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1. Introduction 

1.1. Background 

Currently, physical float sink tests are performed on exploration drill core samples to evaluate 

what will happen during processing.  A float sink test is a destructive test, so usually only one 

test is performed per sample.  In this process, the single float sink test per sample act as a 

deterministic evaluation of the washability characteristics.  A single float sink test gives an 

incomplete understanding of the washability of the coal as it is not sufficient to describe how 

washability changes with changes in the PSD, or how different washabilities are possible for 

the same PSD.  Therefore, the optimum value of a resource cannot be known from a single 

washability test per sample. However, washability simulation, a method by which 

washabilities can be simulated for many PSD’s and evaluated in a statistical fashion using 

images also exist.  This method gives a more complete understanding about the value of a 

resource at different PSDs.  It has been shown experimentally that there is a consistency to 

the PSD that forms during the crushing of different materials at specified maximum particle 

sizes.  This PSD is the average PSD that should minimise prediction error for breakage and 

the related washabilities.  This average PSD may be used in simulation to predict the most 

likely washability that will form at a certain crush size.  It is proposed that both methods are 

used simultaneously during an exploration program to predict what will happen during mining 

and processing.  The prediction error from the two methods may then be compared to evaluate 

which method is more accurate.  
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1.2. Aims and Objective 
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2. Approach followed (methodology) 

The approach is summarized in Figure 1. Samples were obtained from two South African 

Coalfields (Witbank and Limpopo) and one Mozambican Coalfield (Moatize). No sample is 

considered representative of the respective coalfield, and were used in this project to 

demonstrate the concepts discussed on different coal qualities.  

A drill core from the Witbank Coalfield was used for float-sink tests. The twin core was used 

for imaging using a digital camera and petrographic microscope. 5 x 5 cm samples were cut 

from the core, every 15 cm. For the pit samples obtained from the other coalfields, blocks of 

5 x 5 cm were cut from coal lumps (Figure 2).  

Lithotypes were identified in hand specimen and confirmed using coal petrography. A Canon 

handheld digital camera was used to photograph the samples and blocks. A Zeiss AxioImager 

Reflected light microscope with oil immersion lens (total magnification of x500) was used. 

The Hilgers Diskus Fossil software enables digital imaging to create large mosaic images of 

the coal blocks.  

X-ray tomography, housed at NECSA, was used to validate lithotype observations in 3D. The 

technique can assist with determination of maceral groups and structures within the coal based 

on their density differences, up to a micron level, without being invasive or destructive 

(Hoffman and De Beer, 2012). 

Image classifier software Virtual Geomet, developed at NWU in collaboration with UJ, was 

used to map out and to classify the individual components of the Lithotypes from the 

photographs, based on coal and texture.  

Washability simulations were performed using the second part of the Virtual Geomet 

software. Certain assumptions regarding the ash content and sample densities were made 

based on the different coal lithotypes identified in the image. The software automatically 

calculates and plots the ash and yield curves for a wide array of virtual particle size 

distributions (PSD’s); hence the software is able to produce many simulated washability 

curves in a few minutes.  
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The laboratory based float-sink data, based on a PSD 0.5 – 22mm, was compared to the 

simulated data.  

 

Figure 1: Flowchart summarizing project methodology 

 

Figure 2: Example of a sectioned lump from Moatize, and the polished 5 x 5 cm block used 

for petrographic imaging and lithotype assessment 
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3. Results and Discussion 

3.1. Lithotype Identification 

 

Figures 3, 4, 5 and 6 indicate the petrographic composition of selected samples from the three 

coalfields.  

3.2. Petrographic assessment 

 

 

 



 

12 
© Copyright COALTECH 

This document is for the use of COALTECH only, and may not be transmitted to any other 

party, in whole or in part, in any form without the written permission of COALTECH. 

 

Moatize Coalfield 

 

 

Figure 3: Pie diagram indicating the petrographic composition of a sample from the Moatize 

Coalfield 
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Limpopo Coalfield 

 

 

Figure 4: Pie diagram indicating the petrographic composition of a sample from the Limpopo 

Coalfield. 
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No 4 Seam, Witbank Coalfield 

 

 

No 2 Seam, Witbank Coalfield 
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Figure 5: Pie diagram indicating the petrographic composition of a sample from the No 2 

Seam, Witbank Coalfield.  

