 

  
Figure 34below shows the distribution of particle shape classes across all samples. Both coal 
types have negligible round shaped particles fraction below 1% for all the sampling points. 
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The prominent shape class is equant, angular, angular elongate and smooth elongate in that 
decreasing abundance order.  
 

  
Figure 37: Overall sample particle shape distribution in abundance percentage 

 
The South African samples have equant starting at 53.26% in the original sample, pulverised 
had a slight increase in equant abundance to 55.75% and the settling chamber showed a 
further increase to 68.33%. The middle and top shelf are in small variation from the original 
sample within 5% bounds. Angular fraction in original the 33.92% and decreased from top, 
settling chamber and middle shelf at 31.2,28.22 and 23.64 respectively whilst the pulverised 
is at 28.58%. Angular elongate shaped particles are dominant over the smooth elongated. 
Pulverised elongate smooth is the lowest at 1% for both coal types. 
 
The Brazilian starts off with 72.31% equant particles and in pulverisation this shape decreases 
to 68.33% whilst in the wind tunnel it changes to 56.8260.23, 56.88 and 56.82% in the middle, 
top shelf and settling chamber. Elongated smooth particles increase in within 5% from the 
original to top shelf whilst the pulverised is below 1%.  
 
To further explore the difference for each mineral particle shape the results are presented in 
Table 35 of appendix C. Each mineral class adapts the general shape trend of described for 
the overall sample. 
 
5 Discussion 

 
Sample suspension in the wind tunnel offered a solid to fluid contact which offered particle 
attrition by the wind force. The attrition force particles reduced the chance of particle 
breakage. During suspension, the settling rate of particles in the wind tunnel is function of 
the wind direction and density of the particles. For this reason, less dense and small particles 
stay suspended in the air but wind energy they are transported further the tunnel, as this 
energy decrease magnitude particle settle. The tunnel wall ramp not only brings particles to 
a halt but the wind changes direction from there thus particles are get less dance particles 
get further suspended to the upper shelves and eventually to the settling chamber.  
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5.1 Sample Preparation Comparison and Context  

5.1.1 Characteristics Composition 
In the interest mineralogy, in pyrite dominated Brazilian sample, the pyrite declines from 
samples going up the win tunnel ramp is due to the density of pyrite of 5 g/ml which is higher 
than the coal density which increases to the fine particles of dust. In the pulverised this 
translate to the hardness of the minerals and the liberation. A limiting factor to the mineral 
profile could be non-representable sample.  
 
The constituent distribution of the Brazilian flotation and the South African slurry coal dust 
samples generated by pulverisation differs from that of samples suspended in the wind tunnel 
and the original reference samples. The particle fractionation procedure that the samples are 
exposed to is a major contributor to the relative variation in element weighting. Since the 
dust-sized particles formed by pulverisation varies in element content from the original 
unpulverized samples, a plausible explanation is particle separation by detachment, which 
results in samples with an elemental concentration profile that differs from the parent 
sample. 
 
The element concentration of the suspended coal dust samples is similar to the elemental 
concentration of the original unsuspended coal dust samples, with about ±1% variance, as 
evident in the QEMSCAN results. This is the outcome of particle attrition caused by random 
particle fractionation and a good representative of the original sample was analysed. The 
elements content of both the South African and Brazilian samples collected from the test 
section floor is essentially identical, with a ±1% variation. The major influencing factor is the 
influence of gravity on the samples as they are suspended in the wind tunnel; they settle onto 
the floor and are subjected to less particle attrition, as well as the influence of being 
transported along the laminar fluid flow in the wind tunnel test section. 
 
The particle shape of the pulverised dust size particles in comparison to the dust size particles 
that have been suspended in a wind tunnel reflect have particle shapes have slight differences 
in abundance. Both the dust size pulverised coal samples and the suspended dust particles 
from the settling chamber and top shelf have a negligible fraction of round particles. Then as 
expected the fraction of rounded particles was low in dust generation of the wind tunnel and 
pulverisation. 
 
The leading shape classes were equant and angular, and this distribution remained essentially 
consistent across all samples, suggesting that shape modification occurred less often during 
dust creation. Because there were no numerous runs of the shape analysis to model the 
standard error, the shape difference between the samples was not statistically demonstrated 
to be substantially different. However, one significant observable difference in the elongated 
smooth particles is that the pulverised sample had the least abundance in this class when 
compared to the wind tunnel samples (elongated smooth particle shape). 
 
Pulverisation contributed little to the rounding of the particles. However, the likelihood of 
overgrinding in pulverisation resulted in a decrease in the predicted angular particles due to 
impact random breakage. Particles that crawled may have become smooth in the tunnel, but 
the raised base of the fan and wind energy were insufficient to resuspend the dropped 
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particles. The initial sample was dominated by equant shaped particles, and suspending these 
had no notable effects. 
 
The dominant shape class equant and angular, this distribution stayed roughly constant in all 
samples, indicating less shape alteration occurring during dust generations. The shape 
difference between the samples was not statistically proven to be significantly different and 
this is due to no multiple runs of the shape analysis to model the standard error. However, 
one graphical observed difference in the elongated smooth particles is that the pulverised 
sample, relative to the wind tunnel samples have the least abundance in this class (elongated 
smooth particle shape). 
 
Pulverisation showed less contribution to moulding round of the particles. However, 
possibility of overgrinding in pulverisation caused the reduction in the expected angular 
particles as from the impact random breakage. Particles that could potentially get smooth in 
the tunnel would have been those that creeped but the elevated base of the fan and wind 
energy was not significant to resuspend the fallen particles. The original sample by nature 
was dominated by equant shaped particles, suspending these did not have significant 
changes.  
 

5.1.2 Comparison to Real Mine Dust  
In a broader context, the category of pulverised dust size particle which is more comparable 
to dust size particles that can be sourced from an actual mine working face which has a  
concentration of fine particles. This would imply that with prolonged exposure durations on-
site presents  unnoticeable PM that would persist in suspension for a longer amount of time. 
As a result, this process produces more harmful particles that may penetrate deeper regions 
of the respiration track and have a greater effect, while the surface area increases as well, 
exposing more surface of the coal dust particles to the body. Suspended fine particles coming 
from the same source,   do not present homogenous dust chemistry and morphology. As a 
result, the exposure levels that mine workers and neighbouring communities would 
experience will differ  (LaBranch, et al., 2021).  
 

5.1.3 Potential Toxicity  
The reported findings of pulverised particles and those suspended by the wind tunnel may 
have varied potential toxicity. In terms of particle size, the pulverised sample contains fine 
particles, which enhances the potential harmful impact when inhaled with the suspended 
dust particles. However, the top shelf sample in QEMSCAN had risen in particle size in less 
than 10 µm. The top shelf showed more finer particles in one sample than the settling 
chamber fines.  
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6 Conclusion, Uncertainty and Recommendations 
 
6.1 Uncertainty 
The particle size distribution data produced by laser diffraction in the study is constrained by 
the fact that it operates on the concept of equivalent diameter and the assumption of a 
perfect sphere, and particle shape influences particle size. Particles with a very irregular form, 
the edges of which scatter the laser beam light at a greater angle. As a result, illusory peaks 
of tiny particles develop on the resulting particle size distribution plots (Patchigolla, et al., 
2006). 
 
Different XRF machines were used for the analysis of the pulverised dust size particles and 
the dust size suspended particles from the wind tunnel. It is highly probable that the standard 
of measurement between the two XRF machine maybe different influencing the 
comparability of the pulverised samples to the wind tunnel samples. Furthermore, limited 
amounts of samples were available for XRF analysis.  As a consequence, during XRF analysis, 
the top shelf and settling chamber samples were tested in their glass vial sample holders than 
in conventional cups, resulting in a smaller surface area and no representative sample at the 
analysed face. This, therefore, culminates in the overall reduced level of integrity in the results 
obtained as the glass material of the vials is disruptive. The interference of glass vial during 
XRF analysis my lead to high silica concentration reported. 
 
Wind tunnel sample processing into QEMSCAN mounts/blocks was challenging. Figure 28 
shows that the polished samples were unevenly polished and had fractures. Since the 
polished surface was uneven, a true representation of the sample was not made accessible 
for the QEMSCAN analysis, creating a source of inaccuracy. Furthermore, during the 
QEMCSAN analysis, technical difficulties were experienced in distinguishing between the coal 
content and the background. As a result, the BSE and SIP calibrations employed for the wind 
tunnel samples differed from the calibration standards previously used for the examination 
of pulverized dust size samples. 
 

Figure 28: Polished QEMSCAN blocks with scratched, uneven surface 

Lastly, due to time constraints, the experiments of the wind tunnel and the subsequent 
microscopy analysis were only undertaken once. Therefore, the opportunity to statistically 
determine the level of accuracy and precision of the data was nearly impossible.  



 CHE4045Z Project 9 2021 

45 
 

6.2 Conclusion 
 
This study looked at two coal types which were analysed with using the original sample (as a 
reference point), dust was collected from the wind tunnel in comparison to dust sized 
particles generated through pulverisation. The main objective was to analyses the 
characteristics of the suspended dust and compare with the previously pulverised similar 
sample to derive whether the sample preparation of how different or similar these can be. 
The results are to validate if toxicity study results of the pulverised sample can be adopted or 
rejected to the toxicity of the suspended dust. The hypothesis was these two sample 
categories will be different due to their generation technique.  
 
The physicochemical characteristics that the coal dust size particles in samples generated via 
pulverisation are different to the dust suspended from the wind tunnel. The coal dusts 
samples have different particle size distributions, on a number and volume distribution basis 
with the pulverised sample showing dominant in the PM10 region. The wind tunnel sample 
as per size distributon shifted to the finer particles as they move up the wind tunnel. The 
lighter mineral and particles by molecular mass and particle size changed thus not giving 
homogenous wind suspended particles.  
 
The chemical composition and minerology of the dust produced by different techniques also 
differs. Each generates a different mineral oxides, organic matter and element profiles. The 
variations were not uniform for both coal sources, thus a general rule cannot be applied to 
estimate the change in characteristics prepared by wind tunnel compared to the pulverised 
dust size particles.  
 
Lastly, the abundance of particle shapes in the pulverised sample alines to the shape 
distribution of the wind tunnel dust sample within small variation not significantly tested. The 
dominant shape continued to be aquant followed by angular. Different external factors, 
independent of each other, influence the characteristics of the dust size samples each of 
which have been generated via different dust generation techniques.  
 
6.3 Recommendations 
To improve the quality of and confidence in the results obtained, the experiment should be 
repeated at least twice. The sequence in which the methods were undertaken, should have 
been rearranged, with the QEMSCAN done initially followed by the XRF then the Malvern 
Mastersizer analysis. XRF is nondisruptive hence would have assisted in making sure that that 
the shortage of samples for analysis would have been greatly reduced. Moreover, a study of 
the same coal samples, sourced from the same mine location, which considers the natural 
geographical and meteorological effects/impacts. This will allow for the determination of the 
extent to which the dust size particle generated on a laboratory scale differ to dust size mine 
dust in a natural mining environment  
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7 SHE Assessment, Ethical Clearance and Data Management 
7.1 Safety, Health and Environmental Assessment 
The study involves experimental work that was undertaken in the laboratory. The coal dust 
samples analysed are toxic (a skin, eye and respiratory irritant(ArcelorMittal, 2019) and 
combustible (see section 9.3.1, for MSDS). The paraffin wax that was used during sample 
preparation for QEMSCAN is flammable and is a hazardous material (see 
Appendix B, section 9.3.2).  To be fully conscious of the hazards in the lab, a Haz-Orp study 
was conducted. To avoid these hazards, full PPE will be worn to ensure a laboratory safety 
induction was undertaken to make sure that the key researchers were familiar with the 
hazards in the laboratory and the procedure to follow in case of an emergency.   
 
7.2 Ethical Clearance 
The undertaken research was based on experimental work that did not include people or 
animals as test subjects. The coal samples used for the experiment were procured from other 
researchers who have used them for their own independent research. Consent was obtained 
from the primary owners of the samples for secondary use of the samples to avoid potential 
ethical quandaries. There was impartial analysis of the data obtained from the experiments. 
No references we made to experiments and results that have been previously generated from 
researchers that have independently used the same samples for their own research. 
 
All experimental data was accurately captured and recorded with zero of data 
falsification/manipulation. The mines from which the samples were sourced was kept 
confidential to avoid any potential interest of conflicts and ethical concerns. Moreover, this 
allowed for the analysis of the results to be undertaken with zero biasness. Application for 
research ethics approval was processed on the 12th of October, however, due to time 
constraints an approved ethical clearance from the Department of Engineering, Built and 
Environment Ethics in Research committee was not recieved (see Appendix B: Ethical 
Clearance Application Form).  
  
7.3 Time-plan Study 
A time frame of the research was followed. The timeline for the research, in the form of a 
Gantt chart is highlighted in Appendix D(Figure 26: Gantt Chart for September, Figure , Figure 
). The timescale is segregated into 3 months each highlighting the key deliverables, interim 
deadlines of the team and a holistic overview of the planning dynamics of the research that 
was undertaken. However, the suggested timeframe could not be strictly adhered to as a 
consequence of unanticipated loadshedding that derailed the schedule outlined for the 
analysis of samples via QEMSCAN.   
 
7.4 Data Management 
All data resources that were used during the thesis research are available and easily 
accessible. All the data that was utilised for literature analysis to experimental results 
obtained from the laboratory were organised into comprehensive categories and made public 
for easy access by others. The data for the experiment was shared across platforms which are 
outlined in Appendix H.  
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9      Appendices 

9.1 Appendix A: Auxiliary Literature Review Information 
 

Table 25: Occupational exposure limits for respirable coal dust and free crystalline silica in 
various countries (NIOSH, 1995) 

Country  Recommended Value  Monitoring 
technology (National 
Academies of Sciences, 
Engineering, and Medicine, 
2018)  

Comment  

Australia  3 mg/m3  Gravimetric sampler  5 % respirable free 
silica  

Belgium  10 mg/ m3 / (% quartz + 2)      

Brazil  8 mg/ m3 / (% quartz + 2)      

Germany  0,15 mg/ m3  Pressurised-air-driven MPG II 
and a BMRC-type pre-sampler  

Quartz  

4 mg/ m3 Dust with quartz (> 1% 
by wt)  

South 
Africa  

0,1 mg/ m3  Gravimetric sampler  Alpha quartz > 5 %  

2,0 mg/ m3  Alpha quartz < 5 %  

3,0 mg/ m3 (platinum 
mines)  

Alpha quartz < 5 %  

UK  3,8 mg/ m3    At coal face  

USA  2,0 mg/ m3    < 5 % silica  

10 mg/ m3 / (% quartz)  Coal dust with > 5 % 
silica  

10 mg/ m3 / (% quartz + 2)  Silica: quartz  

Half of the value for 
quartz  

Silica: cristobalite, 
tridymite  
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9.2 Appendix B: Experimental Programme Protocol Data 
 

9.2.1 Mass readings for QEMSCAN  
 

Table 21: Quantity of samples measured for the set-up of mould blocks for QEMSCAN 

Sample ID Quantity Units 

Brazilian flotation tailings 

Test section tray - g 

Settling chamber - g 

Top shelf 0.10 g 

Middle shelf 0.19 g 

Bottom shelf 0.22 g 

Test section floor 0.20 g 

Original sample 0.22 g 

Settling chamber 0.08 g 

South African coal slurry 

Test section tray 0.20 g 

Settling chamber 0.21 g 

Top shelf 0.11 g 

Middle shelf 0.22 g 

Bottom shelf 0.20 g 

Test section floor - g 

Original sample 0.21 g 

 
Table 26: Malvern laser diffraction unit operation settings 

Optical properties  Refractive index Absorption 

Sample material Coal 2.42 1 

Dispersant name Water 1.33 - 

Measurement settings 

Sample measurement 
time 

12 s Measurement snaps 1200 

Background time 12 s Background snaps 1200 

Aliquots 1 per SCP Measurements 1 per aliquot 

Sampler settings 

Pump speed 850 rpm 

Stirrer speed 850 rpm 

ultrasonic none 

 
 
9.2.2 Malvern Mastersizer Laser Diffraction 
The particle size distribution of the Brazilian and South African coal sample were analysed 
using laser diffraction. 
 
9.2.2.1 Equipment Overview 
Laser diffraction was used to examine the particle size distribution. Each collected sample was 
ran once, and the data is shown in Table 26. On a volume distribution basis, all trials were 
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carried out with an obscuration of 11% ± 0.5 and a weighted percentage residual of less than 
1%. Figure 20 depicts a high-level view of the Malvern Mastersizer 2000 results interface 
report created with the appropriate tabular data in the next following pages. 
 
The experiment began with the system and computer being turned on, water supply being 
connected, and the sample discharge pipe connected to catchment plastic dish in the sink. 
The SOP was set as the table above and an equipment cleaning of the unit was facilitated on 
automatic full wash mode using tap water. The system was cleaned using an automated mode 
until the status bar was ready and dispersant was feed to the dispersion unit.   
 
 

 
Figure 37: Example of a Malvern Mastersizer results report interface 

 
Table 26: Sample key descriptions for malvern samples 

South African sample key Sample point description Brazilian Sample Key 

Ori W-L-UF Original sample Ori BR-HS-F 

Tes-W-L-UF Test Tray sample Tes-BR-HS-F 

BOT-W-L-UF Bottom shelf sample BOT-BR-HS-F 

- Floor section floor Floor-BR-HS-F 

- Wall section  WALL-BR-HS-F 

ZA-W-L-UF Pulverised sample BR-HS-F 

 
9.2.2.2 Conversion from Volume to Number Distribution 
The methodology that was applied is the method of moments undertaken on Excel to 
determine the number distribution highlighted on the reported data in section 9.2.1.1. A 
sample calculation, adapted from (Mangunda, personal communication 2021, October 27) is 
highlighted below:  
Using the Malvern output data in Table 27 for sample Tes-BR-HS-F on highlighted size cells 
and answers for the number distribution conversion are presented the preceding table 
thereof.  
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Delta particle diameter:  

ΔL =
0.5637 − 0.5024

1000000
= 6.130 𝑥10−8 𝑚 

Mean particle diameter: 

L̅ = Particle size +  
∆L

2
 

L̅ =
0.5024

1𝑥106
+

6.130𝑥10−8

2
= 5.330𝑥−7𝑚 

Number distribution calculation:  

N =
6 ∙ Vol% ∙ Conc (vol%)

100 ∙ π ∙ L̅2
 

N =
6 ×  0.05677 × 0.0269

100 ∙ π ∙ (5.330𝑥−7)2
= 2.950𝑥1014 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠  

 
Where, vol% is the vol% is the of the sample. The concentration (vol%) is the total 
concentration of the solids as measured. Lastly, N is the value of the number distribution.  
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9.2.2.3 Malvern Output data 
Table 27: Malvern output data for volume based size particle size distribution and key parameters 

Sample Name Ori W-L-UF Ori BR-HS-F Tes-W-L-UF Tes-BR-HS-F BOT-W-L-UF BOT-BR-HS-F Floor-BR-HS-F WALL-BR-HS-F BR-HS-F ZA-W-L-UF 

Obscuration 11,24 11,27 10,69 10,6 11,08 10,74 10,46 10,41 12,88 14,88 

Residual  0,509 0,445 0,207 0,275 0,197 0,269 0,257 0,409 0,48 0,474 

Concentration %vol 0,0416 0,0129 0,0376 0,0269 0,0449 0,0283 0,0299 0,0093 0,0104 0,0082 

Result transform type Volume Volume Volume Volume Volume Volume Volume Volume Volume Volume 

D [4, 3] - Volume 
weighted mean (µm) 216,624 26,983 80,352 37,205 71,583 39,592 45,073 27,463 14,069 11,735 

Uniformity 0,777 1,03 0,83 0,494 0,641 0,492 0,551 1,34 0,758 0,763 

Specific surface 
area m2/g 0,216 0,686 0,234 0,321 0,206 0,309 0,287 0,858 0,975 1,4 

D [3, 2] - Surface 
weighted mean  (µm) 27,715 8,748 25,668 18,685 29,144 19,408 20,902 6,99 6,153 4,296 

d (0.1) µm 13,84 4,58 15,543 12,91 18,623 13,41 13,071 3,331 3,657 1,918 

d (0.5) µm 186,251 17,575 59,181 33,69 59,51 35,942 39,806 15,209 10,415 9,534 

d (0.9) µm 472,091 63,257 164,13 66,592 140,325 70,916 84,11 72,966 23,032 24,966 

Result Between 
User Sizes (Sizes in 
µm) 0,02             

 0,02244 0 0 0 0 0 0 0 0 0 0 

 0,025179 0 0 0 0 0 0 0 0 0 0 

 0,028251 0 0 0 0 0 0 0 0 0 0 

 0,031698 0 0 0 0 0 0 0 0 0 0 

 0,035566 0 0 0 0 0 0 0 0 0 0 

 0,039905 0 0 0 0 0 0 0 0 0 0 

 0,044774 0 0 0 0 0 0 0 0 0 0 

 0,050238 0 0 0 0 0 0 0 0 0 0 

 0,056368 0 0 0 0 0 0 0 0 0 0 

 0,063246 0 0 0 0 0 0 0 0 0 0 

 0,070963 0 0 0 0 0 0 0 0 0 0 

 0,079621 0 0 0 0 0 0 0 0 0 0 

 0,089337 0 0 0 0 0 0 0 0 0 0 

 0,100237 0 0 0 0 0 0 0 0 0 0 

 0,112468 0 0 0 0 0 0 0 0 0 0 

 0,126191 0 0 0 0 0 0 0 0 0 0 

 0,141589 0 0 0 0 0 0 0 0 0 0 

 0,158866 0 0 0 0 0 0 0 0 0 0 

 0,17825 0 0 0 0 0 0 0 0 0 0 

 0,2 0 0 0 0 0 0 0 0 0 0 

 0,224404 0 0 0 0 0 0 0 0 0 0 

 0,251785 0 0 0 0 0 0 0 0 0 0,055921 

 0,282508 0 0 0 0 0 0 0 0,032269 0,023455 0,093571 

 0,316979 0 0,010252 0 0 0 0 0 0,079397 0,068248 0,140447 

 0,355656 0 0,066559 0 0 0 0 0 0,105138 0,085975 0,170041 

 0,399052 0 0,078596 0 0 0 0 0 0,125512 0,105967 0,198831 
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Sample Name Ori W-L-UF Ori BR-HS-F Tes-W-L-UF Tes-BR-HS-F BOT-W-L-UF BOT-BR-HS-F Floor-BR-HS-F WALL-BR-HS-F BR-HS-F ZA-W-L-UF 

 0,447744 0 0,092436 0 0,026181 0 0,025559 0 0,141339 0,124146 0,223823 

 0,502377 0 0,103494 0 0,056771 0 0,055636 0,011078 0,153682 0,141273 0,247163 

 0,563677 0 0,115351 0 0,056232 0 0,055426 0,053846 0,161249 0,159242 0,272426 

 0,632456 0,044397 0,127079 0 0,060775 0 0,060264 0,052337 0,166204 0,179915 0,3045 

 0,709627 0,055587 0,140047 0,027487 0,063113 0 0,063021 0,057755 0,170148 0,204189 0,347197 

 0,796214 0,0628 0,155848 0,056599 0,066984 0,012445 0,067252 0,058692 0,175904 0,234126 0,406889 