 

Figure 6: Pie diagram indicating the petrographic composition of a sample from the No 4 

Seam, Witbank Coalfield.  
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3.3. Image Analysis 

In general, the classifier classified the different coal lithotypes relatively well; an example is 

provided in Figure 7. Some degree of misclassification occurred, possibly linked to image 

quality. The Witbank samples were more difficult to classify due to the nature of the coal – 

many different lithotypes occurring across small distances.  

 

Figure 7: Handheld digital camera images (a,c,e) from polished block, and classified images 

(b,d,f). a – d No 4 Seam sample, e – f No 2 Seam sample, Witbank Coalfield.  
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3.4. X-Ray Tomography image classification 

Coal lithotypes were distinguished based on density differences; high-density components 

such as pyrite are represented by the brightest shades, and macerals, being low density, by 

dull shades (Figure 8).  

 

Figure 8: XCT slices taken of a Moatize sample (a-c). Classified images (d-f). 

3.5. Accuracy validation of the image classifier software 

The digital and tomography images were compared, and it was concluded that the image 

quality and resultant classified image was more accurate for the XCT images. Suggestions 

were made with regards to further improving the image quality so that the classified image 

can improve further in accuracy (Figure 9). The camera images were 15% less accurate than 

the classified XCT images. 
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Figure 9: Validation of accuracy of classified image. A grid with 100 blocks was compared 

between the image and classified image.  

3.6. Washability simulations 

The classified data was used as input data into the washability simulation software. A density 

and ash value was assigned to each mapped lithotypes, and washability was simulated for 

different PSD’s. The simulation results were compared to traditional laboratory float-sink 

results. The latter produces a snapshot of behaviour for one particle size range; the simulation 

virtually crushes the coal to many different particle sizes (Dorland et al., 2015; 2017).  

Examples of the results generated are provided in Figures 10 and 11, for different particle 

sizes. The results indicate that the actual and predicted ash and yield values are more accurate 

for the larger particle sizes. As the PSD decreases, there is more variability in the comparative 

curves.  

In Figure 12, it is clear that the improved image quality from the XCT image has an impact 

on the simulation results. The XCT data shows greater yields due to a more accurate lithotypes 

assessment.  
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Figure 10: An example of simulated washability curves compared to the laboratory float-sink 

test (4 mm particles).  

 

Figure 11: An example of simulated washability curves compared to the laboratory float-sink 

test (15 mm particles).  
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Figure 12: Comparison of simulated washability curves generated for the Moatize sample 

using the digital image and the XCT image.  

3.7. Practical issues experienced 

Some of the practical difficulties experienced during the study were the following: 

1. Difficulty in obtaining images that are of sufficient quality from a surface cut by 

diamond saw.  For coal, the surface needs to be polished to obtain images of sufficient quality 

to enable simulation.   

2. In photos taken by camera, reflection and shade, out of focus areas and not enough 

detail influences the automatic classification process negatively.  These problems can be 

overcome by scanning the surfaces on an office scanner to obtain images.  Smoothly 

illuminated, in focus images with sufficient detail are obtained using a scanner. 

3. The simulated breakage patterns are not realistic.  Selective breakage on certain 

boundaries, and certain components breaking into smaller sizes cannot be simulated.  These 
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problems can be overcome by using Voronoi tessellation.  Components that break smaller can 

be seeded denser by random seeding points from which the tessellation cells grow.  The cells 

can also be programmed to stop growing when they encounter boundaries of cells such as 

known fractures, or boundaries between components where the coal is known to break.      

4. Conclusions  

 

 

Understanding washability in a conditional probabilistic fashion will enable geologists, 

mining engineers and metallurgists to evaluate and understand the possibilities of a coal 

deposit more completely and realistically than is currently possible.  By minimising prediction 

error and optimising economic benefit, companies and shareholders will have more certainty 

about what will happen during mining and processing.  One exercise that could be performed 
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is to evaluate over what volumes the coal remains similar to that of the drill core in the middle 

of the volume of coal in terms of size and distribution of maceral and mineral components 

and simulated washability.  This would indicate to what extent it is possible to process coal 

from different mine blocks (that have the same washability characteristics) together, the 

optimum size for mine blocks, or if this is a practical impossibility. 

A number of recommendations as to required improvements are documented in the 

dissertation.  

5. Contribution to Science 
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