 0,893367 0,0737 0,175127 0,061099 0,069599 0,053366 0,070267 0,063759 0,186644 0,269921 0,487172 

 1,002374 0,088088 0,198902 0,073679 0,072722 0,058681 0,073677 0,068068 0,20611 0,311877 0,592167 

 1,124683 0,105272 0,227856 0,087884 0,076278 0,070817 0,077318 0,073429 0,238708 0,359366 0,724695 

 1,261915 0,125125 0,261661 0,104645 0,080622 0,083283 0,081415 0,079865 0,287898 0,409915 0,881985 

 1,415892 0,148403 0,301328 0,123231 0,086485 0,098324 0,08654 0,087594 0,359264 0,462914 1,065737 

 1,588656 0,173766 0,345478 0,142884 0,094324 0,113657 0,093052 0,096717 0,45352 0,514795 1,263835 

 1,782502 0,201614 0,396209 0,163375 0,105353 0,129791 0,102037 0,107953 0,576508 0,567134 1,475205 

 2 0,230457 0,453691 0,183257 0,120364 0,145655 0,114375 0,121632 0,725879 0,621249 1,684253 

 2,244037 0,260181 0,522124 0,202164 0,140726 0,161023 0,131582 0,138852 0,903607 0,685409 1,886099 

 2,517851 0,289993 0,605952 0,219326 0,16735 0,175417 0,154958 0,16056 1,106289 0,771328 2,071521 

 2,825075 0,319381 0,711007 0,234436 0,200622 0,188595 0,185474 0,187694 1,328305 0,895352 2,235306 

 3,169786 0,348737 0,846904 0,247976 0,241008 0,200878 0,224295 0,221753 1,567273 1,081324 2,379526 

 3,556559 0,377472 1,016562 0,260411 0,286257 0,21237 0,269912 0,262309 1,809385 1,344279 2,504598 

 3,990525 0,407078 1,232077 0,273597 0,336117 0,224243 0,322662 0,310996 2,055785 1,712918 2,623213 

 4,477442 0,437033 1,488169 0,288971 0,386223 0,237102 0,378231 0,365546 2,289986 2,18522 2,742326 

 5,023773 0,468853 1,79032 0,309389 0,435685 0,25268 0,435269 0,426583 2,513524 2,774032 2,878788 

 5,636766 0,502351 2,126196 0,337123 0,482493 0,272266 0,490077 0,491958 2,71822 3,454162 3,042003 

 6,324555 0,537885 2,485478 0,374935 0,528413 0,297716 0,541905 0,561444 2,903942 4,198216 3,241418 

 7,096268 0,575628 2,853825 0,425987 0,578954 0,331438 0,592659 0,636078 3,071627 4,965038 3,483071 

 7,962143 0,614736 3,205716 0,492048 0,64378 0,375459 0,647826 0,717416 3,220505 5,68363 3,760528 

 8,933672 0,656264 3,532613 0,578225 0,741859 0,434779 0,721735 0,814352 3,35709 6,312416 4,073481 

 10,02375 0,698552 3,806826 0,684043 0,890442 0,511332 0,829429 0,932815 3,477546 6,77118 4,393657 

 11,24683 0,742994 4,026597 0,815937 1,1195 0,612864 0,998001 1,090224 3,585332 7,027789 4,707061 

 12,61915 0,788162 4,179026 0,973003 1,448891 0,742664 1,250141 1,298826 3,673022 7,039875 4,970651 

 14,15892 0,834588 4,268018 1,159946 1,903432 0,908993 1,614383 1,578518 3,73526 6,801024 5,151308 

 15,88657 0,881854 4,297686 1,378166 2,492867 1,117896 2,109093 1,943583 3,762727 6,322217 5,209826 

 17,82502 0,929671 4,278205 1,627534 3,208168 1,373494 2,737091 2,400432 3,747537 5,645195 5,117933 

 20 0,979269 4,220884 1,914441 4,041242 1,686483 3,502689 2,960392 3,682895 4,812308 4,855192 

 22,44037 1,02979 4,139312 2,230531 4,922696 2,050176 4,351756 3,595171 3,570606 3,917432 4,434542 

 25,17851 1,083835 4,039755 2,586097 5,820671 2,47768 5,262742 4,302739 3,412065 3,000334 3,86418 

 28,25075 1,14022 3,931551 2,964898 6,626623 2,949247 6,133406 5,019422 3,22458 2,160711 3,205381 

 31,69786 1,201168 3,813268 3,370961 7,281068 3,467971 6,905239 5,714015 3,020903 1,428523 2,496273 

 35,56559 1,265863 3,683868 3,787115 7,694782 4,009368 7,478902 6,315307 2,824626 0,851936 1,809737 

 39,90525 1,334154 3,537279 4,200446 7,818631 4,553467 7,789535 6,769959 2,65296 0,438783 1,189809 

 44,77442 1,405823 3,365128 4,595195 7,621847 5,076577 7,787279 7,028254 2,518037 0,182349 0,679841 

 50,23773 1,478574 3,164493 4,942025 7,119913 5,537071 7,461213 7,051857 2,42595 0,063395 0,319081 

 56,36766 1,554518 2,92417 5,226876 6,338977 5,914052 6,822259 6,824257 2,365979 0,04589 0,037792 

 63,24555 1,631983 2,6533 5,416206 5,381951 6,161817 5,95506 6,365558 2,322498 0,094671 0 

 70,96268 1,717147 2,346449 5,497213 4,306051 6,263454 4,91436 5,69431 2,269229 0,176419 0 
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Sample Name Ori W-L-UF Ori BR-HS-F Tes-W-L-UF Tes-BR-HS-F BOT-W-L-UF BOT-BR-HS-F Floor-BR-HS-F WALL-BR-HS-F BR-HS-F ZA-W-L-UF 

 79,62143 1,813972 2,019559 5,450958 3,233787 6,195976 3,823621 4,878655 2,180861 0,260081 0 

 89,33672 1,933476 1,679111 5,271139 2,23257 5,954877 2,765915 3,97493 2,035042 0,325497 0 

 100,2374 2,088311 1,34187 4,960562 1,376959 5,548318 1,813271 3,055677 1,821086 0,359782 0 

 112,4683 2,290563 1,022235 4,539611 0,699795 5,006164 1,047231 2,195229 1,548038 0,359482 0 

 126,1915 2,558653 0,727574 4,026574 0,206132 4,353529 0,481793 1,434501 1,227207 0,327355 0 

 141,5892 2,89232 0,496217 3,475902 0,007716 3,658507 0,043168 0,832543 0,882201 0,270802 0 

 158,8656 3,301743 0,247547 2,90861 0 2,945285 0 0,397903 0,586697 0,206934 0 

 178,2502 3,757796 0,123217 2,379981 0 2,281348 0 0,116659 0,256205 0,12872 0 

 200 4,242103 0 1,90251 0 1,682009 0 0 0 0,063611 0 

 224,4037 4,702766 0 1,499033 0 1,178445 0 0 0 0,010674 0 

 251,7851 5,089047 0 1,17173 0 0,772847 0 0 0 0 0 

 282,5075 5,35149 0 0,915191 0 0,47024 0 0 0 0 0 

 316,9786 5,442523 0 0,724551 0 0,26111 0 0 0 0 0 

 355,6559 5,33277 0 0,579086 0 0,110937 0 0 0 0 0 

 399,0525 5,021109 0 0,469959 0 0,035811 0 0 0 0 0 

 447,7442 4,5143 0 0,377348 0 0 0 0 0 0 0 

 502,3773 3,861112 0 0,296031 0 0 0 0 0 0 0 

 563,6766 3,111579 0 0,223254 0 0 0 0 0 0 0 

 632,4555 2,302153 0 0,125944 0 0 0 0 0 0 0 

 709,6268 1,571748 0 0,062667 0 0 0 0 0 0 0 

 796,2143 0,840966 0 0 0 0 0 0 0 0 0 

 893,3672 0,153475 0 0 0 0 0 0 0 0 0 

 1002,374 0,023061 0 0 0 0 0 0 0 0 0 

 1124,683 0 0 0 0 0 0 0 0 0 0 

 1261,915 0 0 0 0 0 0 0 0 0 0 

 1415,892 0 0 0 0 0 0 0 0 0 0 

 1588,656 0 0 0 0 0 0 0 0 0 0 

 1782,502 0 0 0 0 0 0 0 0 0 0 

 2000 0 0 0 0 0 0 0 0 0 0 
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9.2.2.4 Number Distribution Data 
 

   ORI-W-L-UF Ori BR-HS-F Tes-W-L-UF Tes-BR-HS-F BOT-W-L-UF BOT-BR-HS-F 
Floor-BR-HS-
F 

WALL-BR-HS-
F BR-HS-F ZA-W-L-UF 

Size (um) del L mean L N% N% N% N% N% N% N% N% N% N% 

0.02             
0.02244 2.44E-09 2.122E-08 0 0 0 0 0 0 0 0 0 0 

0.025179 2.739E-09 2.38095E-08 0 0 0 0 0 0 0 0 0 0 

0.028251 3.072E-09 2.6715E-08 0 0 0 0 0 0 0 0 0 0 

0.031698 3.447E-09 2.99745E-08 0 0 0 0 0 0 0 0 0 0 

0.035566 3.868E-09 3.3632E-08 0 0 0 0 0 0 0 0 0 0 

0.039905 4.339E-09 3.77355E-08 0 0 0 0 0 0 0 0 0 0 

0.044774 4.869E-09 4.23395E-08 0 0 0 0 0 0 0 0 0 0 

0.050238 5.464E-09 4.7506E-08 0 0 0 0 0 0 0 0 0 0 

0.056368 6.13E-09 5.3303E-08 0 0 0 0 0 0 0 0 0 0 

0.063246 6.878E-09 5.9807E-08 0 0 0 0 0 0 0 0 0 0 

0.070963 7.717E-09 6.71045E-08 0 0 0 0 0 0 0 0 0 0 

0.079621 8.658E-09 7.5292E-08 0 0 0 0 0 0 0 0 0 0 

0.089337 9.716E-09 8.4479E-08 0 0 0 0 0 0 0 0 0 0 

0.100237 1.09E-08 9.4787E-08 0 0 0 0 0 0 0 0 0 0 

0.112468 1.2231E-08 1.06353E-07 0 0 0 0 0 0 0 0 0 0 

0.126191 1.3723E-08 1.1933E-07 0 0 0 0 0 0 0 0 0 0 

0.141589 1.5398E-08 1.3389E-07 0 0 0 0 0 0 0 0 0 0 

0.158866 1.7277E-08 1.50228E-07 0 0 0 0 0 0 0 0 0 0 

0.17825 1.9384E-08 1.68558E-07 0 0 0 0 0 0 0 0 0 0 

0.2 2.175E-08 1.89125E-07 0 0 0 0 0 0 0 0 0 0 

0.224404 2.4404E-08 2.12202E-07 0 0 0 0 0 0 0 0 0 0 

0.251785 2.7381E-08 2.38095E-07 0 0 0 0 0 0 0 0 0 3.29171E+15 

0.282508 3.0723E-08 2.67147E-07 0 0 0 0 0 0 0 1.34472E+15 9.77421E+14 3.89931E+15 

0.316979 3.4471E-08 2.99744E-07 0 3.0245E+14 0 0 0 0 0 2.34234E+15 2.01342E+15 4.14341E+15 

0.355656 3.8677E-08 3.36318E-07 0 1.39012E+15 0 0 0 0 0 2.19587E+15 1.79564E+15 3.5514E+15 

0.399052 4.3396E-08 3.77354E-07 0 1.16211E+15 0 0 0 0 0 1.85581E+15 1.56682E+15 2.9399E+15 

0.447744 4.8692E-08 4.23398E-07 0 9.67586E+14 0 2.74053E+14 0 2.67542E+14 0 1.47948E+15 1.29951E+15 2.3429E+15 

0.502377 5.4633E-08 4.75061E-07 0 7.66943E+14 0 4.20702E+14 0 4.12291E+14 8.20936E+13 1.13886E+15 1.0469E+15 1.8316E+15 

0.563677 6.13E-08 5.33027E-07 0 6.05158E+14 0 2.95006E+14 0 2.90777E+14 2.82488E+14 8.45949E+14 8.3542E+14 1.42921E+15 

0.632456 6.8779E-08 5.98067E-07 1.64892E+14 4.71976E+14 0 2.25721E+14 0 2.23823E+14 1.94382E+14 6.17288E+14 6.68211E+14 1.13092E+15 

0.709627 7.7171E-08 6.71042E-07 1.46157E+14 3.68231E+14 7.22726E+13 1.65945E+14 0 1.65704E+14 1.51857E+14 4.47377E+14 5.36882E+14 9.12899E+14 

0.796214 8.6587E-08 7.52921E-07 1.16898E+14 2.90101E+14 1.05355E+14 1.24686E+14 2.31655E+13 1.25185E+14 1.09251E+14 3.27433E+14 4.3581E+14 7.57396E+14 

0.893367 9.7153E-08 8.44791E-07 9.71214E+13 2.30781E+14 8.05159E+13 9.17172E+13 7.03254E+13 9.25975E+13 8.40213E+13 2.45958E+14 3.557E+14 6.41993E+14 

1.002374 1.09007E-07 9.47871E-07 8.21797E+13 1.85561E+14 6.87371E+13 6.78443E+13 5.47451E+13 6.87353E+13 6.35025E+13 1.92286E+14 2.90958E+14 5.52449E+14 

1.124683 1.22309E-07 1.06353E-06 6.95281E+13 1.5049E+14 5.8044E+13 5.03787E+13 4.67719E+13 5.10655E+13 4.8497E+13 1.57657E+14 2.37347E+14 4.78633E+14 

1.261915 1.37232E-07 1.1933E-06 5.85047E+13 1.22345E+14 4.89289E+13 3.76964E+13 3.89407E+13 3.80672E+13 3.73425E+13 1.34613E+14 1.91664E+14 4.1239E+14 
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   ORI-W-L-UF Ori BR-HS-F Tes-W-L-UF Tes-BR-HS-F BOT-W-L-UF BOT-BR-HS-F 
Floor-BR-HS-
F 

WALL-BR-HS-
F BR-HS-F ZA-W-L-UF 

Size (um) del L mean L N% N% N% N% N% N% N% N% N% N% 

1.415892 1.53977E-07 1.3389E-06 4.91235E+13 9.97439E+13 4.07912E+13 2.86278E+13 3.25467E+13 2.8646E+13 2.89949E+13 1.18922E+14 1.53231E+14 3.52774E+14 

1.588656 1.72764E-07 1.50227E-06 4.07204E+13 8.09595E+13 3.34835E+13 2.21039E+13 2.66344E+13 2.18058E+13 2.26647E+13 1.06278E+14 1.20637E+14 2.96168E+14 

1.782502 1.93846E-07 1.68558E-06 3.34478E+13 6.57312E+13 2.7104E+13 1.74781E+13 2.15324E+13 1.6928E+13 1.79094E+13 9.56429E+13 9.40877E+13 2.44737E+14 

2 2.17498E-07 1.89125E-06 2.70668E+13 5.32853E+13 2.15232E+13 1.41366E+13 1.7107E+13 1.34332E+13 1.42855E+13 8.52533E+13 7.29647E+13 1.97813E+14 

2.244037 2.44037E-07 2.12202E-06 2.16333E+13 4.34131E+13 1.68094E+13 1.1701E+13 1.33886E+13 1.09407E+13 1.15451E+13 7.51323E+13 5.69898E+13 1.56824E+14 

2.517851 2.73814E-07 2.38094E-06 1.707E+13 3.56685E+13 1.29103E+13 9.85083E+12 1.03257E+13 9.12139E+12 9.45115E+12 6.51202E+13 4.54032E+13 1.21937E+14 

2.825075 3.07224E-07 2.67146E-06 1.33093E+13 2.96293E+13 9.76948E+12 8.36038E+12 7.85918E+12 7.72912E+12 7.82164E+12 5.53535E+13 3.73114E+13 9.31503E+13 

3.169786 3.44711E-07 2.99743E-06 1.02883E+13 2.49851E+13 7.31572E+12 7.11015E+12 5.92625E+12 6.61709E+12 6.54209E+12 4.62372E+13 3.19009E+13 7.02001E+13 

3.556559 3.86773E-07 3.36317E-06 7.88374E+12 2.12315E+13 5.43884E+12 5.97865E+12 4.43548E+12 5.63728E+12 5.47848E+12 3.77901E+13 2.80761E+13 5.23101E+13 

3.990525 4.33966E-07 3.77354E-06 6.01901E+12 1.82173E+13 4.04537E+12 4.96979E+12 3.31563E+12 4.77084E+12 4.59835E+12 3.03966E+13 2.5327E+13 3.87865E+13 

4.477442 4.86917E-07 4.23398E-06 4.57469E+12 1.55776E+13 3.02483E+12 4.04283E+12 2.48189E+12 3.95917E+12 3.82639E+12 2.39707E+13 2.2874E+13 2.87056E+13 

5.023773 5.46331E-07 4.75061E-06 3.47443E+12 1.32672E+13 2.29273E+12 3.22864E+12 1.87248E+12 3.22556E+12 3.16119E+12 1.86265E+13 2.0557E+13 2.13332E+13 

5.636766 6.12993E-07 5.33027E-06 2.63545E+12 1.11545E+13 1.76862E+12 2.53127E+12 1.42837E+12 2.57106E+12 2.58092E+12 1.42604E+13 1.81213E+13 1.5959E+13 

6.324555 6.87789E-07 5.98066E-06 1.99773E+12 9.23118E+12 1.39253E+12 1.96255E+12 1.10573E+12 2.01266E+12 2.08523E+12 1.07854E+13 1.55924E+13 1.20388E+13 

7.096268 7.71713E-07 6.71041E-06 1.51352E+12 7.50368E+12 1.12007E+12 1.52227E+12 8.71464E+11 1.5583E+12 1.67247E+12 8.07636E+12 1.30548E+13 9.15819E+12 

7.962143 8.65875E-07 7.52921E-06 1.14429E+12 5.96722E+12 9.15914E+11 1.19835E+12 6.98892E+11 1.20588E+12 1.33542E+12 5.99475E+12 1.05797E+13 6.99997E+12 

8.933672 9.71529E-07 8.44791E-06 8.6482E+11 4.65525E+12 7.61981E+11 9.77617E+11 5.72949E+11 9.51097E+11 1.07315E+12 4.42395E+12 8.31846E+12 5.36801E+12 

10.023745 1.09007E-06 9.47871E-06 6.51697E+11 3.55149E+12 6.38162E+11 8.30717E+11 4.77035E+11 7.73796E+11 8.70247E+11 3.24429E+12 6.31701E+12 4.09896E+12 

11.246826 1.22308E-06 1.06353E-05 4.90719E+11 2.65941E+12 5.38895E+11 7.39386E+11 4.04773E+11 6.59141E+11 7.20051E+11 2.36797E+12 4.64158E+12 3.10883E+12 

12.619147 1.37232E-06 1.1933E-05 3.68521E+11 1.95399E+12 4.54948E+11 6.77459E+11 3.47248E+11 5.84529E+11 6.07293E+11 1.7174E+12 3.29164E+12 2.32413E+12 

14.158916 1.53977E-06 1.3389E-05 2.76261E+11 1.41278E+12 3.83959E+11 6.30064E+11 3.0089E+11 5.34384E+11 5.22513E+11 1.23643E+12 2.25124E+12 1.70516E+12 

15.886565 1.72765E-06 1.50227E-05 2.06654E+11 1.00712E+12 3.2296E+11 5.8418E+11 2.61968E+11 4.94246E+11 4.5546E+11 8.81759E+11 1.48155E+12 1.22087E+12 

17.825019 1.93845E-06 1.68558E-05 1.54233E+11 7.09756E+11 2.70008E+11 5.32236E+11 2.27863E+11 4.54084E+11 3.98232E+11 6.21718E+11 9.3654E+11 8.49067E+11 

20 2.17498E-06 1.89125E-05 1.15014E+11 4.95736E+11 2.24848E+11 4.74638E+11 1.98075E+11 4.11385E+11 3.47693E+11 4.3255E+11 5.65198E+11 5.70235E+11 

22.440369 2.44037E-06 2.12202E-05 85624078737 3.44172E+11 1.85462E+11 4.09308E+11 1.70466E+11 3.61836E+11 2.98928E+11 2.96886E+11 3.25723E+11 3.68719E+11 

25.178508 2.73814E-06 2.38094E-05 63798492845 2.37795E+11 1.52227E+11 3.42626E+11 1.45845E+11 3.09784E+11 2.53275E+11 2.00847E+11 1.76611E+11 2.2746E+11 

28.250751 3.07224E-06 2.67146E-05 47515564866 1.63837E+11 1.23554E+11 2.76146E+11 1.22902E+11 2.55593E+11 2.09171E+11 1.34376E+11 90041749556 1.33576E+11 

31.697864 3.44711E-06 2.99743E-05 35436513565 1.12498E+11 99449123855 2.14804E+11 1.02311E+11 2.03716E+11 1.68573E+11 89121813216 42143875517 73644329541 

35.565588 3.86772E-06 3.36317E-05 26438325546 76939843770 79096220722 1.6071E+11 83738111012 1.56201E+11 1.31899E+11 58994047330 17793206147 37797467782 

39.905246 4.33966E-06 3.77354E-05 19726644142 52301791295 62107300566 1.15605E+11 67327027555 1.15175E+11 1.001E+11 39226354561 6487793835 17592375947 

44.774423 4.86918E-06 4.23398E-05 14715596952 35224823708 48100676640 79782467979 53139592273 81514144466 73568972153 26357811476 1908756926 7116305643 

50.237729 5.46331E-06 4.75061E-05 10956965541 23450460210 36622852577 52762081163 41032438108 55291283177 52257752501 17977490848 469788343.7 2364548221 

56.367659 6.12993E-06 5.33027E-05 8155357151 15340864962 27421387570 33255723899 31026470113 35791131861 35801613827 12412467244 240749441.1 198265480 

63.245553 6.87789E-06 5.98066E-05 6061259357 9854477315 20116036317 19988811684 22885269606 22117364671 23641972981 8625863587 351612415.4 0 

70.962678 7.71713E-06 6.71041E-05 4514968398 6169619190 14454058373 11322084938 16468768762 12921537933 14972293985 5966581325 463866058 0 

79.621434 8.65876E-06 7.52921E-05 3376586017 3759272293 10146589123 6019475475 11533389669 7117411517 9081285850 4059525041 484123166.2 0 

89.336718 9.71528E-06 8.44791E-05 2547921413 2212720961 6946270825 2942065435 7847296073 3644903819 5238135494 2681764391 428937714.4 0 

100.237447 1.09007E-05 9.47871E-05 1948239822 1251865536 4627837726 1284600980 5176170634 1691647830 2850720805 1698938647 335650015.6 0 

112.468265 1.22308E-05 0.000106353 1512827738 675146443.2 2998236433 462187369.1 3306376536 691655328.6 1449863340 1022418866 237423873.9 0 
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   ORI-W-L-UF Ori BR-HS-F Tes-W-L-UF Tes-BR-HS-F BOT-W-L-UF BOT-BR-HS-F 
Floor-BR-HS-
F 

WALL-BR-HS-
F BR-HS-F ZA-W-L-UF 

Size (um) del L mean L N% N% N% N% N% N% N% N% N% N% 

126.191469 1.37232E-05 0.00011933 1196351037 340192245.3 1882707807 96381272.44 2035582368 225272264.3 670730559.5 573805970 153061588.9 0 

141.589157 1.53977E-05 0.00013389 957400342.5 164255105.2 1150574544 2554109.173 1211019477 14289241.16 275583944.2 292021470.5 89639433.93 0 

158.865647 1.72765E-05 0.000150227 773731902.3 58010272.52 681604942.7 0 690199378.3 0 93244763.48 137486832.2 48493004.29 0 

178.250188 1.93845E-05 0.000168558 623419578.4 20441740.37 394839621.8 0 378476375.1 0 19353766.04 42504492.81 21354689.86 0 

200 2.17498E-05 0.000189125 498228362.4 0 223446823.9 0 197549326.3 0 0 0 7471012.459 0 

224.403691 2.44037E-05 0.000212202 391021473.7 0 124640284.6 0 97984314.04 0 0 0 887512.4151 0 

251.785082 2.73814E-05 0.000238094 299559916.9 0 68972312.77 0 45492600.69 0 0 0 0 0 

282.507509 3.07224E-05 0.000267146 223008778 0 38138093.6 0 19595971.92 0 0 0 0 0 

316.978638 3.44711E-05 0.000299743 160563753.8 0 21375495.96 0 7703192.389 0 0 0 0 0 

355.655882 3.86772E-05 0.000336317 111378173.9 0 12094566.46 0 2316987.321 0 0 0 0 0 

399.052463 4.33966E-05 0.000377354 74241525.69 0 6948758.367 0 529497.224 0 0 0 0 0 

447.744228 4.86918E-05 0.000423398 47253899.73 0 3949929.016 0 0 0 0 0 0 0 

502.377286 5.46331E-05 0.000475061 28612752.51 0 2193736.348 0 0 0 0 0 0 0 

563.676586 6.12993E-05 0.000533027 16324055.83 0 1171241.598 0 0 0 0 0 0 0 

632.455532 6.87789E-05 0.000598066 8550301.371 0 467761.7673 0 0 0 0 0 0 0 

709.626778 7.71712E-05 0.000671041 4132664.559 0 164773.0361 0 0 0 0 0 0 0 

796.214341 8.65876E-05 0.000752921 1565401.253 0 0 0 0 0 0 0 0 0 

893.367184 9.71528E-05 0.000844791 202248.3007 0 0 0 0 0 0 0 0 0 

1002.374467 0.000109007 0.000947871 21514.2086 0 0 0 0 0 0 0 0 0 

1124.68265 0.000122308 0.001063529 0 0 0 0 0 0 0 0 0 0 

1261.914689 0.000137232 0.001193299 0 0 0 0 0 0 0 0 0 0 

1415.891569 0.000153977 0.001338903 0 0 0 0 0 0 0 0 0 0 

1588.656469 0.000172765 0.001502274 0 0 0 0 0 0 0 0 0 0 

1782.501876 0.000193845 0.001685579 0 0 0 0 0 0 0 0 0 0 

2000 0.000217498 0.001891251 0 0 0 0 0 0 0 0 0 0 

 
 
 
 
 
 



 

  
 

 



 

 

9.2.3 QEMSCAN Results 
Figure 25 shows the BSE images from QEMSCAN showing the common mineral phases.   
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Figure 38:BSE images generated by QEMCSAN of the South African and the Brazilian 
samples 

 
The common mineral associations and liberated minerals are pointed out below:  
 
Table 28: Mineral association/liberation analysis of the South African and Brazilian samples 

BSE 
Imagine 

Sample ID Common mineral phase 

A-B SA sample from top shelf Coal is associated with clays (commonly 
kaolinite), pyrite and quartz 

C-D SA settling chamber sample Common mineral associations is coal and 
rutile and liberated kaolinite mineral 

E-H Top shelf Brazilian sample Mineral association between coal, pyrite, 
gypsum and kaolinite. 

J-K,Q Settling chamber Brazilian Mineral association between coal, 
pyrites and kaolinites 

I, M-L SA settling chamber Coal, pyrite and quartz 

O-P SA original sample Commonly coal, quartz, kaolinite and 
pyrites 

R-T Middle shelf Brazilian Coal, quartz, kaolinite and gibbsite 

S SA Middle shelf Commonly quartz and gibbsite 
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9.2.3.1 Ash analysis validation for QEMSCAN mineralogy: 
 
The sample analysis at increased BSE lowered the confidence of coal detected by QEMSCAN 
and ash analysis was taken as a supplement. Below are results of the ash analysis experiment. 
 
Table 29: Ash analysis Mass readings and ash calculated content compared with QEMSCAN 

coal mass fraction. 

Sample Boat (g) Sample (g) 
Boat and 
Sample (g) 

Ash and 
boat (g) 

Ash 
content(%) 

QEMSCAN 
Coal (%) 

W-L-UF 1 37.972 1.0541 39.0276 38.4091 41.467 60.42 

W-L-UF 2 35.152 1.0267 36.1785 35.3566 19.93 60.42 

BR -HS-F 35.2784 1.0252 36.301 35.2959 1.707 3.137 

BR -HS-F 
2 35.4303 1.0478 36.4737 35.5571 12.10 3.137 

 
Assuming all the mass lost during the combustion is coal: 

𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =  100
𝐴𝑠ℎ 𝑎𝑛𝑑 𝑏𝑜𝑎𝑡 −  𝐵𝑜𝑎𝑡

𝑆𝑎𝑚𝑝𝑙𝑒
 

𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =
100(38.4091 − 37.972)

1.0541
= 41.47 𝑤𝑡% 

Getting the standard error(SE) for the coal content at 95% confidence level 
 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟, 𝑎𝑡 95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑙𝑒𝑣𝑒𝑙 =  2
𝑆𝐷

√2
 

 

Table 27: Standard deviation calculation of ash content 

Sample 
Mean ash 
(wt%) 

Standard deviation 
SD SE 2SE 

W-L-UF 30,70 15,23 10,77 21,54 

BR-HS-F 6,904 7,350 5,197 10,39 

 
 
9.2.3.2 Adjustments of mineral composition from ash coal content correction: 
The coal content deviation in each coal type was assumed to be the same in reference to the 
original sample. 
Sample M-BR-HS-F is used for the sample calculation and highlighted in table 30and table 31.  

• Correction factor: 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑐𝑜𝑎𝑙  =     
𝑛𝑒𝑤 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 𝑐𝑜𝑛𝑓𝑖𝑟𝑚𝑒𝑑 𝑐𝑜𝑎𝑙 𝑤𝑡%

𝑜𝑙𝑑 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 𝑐𝑜𝑎𝑙 𝑤𝑡% 𝑓𝑟𝑜𝑚 𝑄𝐸𝑀𝑆𝐶𝐴𝑁
 

𝐵𝑟𝑎𝑧𝑖𝑙𝑖𝑎𝑛 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =  21.735/6.904 =  2.200 
Similarly, South African samples 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =  30.70/60.42 =  0.5080 
 

• New coal composition for each sample using M-BR-HS-F and W-L-UF  
𝑀 − 𝐵𝑅 − 𝐻𝑆 − 𝐹, 𝑐𝑜𝑎𝑙 =  𝑜𝑙𝑑 𝑐𝑜𝑎𝑙 × 𝑐𝑓 = 27.735 (2.200) = 47.84 𝑤𝑡%  
𝑀 − 𝑊 − 𝐿 − 𝑈𝐹, 𝑐𝑜𝑎𝑙 =  𝑜𝑙𝑑 𝑐𝑜𝑎𝑙 × 𝑐𝑓 = 38.37 (0.5080) = 19.49 𝑤𝑡% 

 



 

 

• New mineral composition using sample M-BR-HS Clay : 

𝑁𝑒𝑤 𝑚𝑖𝑛𝑒𝑟𝑎𝑙 𝑤% =
𝑜𝑙𝑑 𝑚𝑖𝑛𝑒𝑟𝑎𝑙

100−𝑜𝑙𝑑 𝑐𝑜𝑎𝑙
× (100 − 𝑛𝑒𝑤 𝑐𝑜𝑎𝑙) =

9.917

100−21.74
× (100 − 47.84)                          

= 6.610 𝑤𝑡%   



 CHE4045Z   Project 9            2021 

 

 
Table 30: QEMSCAN mineralogy output material mass percentage composition 

Material M-BR-HS-F M-W-L-UF OR-BR-HS-F OR-W-L-UF SCT-BR-HS-F SC-W-L-UF T-BR-HS-F T-W-L-UF 

Coal 21,735 38,371 3,137 60,423 27,228 32,412 32,926 29,257 

Clays 9,917 43,52 6,675 28,611 13,391 50,189 8,585 54,306 

Quartz 5,315 7,881 3,97 4,707 4,666 9,23 6,707 9,589 

Other Silicates 0,014 0,013 0,09 0,016 0,017 0,016 0,005 0,02 

Pyrite 46,487 1,835 74,487 2,276 25,258 3,199 36,395 2,518 

Other Sulfides 0,099 0,366 0,107 0,51 0,097 0,199 0,446 0,083 

Iron oxides 0,295 0,114 0,454 0,082 0,677 0,532 1,487 0,197 

Rutile 0,135 3,935 0,079 0,504 0,186 0,961 0,116 1,132 

Dolomite 0,008 0,249 0,006 0,024 0,003 0,254 0,014 0,282 

Siderite 6,381 0,959 2,562 0,769 16,785 0,796 5,277 1,099 

Calcite 0,189 1,305 0,047 0,799 0,141 0,395 0,484 0,297 

Sulfates 8,803 0,926 7,946 0,7 10,735 1,075 6,525 0,768 

Carnuba wax 0,019 0,009 0 0,009 0,006 0,027 0,041 0,001 

Others 0,603 0,517 0,439 0,57 0,81 0,716 0,99 0,451 

 
Table 31: Adjusted coal and mineral mass percentage composition 

Material M-BR-HS-F M-W-L-UF OR-BR-HS-F OR-W-L-UF SCT-BR-HS-F SC-W-L-UF T-BR-HS-F T-W-L-UF 

Coal 47,83685 19,494 6,904265 30,69729 59,92647 16,46659 72,46727 14,86372 

Clays 6,609621 56,85021 6,415391 50,10031 7,374054 62,02963 3,523995 65,35503 

Quartz 3,542415 10,29496 3,815596 8,242359 2,569437 11,40755 2,753109 11,53997 

Other Silicates 0,009331 0,016982 0,0865 0,028017 0,009361 0,019775 0,002052 0,024069 

Pyrite 30,9833 2,397062 71,59 3,985471 13,90888 3,953711 14,93952 3,030309 

Other Sulfides 0,065983 0,478106 0,102838 0,893054 0,053415 0,245948 0,183075 0,099887 

Iron oxides 0,196616 0,148918 0,436343 0,143589 0,372805 0,65751 0,610388 0,237081 

Rutile 0,089977 5,140293 0,075927 0,882547 0,102425 1,18772 0,047616 1,362315 

Dolomite 0,005332 0,325269 0,005767 0,042026 0,001652 0,313924 0,005747 0,339375 

Siderite 4,252898 1,252742 2,462357 1,346585 9,243036 0,983793 2,166118 1,322601 

Calcite 0,125967 1,704722 0,045172 1,399117 0,077645 0,488189 0,198674 0,357427 

Sulfates 5,867146 1,209634 7,636958 1,22576 5,911468 1,328615 2,678401 0,924256 

Carnuba wax 0,012663 0,011757 0 0,01576 0,003304 0,03337 0,01683 0,001203 

Others 0,401896 0,675357 0,421926 0,998119 0,446045 0,884919 0,406378 0,54276 
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9.2.3.3 QEMSCAN Size Distribution ECD mean calculation 
 

Table 32: Coal dust QEMSCAN particle size class distribution 

    Combined -5+0 -10+5 -15+10 -20+15 -25+20 -30+25 -35+30 -40+35 <45 >45 

Brazilian Coal Sample Original 100 6,87 15,46 21,05 15,97 12,63 9,68 6,94 2,14 2,7 6,56 

 Middle Shelf 100 17,43 24,1 18,04 15,28 10,66 5,88 3,25 1,83 1,27 2,25 

 Top Shelf 100 30,06 27,99 18,12 10,53 6,53 3,87 1,34 0,88 0 0,67 

 

Settling 
Chamber 100 15,35 23,41 22,85 14,55 8,32 5,27 3,49 1,84 1,38 3,54 

South African Original 100 27,49 20,23 17,15 12,63 9,67 3,08 3,44 2,45 2,18 1,68 

 Middle Shelf 100 24,56 25,1 15,41 12,37 6,31 5,55 1,98 1,13 0,48 7,11 

 Top Shelf 100 23,42 25,56 15,94 11,21 7,62 6,09 2,3 2,97 1,44 3,46 

 

Settling 
Chamber 100 30,35 22,85 15,71 10,92 7,15 4,98 1,76 2,41 1,91 1,95 

The ECD calculation using highlighted row as sample:  
𝑀𝑒𝑎𝑛 𝐸𝐶𝐷 =  𝑠𝑢𝑚 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑/ 𝑡𝑜𝑡𝑎𝑙  

𝑀𝑒𝑎𝑛 𝐸𝐶𝐷 =  (2.5(17.43) + 7.5(24.1) + 12.5(18.04) + 17.5(15.28) + 22.5(10.66))/100 = 9.57 µ𝑚 
 

Table 33: Particle size mean ECD breakdown calculation outputs 

    Combined 2,5 7,5 12,5 17,5 22,5 Mean ECD 

Brazilian Coal Sample 

Original 100 17,175 115,95 263,125 279,475 284,175 9,599 

Middle Shelf 100 43,575 180,75 225,5 267,4 239,85 9,57075 

Top Shelf 100 75,15 209,925 226,5 184,275 146,925 8,42775 

Settling Chamber 100 38,375 175,575 285,625 254,625 187,2 9,414 

Pulverised 100 0 0 0 0 0 9,95 

South African 

Original 100 68,725 151,725 214,375 221,025 217,575 8,73425 

Middle Shelf 100 61,4 188,25 192,625 216,475 141,975 8,00725 

Top Shelf 100 58,55 191,7 199,25 196,175 171,45 8,17125 

Settling Chamber 100 75,875 171,375 196,375 191,1 160,875 7,956 

Pulverised             6,31 

 
Table 34: Pulverised sample calculated ECD data (Kamanzi C. Personal communication, 2021) 

Run Replicate SD SE Variance Mean 2SE 

 

Mean ECD all 
particles  

Mean ECD all 
particles      

BR-HS-F 10.65 BR-HS-F 9.25 0.9900 0.7001 0.9802 9.95 1.400174983 

ZA-W-L-UF 6.38 ZA-W-L-UF 6.23 0.1088 0.0769 0.0118 6.31 0.153888339 
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9.2.3.4 QEMSCAN mineral shape distribution 
 

Table 35: Shape distribution by mass (g) of mineral distribution 

Type Sample Round 
Equan
t 

Elongated
_ 
smooth 

Elongate
_ 
angular Angular Total  

Clay 

Brazilia
n  

Coal  
Sample 

Original 0,04 4,36 0,12 0,36 1,76 6,64 

Middle Shelf 0,11 6,11 0,5 0,66 2,55 9,93 

Top Shelf 0,13 4,84 1,08 0,52 1,99 8,56 

Settling 
Chamber 0,07 6,7 0,63 1,16 4,81 13,37 

Pulverised 0 2,9 0 0,18 1,02 4,1 

South  
African  

Coal  
Sample 

Original 0,42 14,45 3,4 2,99 7,36 28,62 

Middle Shelf 0,52 25,38 2,98 4,63 10,03 43,54 

Top Shelf 0,4 25,8 3,86 7,21 17,06 54,33 

Settling 
Chamber 0,56 25,85 4,59 5,51 13,72 50,23 

Pulverised 0,04 15 0,05 1,29 5,47 21,85 

Pyrite 

Brazilia
n Coal 

Sample 

Original 0,38 55,52 0,58 2,84 15,14 74,46 

Middle Shelf 0,17 28,77 0,77 2,3 14,49 46,5 

Top Shelf 0,32 23,59 1,52 2,79 8,18 36,4 

Settling 
Chamber 0,1 14,09 0,51 1,71 8,82 25,23 

Pulverised 0,19 30 0 1,36 7,71 39,26 

South 
African 

Coal 
Sample 

Original 0,03 1,11 0,17 0,13 0,77 2,21 

Middle Shelf 0,01 0,99 0,09 0,16 0,49 1,74 

Top Shelf 0,01 1,38 0,06 0,18 0,84 2,47 

Settling 
Chamber 0,02 2,51 0,1 0,12 0,44 3,19 

Pulverised 0 0,21 0 0 0,09 0,3 

Quartz 

Brazilia
n Coal 

Sample 

Original 0,01 2,86 0,07 0,19 0,84 3,97 

Middle Shelf 0,03 3,4 0,31 0,32 1,25 5,31 

Top Shelf 0,09 3,48 1 0,51 1,57 6,65 

Settling 
Chamber 0,04 2,4 0,32 0,39 1,47 4,62 
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Pulverised 0 3,86 0 0,16 1 5,02 

South 
African 

Coal 
Sample 

Original 0,09 2,69 0,39 0,42 1,14 4,73 

Middle Shelf 0,05 5,51 0,44 0,54 1,31 7,85 

Top Shelf 0,04 6,74 0,24 0,53 2,04 9,59 

Settling 
Chamber 0,07 6,51 0,48 0,33 1,84 9,23 

Pulverised 0,03 2,78 0,01 0,34 1,34 4,5 
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9.2.3.5 QEMSCAN Particle Size by Mineral 
 

  
Table 36: Mineral Size Class Distribution on a mass basis 

Sample type Id <5 <10 <15 <20 <25  <30 <35 <40 <45 >45  
Original sample-Brazilian sample Pyrite 5,02% 15,05% 21,83% 16,16% 14,04%  10,93% 7,24% 2,23% 2,75% 4,75% 100,00% 

Quartz 9,80% 17,34% 22,86% 22,36% 7,04%  8,54% 6,03% 1,26% 1,76% 3,02% 100,00% 

Clays 14,22% 19,16% 20,81% 16,32% 10,33%  7,04% 5,69% 1,65% 1,20% 3,59% 100,00% 

Original sample-South African sample Pyrite 32,30% 19,91% 14,16% 7,52% 16,81%  0,44% 1,77% 0,88% 0,88% 5,31% 100,00% 

Quartz 36,17% 18,51% 18,09% 9,15% 3,62%  4,89% 5,53% 0,85% 3,19% 0,00% 100,00% 

Clays 51,00% 25,59% 10,24% 5,07% 3,46%  1,12% 0,56% 0,42% 2,13% 0,42% 100,00% 

Middle shelf-Brazilian sample Pyrite 15,49% 26,66% 20,06% 15,21% 10,44%  5,27% 3,10% 1,48% 0,93% 1,36% 100,00% 

Quartz 29,89% 26,88% 12,41% 12,78% 9,59%  5,26% 1,13% 0,38% 0,56% 1,13% 100,00% 

Clays 26,71% 28,63% 15,52% 13,41% 8,06%  4,13% 1,31% 0,60% 0,30% 1,31% 100,00% 

Middle shelf- South African sample Pyrite 25,68% 31,15% 20,22% 11,48% 4,92%  1,64% 0,55% 0,55% 0,00% 3,83% 100,00% 

Quartz 23,32% 20,66% 10,90% 10,65% 7,60%  13,56% 2,92% 1,65% 0,00% 8,75% 100,00% 

Clays 35,75% 30,53% 14,62% 10,46% 4,28%  3,26% 0,48% 0,25% 0,02% 0,34% 100,00% 

Top shelf-Brazilian Pyrite 24,18% 31,35% 18,98% 11,68% 6,43%  6,07% 1,29% 0,03% 0,00% 0,00% 100,00% 

Quartz 53,27% 25,15% 9,67% 4,46% 5,36%  1,79% 0,15% 0,15% 0,00% 0,00% 100,00% 

Clays 47,61% 23,86% 16,07% 6,05% 3,96%  1,75% 0,47% 0,23% 0,00% 0,00% 100,00% 

Top shelf-South African sample Pyrite 11,90% 17,06% 16,67% 12,70% 7,14%  19,05% 0,79% 0,40% 0,00% 14,29% 100,00% 

Quartz 13,14% 16,27% 10,64% 12,41% 12,20%  15,02% 3,34% 9,28% 0,10% 7,61% 100,00% 

Clays 33,63% 29,06% 14,38% 9,13% 5,54%  3,50% 1,14% 0,88% 2,27% 0,46% 100,00% 

Settling chamber-Brazilian Pyrite 17,41% 27,74% 20,06% 12,03% 6,17%  3,96% 3,44% 1,35% 1,11% 6,73% 100,00% 

Quartz 36,91% 27,04% 17,17% 8,80% 4,08%  2,58% 1,72% 0,64% 0,64% 0,43% 100,00% 

Clays 28,38% 31,89% 20,16% 9,41% 4,41%  2,99% 1,42% 0,37% 0,67% 0,30% 100,00% 

Settling chamber-South African sample Pyrite 15,26% 20,25% 12,15% 19,94% 26,17%  1,87% 1,25% 0,93% 0,62% 1,56% 100,00% 

Quartz 21,69% 16,16% 14,43% 15,84% 14,97%  3,80% 0,22% 2,82% 3,80% 6,29% 100,00% 

Clays 40,31% 22,47% 13,39% 8,43% 3,11%  4,68% 1,57% 2,63% 1,12% 2,29% 100,00% 

Pulverised- South African sample Pyrite 5,85% 33,17% 30,00% 18,54% 12,20%  0,00% 0,00% 0,00% 0,00% 0,00% 99,76% 

  Quartz 2,39% 19,41% 30,22% 25,10% 22,88%  0,00% 0,00% 0,00% 0,00% 0,00% 100,00% 

  Clays 4,78% 24,70% 27,49% 25,90% 17,33%  0,00% 0,00% 0,00% 0,00% 0,00% 100,20% 

Pulverised- Brazilian sample Pyrite 14,08% 35,89% 26,57% 15,09% 8,41%  0,00% 0,00% 0,00% 0,00% 0,00% 100,05% 

  Quartz 8,82% 32,35% 35,29% 14,71% 8,82%  0,00% 0,00% 0,00% 0,00% 0,00% 100,00% 

  Clays 13,33% 32,67% 27,56% 13,33% 12,89%  0,00% 0,00% 0,00% 0,00% 0,00% 99,78% 
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9.3 Appendix C: Safety, Health, and Environment 
 
9.3.1 Safety Documents 
9.3.1.1 Anglo Risk Matrix 

  

Project 9  Work Area: NEB Lab 4.17  
Students: Naledi Lumbela and Nomsa Gamede    
Laboratory supervisor: Lorraine Nkemba    
Chief supervisor: Dr. Cledwyn Mangunda    

 
Table 37:Anglo risk matrix assessment of the experimental work undertaken during the research thesis  

No.  Sub-system  Hazard- ‘What if‘  Risk  Current controls  Loss Type  Risk Rating  

1  QEMSCAN mould blocks 
preparation: operating 
oven, impregnation 
vacuum unit, sample 
polisher, weighing 
balance  

  

• Water spillage to the laboratory desk and 
electrical appliance  
• Damage to suction pipes for vacuum 
impregnation unit may cause spillages and 
leakages  
• Spilling of contents during lab clean-up.  
• Slip and fall incident due to spillage  

  

• Injury to head, body and 
hands  
• Possible electrical shock if 
spillage occurs near electrical 
ports/naked or faulty wiring  
• Equipment damage   

  
  
  

  

• Water flow is only through properly 
fitted tubes  
• Immediate clean up of any spillages 
on the work desks and on the floor.  
• Equipment operated by or under 
the supervision of lab technicians with 
experience.  

S  L  

XRF sample preparation  • Fire from ignition of dust and other 
chemicals housed in lab  

  

• Laboratory may burn down.  
• Likely mild to severe burns of 
students.  
• Equipment damage leading to 
a delay in undertaking experiment.  

   

• Fire extinguishers, fire/smoke 
detectors, safety alarms and a water 
sprinkler fire suppression system fitted in 
the laboratory.  
• Lab safety induction offered to 
students before using the labs.   

S/H  18(H)  

• Electrical short circuit of equipment  
  

• Equipment damage and a 
delay to the experiment.  

  

• Laboratory users should always 
wear rubber soled safety shoes  
• Ensure that the 
equipment are properly earthed  
• After the use of each equipment, 
ensure that the cables have been removed 
from the equipment.   

  

S/MD  8(M)  

• Improper set-up of equipment which can 
result in leakages  

  

• Can result in the damage of 
laboratory equipment  
• Can derail the progress of the 
experiment  

• The correct equipment/pipe fitting 
are used in the lab  
•  Experienced competent lab 
technicians should assemble all the 
laboratory equipment and ensure that the 
equipment are ready for use  

S/MD  6(M)  

• Breaking of fragile glass components in 
lab  

• Injuries and cuts  
• Loss of equipment may derail 
experiment  

  

• The wearing of full PPE is 
encouraged (Safety goggles, lab coats, 
closed shoes, long pants and safety gloves)  

S/MD  5(L)  
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No.  Sub-system  Hazard- ‘What if‘  Risk  Current controls  Loss Type  Risk Rating  

• Skin contact with paraffin wax and coal  
• Inhalation of coal dust  
  

  

• Irritation of the eyes, 
respiratory tract, skin.   
• Prolonged exposure can 
result in acute pulmonary infection/ 
failure.  

• The wearing of full PPE is 
encouraged (Safety goggles, lab coats, 
closed shoes, long pants, respirator and 
safety gloves)  
• The installation of emergency 
showers to wash off chemical spills, eye 
wash/flush stations are available within the 
labs in case of a chemical spill on any part of 
the human body  
• Fume hood/vents working stations 
are available with the lab, to minimize the 
suspension of/high concentration of 
particulate matter in the laboratory work 
environment.   

S/H/MD  5(L)  

• Electrocution  
  

• Contact with electrical 
equipment can result in 
electrocution/electrical shock and 
damage to equipment.  

  

• Proper insulation of all electrical 
wiring in the laboratory.   
• Wiring lines are coordinated and 
set up such that they run along lines where 
human and possible water contact will be 
minimal.  
• Emergency shut-down of electrical 
system via for example main plug or 
distribution board  
•   

S/H/MD  7(M)  

Loss type key: S- safety, H- Health and MD- Material damage  
  

  
  
Interpretation of Risk Level  

Table 38:Identification key for the Anglo Risk Matrix 

Risk Rating  Risk Level  Guideline for Risk Matrix  

21 to 25  (Ex) - Extreme   Eliminate, avoid, implement specific action/ Procedures to manage  

13 to 20  (H) - High  Proactively manage  

6 to 12  (M) - Medium  Actively manage  

1 to 5  (L) - Low  Monitor and manage as appropriate  
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9.3.1.2 Occupational Risk and Exposure Profile 
Table 39: OREP assessment undertaken for thesis research and laboratory work  

HS10 – Occupational Risk & Exposure Profile (“OREP”) 

NAME: QEMSCAN Sample Preparation DATE: 27 October 2021 

Brief job description: Preparation of coal mounted in wax and polished on QEMSCAN blocks WASP: Y / N 

SECTION: QEMSCAN  Minerals to Metals  DEPARTMENT: Engineering                   DIVISION:  Chemical 

Rate all aspects on a scale of 1 to 4.  ( 0  = None;  1 = Low;  3 = Medium, 4 = High) 

INHERENT REQUIREMENTS: RISK-RATED HAZARD EXPOSURE: 

Requirement scores ð CAP Requirement scores ð CAP Hazardous CHEMICAL Substances:  (Powders, liquids, fumes, dusts, etc.) 

THE SENSES  COMPOSITE FUNCTIONS  
Groups: Xn(Harmful), Xi(Irritant), S (R42/43(Sensitising), O(Oxidising), R10(Flammable), F(highly flammable 
C(Corrosive), Car. (Carcinoge-Category), Muta. (Mutagen-Category), Repr. (Toxic for reproduction-Category), T(Toxic); 
E(Explosive); N( environmental harm) 

Hearing 4 Fine motor control 3 Chemical Name CONS PROB RISK GRP Target Organs SCHED 

Balance 4 Hand-eye co-ordination 4 Coal 3 3 3 
Xi, E, R10, 

T, N 
Skin, Eye, Respiratory tract (lungs)  

Vision:  Acuity - near 4 Hand-eye-foot co-ord 3 Paraffin (Carnauba) Wax 4 3 3 Xn,Xi,R10,T Skin, eye, respiratory tract (lungs),   

 Acuity - far 3 Use of both hands required 4 Epoxy resin 3 3 3 Xn, Xi Skin, eye  

 Vis fields 1 Use of both feet required 3        

 Depth 1 Strength (power) (kg) 1        

 Colour 4 Endurance (fitness) 1        

 Night vision 0          

Smell 3          

Touch 4          

GENERAL  SECONDARY TASKS P Please continue on extra sheet        

Clarity of speech 4 Company Driver (Code___) 0 BIOLOGICAL Agents: CONS PROB DUST: CONS PROB 

Company Driver (________) 0 Fork-lift operator 0    Asbestos 0 0 

Operator 4 Operate haz machinery 0    Silica / Quartz 3 1 

  Fire / Rescue Team 0    Grain / Wood / Chaff 0 0 

  Hazmat / Spill Team 0    Cotton / Flax 0 0 

  First Aid 0    Animal Protein 0 0 

PPE REQUIRED REQ ENVIRONMENT / TASKS CAP   Please continue on extra sheet   Other 0 0 

Hard Hat  Climbing ladders/stairs 0 PHYSICAL Agents: CONS PROB PHYSICAL Agents: CONS PROB 

Eye Protection P Work at Heights 0 Noise 1 3 Radiation (Ionizing) - xrays 0  

Face Shield  Confined spaces 1 Heat 1 1 – alpha / beta / gamma 0  

Mask P Near dangerous machinery  2 Cold 0 0 Radiation (N-Ion) - Laser 0  

Respirator  Prolonged sitting 1 Glare 0 0 – UV (sun, welding) 0  

Air hood/ Fume Hood/ Flow cabinet  Bending/squatting 1 Vibration (Segmental) 1 3 - Infra Red (sun,welding) 0  

Hearing Protection  Prolonged standing 3 Vibration  (Whole) 0 0 - Radio& micro 0  

Overalls/ lab coat P Uneven or slippery terrain 1 Electricity 3 3 - VLF, ELF, mag 0  

Fleece-lined jacket  Poor lighting 0    - EMF 0  

Safety Belt/Harness  Shift work 0 ERGONOMIC Hazards: CONS PROB Please continue on extra sheet   

Gloves P Other 0 Abnormal posture 1 1 ERGONOMIC Hazards: CONS PROB 

Safety Boots P   Trunkal twisting 1 1 Repetitive movements 3 4 

https://uctcloud.sharepoint.com/01414241/Desktop/Synergee/Synergee%20MIS-1/CHESS/OH%20Program/Health%20Risk%20Assessment/1-OREPs/Support/OREP%20Capability%20Standards.pdf
https://uctcloud.sharepoint.com/01414241/Desktop/Synergee/Synergee%20MIS-1/CHESS/OH%20Program/Health%20Risk%20Assessment/1-OREPs/Support/OREP%20Capability%20Standards.pdf
https://uctcloud.sharepoint.com/01414241/Desktop/Synergee/Synergee%20MIS-1/CHESS/OH%20Program/Health%20Risk%20Assessment/2-Toxicology/HCS%20Profile.xls
https://uctcloud.sharepoint.com/01414241/Desktop/Synergee/Synergee%20MIS-1/CHESS/OH%20Program/Health%20Risk%20Assessment/1-OREPs/Support/HCS%20toxicity.pdf
https://uctcloud.sharepoint.com/01414241/Desktop/Synergee/Synergee%20MIS-1/CHESS/OH%20Program/Health%20Risk%20Assessment/1-OREPs/Support/HBA%20score.pdf
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    Static loading 1 1 Forceful movements 0 0 

    Static loading   Tasks at extremes of reach 1 1 

NOTES 

The sample preparation will be conducted under supervision of Lorraine Nkemba.  

Approved by: Cledwyn Mangunda    Position: Chief Supervisor    Date: 29 October 2021  
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9.3.1.3 Standard Operating Procedures  
 
Required PPE:   

1. Lab coat  
2. Gloves  
3. Safety glass  
4. Safety shoes  

A. QEMSCAN Sample preparation  
  
Required:  
Sample splitter under fume hood  
About 0.2 g weighted dry sample  
Mold release agent to coat 25 ml mounting cups  
Warm 50/50 wax and paraffin in over for 30 mins at 30°C   
Mix warm and sample with mixing rod  
Set blocks to cure in oven   
Mix blocks with warmed epoxy resin in 20 ml mounting cups  
Polish the block with Struers Tegrapol-11  
Coat blocks with Al2O3 for final shine  
Cure the blocks in the oven overnight at 30°C  
Cleaning Procedure:  
Clean sample labels with ethanol  
Clean dusty after been used with air gun and dry wipe  
Clean molding cups and polished blocks with soap and water  
Use ultrasonic cleaner for final clean of blocks   
  

B. XRF Sample preparation  
Required:  
About 0.2 g of dry sample  
Polypropylene plastic film to cover sample  
Elastic band to secure the film over the sample holder  
Cleaning:   
Discard film and elastic band  
Clean sample holders with soap and water  
  

C. Malvern analysis  
Required:  
About 0.2 g of sample  
Water and agitator in Hydro 2000G unit to disperse sample   
Mastersizer 2000 for laser beam incidence  
Computer to analyze the scattering and report results  
Cleaning:  
Automatized cleaning mode using tap water  
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9.3.1.4 Project Safety Data Sheets 
 

TITLE  
  

Preparation of QEMSCAN blocks  
  

  

  
RESPONSIBLE PERSONS  

    

  NAME  PHONE (WORK)  PHONE    (HOME)   

STUDENT  Naledi Lumbela  -  078 613 9607   

  Nomsa Gamede  -  073 586 5929   

SUPERVISOR  Cledwyn Mangunda  X 1858  061 845 5178   

  

  
EMERGENCY PERSONNEL AND TELEPHONE NUMBERS  

        
Campus Protection Services  2222 / 2223  Head Of Department  073 617 2296  
Ambulance (ER24)  084 124  Building Manager  082 897 1691  
Ambulance (Netcare 911)  082 911  Department Safety Officer  082 4287 204  
Fire Control  535 1100  UCT Safety Manager  082 499 1022  
South African Police  10111  UCT Safety Officer  082 561 6516  
        

  

  
EMERGENCY SHUTDOWN PROCEDURE  

  
Make sure that all pumps and main switch are off and turn off water if in use.   
SDB-N4.5 P2/4=36 Struers Polishing machine  
SDB-N4.5 P4/1=51 Radio  
SDB-N4.5 P5/1=52 Microscope  
SDB-N4.5 P5/3=52 Micronizing Mill  
  
  
  
PRIMARY  DISTRIBUTION BOX NUMBER    
ELECTRICAL  LOCATION    
ISOLATION  SWITCH NUMBERS    
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SAFETY DECLARATION  
  

I/We The Undersigned Hereby Agree To Abide By All Safety And Housekeeping Regulations 
And To Ensure At All Times That All Work Carried Out In The Laboratory Is Done In A Safe 
Manner.  
  
  
STUDENT  STUDENT  
Signature:  NDL Signature: NQG 
Name: Naledi Lumbela  Name: Nomsa Gamede  
Date: 29 October 2021  Date: 29 October 2021  

    
SUPERVISOR  SAFETY OFFICER  
Signature CM Signature SG 
Name: Cledwyn Mangunda  Name: Shireen Govender  
Date:  29 October 2021 Date: 29 October 2021 
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9.3.2 Coal Dust MSDS 

 
Figure 46: MSDS for coal part 1 (ArcelorMittal, 2019) 
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Figure 47: MSDS coal dust-part 2 (ArcelorMittal, 2019) 
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Figure 48: MSDS for coal dust-part 3 (ArcelorMittal, 2019) 
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9.3.3 Paraffin Wax MSDS 

 
Figure 49: Paraffin Wax MSDS- part 1 (SASOL, 2016) 
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Figure 50: Paraffin Wax MSDS-part 2 (SASOL, 2016) 
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Figure 51: MSDS for aluminium oxide-part 1 
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Figure 52: MSDS for aluminium oxide-part 2 
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Figure 53: MSDS for aluminium oxide-part 3 (SASOL, n.d.) 
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 Figure 54: Ethanol MSDS part 1 (Roth, 2012) 
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Figure 55: Ethanol MSDS part 2 (Roth, 2012) 
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Figure 56: Epoxy resin MSDS (Flowcrete, n.d.) 
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Figure 57: Epoxy-Cure MSDS (Permatex, 2019) 
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Figure 58: Epoxy hardener MSDS (Keystone Industries, 2002) 
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9.4 Appendix B: Ethical Clearance Application Form 
 

APPLICATION FORM 
Please Note: 
Any person planning to undertake research in the Faculty of Engineering and the Built Environment 
(EBE) at the University of Cape Town is required to complete this form before collecting or analysing 
data. The objective of submitting this application prior to embarking on research is to ensure that the 
highest ethical standards in research, conducted under the auspices of the EBE Faculty, are met. Please 
ensure that you have read, and understood the EBE Ethics in Research Handbook (available from the 
UCT EBE, Research Ethics website) prior to completing this application form: 
http://www.ebe.uct.ac.za/ebe/research/ethics1  
 

APPLICANT’S DETAILS 

Name of principal researcher, 
student or external applicant   

Naledi Lumbela and Nomsa Gamede 

Department Department of Chemical Engineering 

Preferred email address of 
applicant:  

Lmbnal001@myuct.ac.za and hdbnom005@myuct.ac.za  
 

If Student 

Your Degree: 
e.g., MSc, PhD, etc. 

BSc in Chemical Engineering  
 

Credit Value of 
Research: e.g., 
60/120/180/360 
etc. 

36 

Name of 
Supervisor (if 
supervised): 

Dr. Cledwyn Mangunda 

If this is a researchcontract, 
indicate the source of 
funding/sponsorship 

N/A 

Project Title 
A Comparative Investigation into the Characteristics of 
Different Coal Dusts Generated via Pulverization and a 
Laboratory-scale Wind Tunnel 

I hereby undertake to carry out my research in such a way that: 

• there is no apparent legal objection to the nature or the method of research; and 

• the research will not compromise staff or students or the other responsibilities of the 
University; 

• the stated objective will be achieved, and the findings will have a high degree of validity; 

• limitations and alternative interpretations will be considered; 

• the findings could be subject to peer review and publicly available; and 

• I will comply with the conventions of copyright and avoid any practice that would 
constitute plagiarism. 

 

http://www.ebe.uct.ac.za/ebe/research/ethics1
mailto:Lmbnal001@myuct.ac.za
mailto:hdbnom005@myuct.ac.za
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APPLICATION BY Full name Signature Date 

Principal Researcher/ 
Student/External applicant   
 

Naledi Lumbela 
Nomsa Gamede 

                           
 

 

11 Oct 
2021 

SUPPORTED BY Full name Signature Date 

Supervisor (where applicable) 
 
 

Cledwyn Mangunda 
 

12 Oct 
2021 

APPROVED BY Full name Signature Date 

HOD (or delegated nominee) 
Final authority for all applicants 
who have answered NO to all 
questions in Section 1; and for 
all Undergraduate research 
(Including Honours). 

Click here to enter text. 

 

Click here 
to enter a 
date. 

Chair: Faculty EIR Committee 
For applicants other than 
undergraduate students who 
have answered YES to any of 
the questions in Section 1. 

Click here to enter text. 

 
Click here 
to enter a 
date. 
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9.5 Appendix D: Thesis Research Timeline 
Team members: Naledi Lumbela (NL) and Nomsa Gamede (NG) 

Colour Key 

 Pair work 

 Milestone 

 
Table 37: Gantt Chart for project thesis time management 

Task 
ID Task Description 

Task 
Duration 

Start 
date 

End 
date 
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2
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2
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-2
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2
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2
4
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1 

2
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2
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2
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-S
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2
8
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2
9
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ep

-2
1 

3
0

-S
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-2
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1 
Project selection and 
selection 7 3-Sep 10-Sep x x x x x x x x                                         

1.1 Partner selection 2 3-Sep 5-Sep x x x                                                   

1.2 Review Catalogue 4 6-Sep 9-Sep       x x x x                                           

1.3 Submit selected projects 1 10-Sep 10-Sep                                                         

2 
Critical Reading of 
Literature 16 13-Sep 29-Sep                     x x x x x x x x x x x x x x x x x   

2.1 Meet with Supervisors 1 13-Sep 14-Sep                     x x                                 

2.2 Cover lectures 2 15-Sep 17-Sep                         x x x                           

2.3 Review provided literature 10 18-Sep 28-Sep                               x x x x x x x x x x x     

2.4 
Submit individual literature 
review report 1 29-Sep 29-Sep                                                         

3 
Preparing a Research 
Proposal 3 30-Sep 8-Oct                                                       x 

3.1 Review lectures 1 30-Sep 30-Sep                                                       x 

3.2 Meeting with Supervisors 0 1-Oct 1-Oct                                                         

3.3 
Final review of extra 
literature 1 2-Oct 7-Oct                                                         

3.4 Prepare research proposal 4 3-Oct 11-Oct                                                         

3.5 Lab induction 0 4-Oct 4-Oct                                                         

3.6 
Discuss feedback from 
individual GA9 submission 0 5-Oct 5-Oct                                                         

3.7 
Prepare draft proposal 
presentations 2 6-Oct 7-Oct                                                         

3.8 present draft proposal  0 8-Oct 8-Oct                                                         

3.9 

Incorporate feedback from 
presentation into proposal 
report 1 8-Oct 9-Oct                                                         

3.10 Polish up final proposal 1 10-Oct 11-Oct                                                         

3.11 Submit research proposal 0 11-Oct 11-Oct                                                         

Figure 59: Gantt Chart for September 
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Task 
ID Task Description 

Task 
Duration 

Start 
date 

End 
date 
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3 Preparing a Research Proposal 3 30-Sep 8-Oct x x x x x x x x                                       

3.1 Review lectures 1 30-Sep 30-Sep                                                       

3.2 Meeting with Supervisors 0 1-Oct 1-Oct                                                       

3.3 Final review of extra literature 1 2-Oct 7-Oct     x x x x x                                         

3.4 Prepare research proposal 4 3-Oct 11-Oct     x x x x x x x x x                                 

3.5 Lab induction 0 4-Oct 4-Oct       x                                               

3.6 
Discuss feedback from individual GA9 
submission 0 5-Oct 5-Oct                                                       

3.7 Prepare draft proposal presentations 2 6-Oct 7-Oct             x                                         

3.8 present draft proposal  0 8-Oct 8-Oct                                                       

3.9 
Incorporate feedback from presentation into 
proposal report 1 8-Oct 9-Oct                 x                                     

3.10 Polish up final proposal 1 10-Oct 11-Oct                     x                                 

3.11 Submit research proposal 0 11-Oct 11-Oct                                                       

4 Final Project Report 3 11-Oct 
22-
Nov                       x x x x x x x x x x x x x x x x 

4.1 Assess feedback from proposal 2 11-Oct 13-Oct                       x x                             

4.2 Submit signed ethics application 0 13-Oct 14-Oct                           x                           

4.3 Obtain lab results 3 15-Oct 18-Oct                             x x x x                   

4.4 Breakdown and delegate tasks 0 14-Oct 14-Oct                           x                           

4.5 Set up report & start write-up 36 15-Oct 
20-
Nov                               x x x x x x x x x x x x 

4.6 Lab results analysis 3 18-Oct 21-Oct                                   x x x x             

4.7 Meet with Supervisors 0 15-Oct 15-Oct                             x                         

4.8 Report write-up check in 0 16-Oct 16-Oct                                                       

4.9 Meet with Supervisors 0 22-Oct 22-Oct                                           x           

Figure 60:Gantt Chart for October 
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ID Task Description 
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Duration 
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date 
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4 Final Project Report 3 11-Oct 22-Nov x x x x x x x x x x x x x x x x x x x x x x x x x x   

4.1 
Assess feedback from 
proposal 2 11-Oct 13-Oct                                                       

4.2 
Submit signed ethics 
application 0 13-Oct 14-Oct                                                       

4.3 Obtain lab results 3 15-Oct 18-Oct                                                       

4.4 
Breakdown and delegate 
tasks 0 14-Oct 14-Oct                                                       

4.5 Set up report & start write-up 36 15-Oct 20-Nov x x x x x x x x x x x x x x x x x x x x x x x x       

4.6 Lab results analysis 3 18-Oct 21-Oct                                                       

4.7 Meet with Supervisors 0 15-Oct 15-Oct                                                       

4.8 Report write-up check in 0 16-Oct 16-Oct                                                       

4.9 Meet with Supervisors 0 22-Oct 22-Oct                                                       

4.10 Meet with Supervisors 0 29-Oct 29-Oct   x                                                   

4.11 Review initial draft 1 5-Nov 5-Nov                 x                                     

4.12 Meet with Supervisors 0 12-Nov 12-Nov                               x                       

4.13 Submit final report 0 22-Nov 22-Nov                                                       

5 Final Poster 12 11-Nov 23-Nov                             x x x x x x x x x x x x x 

5.1 prepare and compile poster  3 11-Nov 14-Nov                             x x x x                   

5.2 Submit final poster 0 15-Nov 15-Nov                                                       

5.3 Review of posters 0 18-Nov 18-Nov                                           x           

5.4 Final oral and poster session 1 23-Nov 23-Nov                                                       

6 Final Exam preparation 7 15-Nov 22-Nov                                     x x x x x x x x   

6.1 ChE 4045 work revision 6 15-Nov 21-Nov                                     x x x x x x x     

6.2 Write final exam 0 22-Nov 22-Nov                                                       

Figure 61: Gantt Chart for November
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9.6 Appendix H: Project Data Management 

Table 40: Location of study data 

Folder name Location 

Literatures sources 1. Project 9-2021 MS Teams 
Available: 
https://teams.microsoft.com/_#/school/conversations/General?th
readId=19:zr9WDphhHTfyEBbsi_6KwJILu44NWyUDXLBIrv20krU1@
thread.tacv2&ctx=channel 
 

2. Vula Tab: NN Thesis 
Available: https://vula.uct.ac.za/portal/site/6aca830c-fade-489b-
bd84-0d76fb5db453 
  

ChE-4045Z 
submissions 

Experimental data 
results 

 
 
 


