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1. Introduction 
 

When coal is prepared for use in power generation where a relatively high ash product is 
required, it is often advantageous to remove the finer coal from the main feed stream by dry-
screening. The fine coal reporting as the screen undersize remains dry and therefore retain its 
heat value.  The coarser coal (screen oversize) is processed to remove contaminants (stone, 
shale and pyrite) and the product is added to the raw fine coal to constitute a final product. 

The main problem experienced with dry screening is that the coal received from the mining 
operation is rarely completely dry. Raw coal received from the mining operation can contain 
varying amounts of moisture and this complicates the screening operation significantly. The 
main concern when screening damp coal is blinding of the screen apertures by a gradual build-
up of coal on the screening wires. Eventually, screening becomes completely ineffective. 

Screen manufacturers have developed special screens using flexible screen mats operating at 
high g-forces to overcome the problem of screen blinding caused by fine, damp coal. Screens 
such as the Bivitec, Derrick and Flip-Flow serve as good examples. 

Whilst it is possible to install a screen that will not suffer from blinding of the screening surface, 
the screening of damp coal nonetheless remains problematic and low screening efficiencies can 
result when the surface moisture content of the coal is even moderately high. The problem is 
caused by fine coal agglomerating or adhering to larger coal particles and being carried over to 
the screen oversize product as a result. This occurs despite the particles being subjected to 
violent shaking action by the screening machine.  

The fine coal reporting to the oversize product causes the screening partition curve to develop a 
‘tail’ at the smaller screen aperture sizes, as illustrated in the graph1 below. 
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Figure 1: Deformation of partition curve seen in damp coal screening. 

The phenomenon was reported in 1954 by K. Thein2 and also by researchers at the Fuel 
Research Institute of South Africa (FRI) when testing the performance of the Liwell Flip-Flow 
screen during the early 1980’s. The partition curves are shown in Figures 2 and 3 respectively. 



 

Figure 2: Partition curves for damp coal screening (after Thein2) 
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Figure 3: Partition curves for Flip-Flow screen (after Müller3-6) 

More recently, the same type of partition curves were observed during the testing of the Bivitec 
screens at Leeuwpan and New Clydesdale Colliery (NCC). The partition curve obtained from 
the Bivitec screen at NCC for a feed coal with 5.6% surface moisture is shown in Figure 4. 

 

 



Partition Curve - Bivitec NCC (20 Dec 2007)   
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Figure 4: Partition curve for Bivitec screen 

 

2. Laboratory screen tests 
 

In order to obtain more information on the trends exhibited when screening coal with varying 
moisture levels on screens of differing aperture sizes, a set of laboratory screening tests were 
conducted. It is possible to more precisely control the moisture content of the feed samples in a 
laboratory environment and also the number and aperture sizes of the screens employed. 

A sample of plant feed, crushed to a top-size of 65 mm, was obtained from Leeuwpan and after 
air-drying at Witlab, divided into 6 sub-samples, each weighing approximately 20 kilograms. 
Each sub-sample was placed in a plastic bucket and a measured amount of water added to 
increase the moisture level to a specific target value. The samples were then sealed and left to 
condition overnight. The target moisture levels and the resulting actual values are listed in Table 
1. 

Table 1: Surface moisture levels  

Sample  # 
Target surface moisture 
content 

Actual surface moisture 
content 

1 0 2.5 
2 2 3.9 
3 4 4.2 
4 6 6.3 
5 8 8.3 
6 10 10.2 

 



A ‘stack’ of screens was used to manually screen each sample at aperture sizes of 50 mm, 25 
mm, 12 mm, 6 mm and 3 mm. The screens were arranged in sequence with the largest aperture 
screen (50 mm) at the top and the smallest aperture (3 mm) at the bottom. The type of screens 
used is shown in Figure 5. 

 

Figure 5: Laboratory screens 

Each sample in turn was placed on the stack of screens and manually screened until the 
screening process for the topmost screen (50 mm aperture) appeared complete. This screen 
was then removed from the stack, the material retained on the screen removed, weighed and 
placed into a plastic bag. Screening was hereafter continued until screening on the second 
largest screen (25 mm aperture) appeared complete. This was repeated for the 12 mm, 6 mm 
and 3 mm screens. Following screening, all the minus 3 mm material passing through the 
bottom screen was also collected, weighed and placed into a plastic bag. 

The six size fractions obtained for each sample was air-dried and re-screened at a range of 
screen sizes. The data obtained for the 2.5% moisture sample is shown in Table 2. The full set 
of results is shown in Appendix A. 

Table 2: Screen analysis results for 2.5% moisture sample 

2.5% Moisture 
Plus 50 

mm 
Plus 25 

mm 
Plus 12 

mm 
Plus 6 
mm 

Plus 3 
mm 

Minus 3 
mm 

    Size  (mm)  Fractional Fractional Fractional Fractional Fractional Fractional 
- 65.0  + 50.0  59.37           
- 50.0  + 25.0  40.02 96.80         
- 25.0  + 12.5  0.00 2.30 95.62       
- 12.5  + 6.3  0.05 0.08 3.09 93.81     
- 6.3  + 3.0  0.05 0.04 0.17 4.08 94.12   
- 3.0  + 2.0  0.05 0.03 0.08 0.09 3.42 27.69 
- 2.0  + 1.0  0.10 0.05 0.06 0.14 0.18 26.15 
- 1.0  + 0.5  0.05 0.09 0.11 0.14 0.18 15.83 
- 0.5  + 0.0  0.31 0.61 0.87 1.74 2.11 30.32 



From the screening results obtained, it was possible to reconstitute an oversize and undersize 
as well as a feed sample for any specific screen size. This allowed a partition curve to be plotted 
for the screening separation obtained for any of the moisture levels tested at each of the screen 
apertures tested. The efficiency of screening, defined as the effectiveness of undersize removal 
at the particular screen aperture employed, was also determined for each case. The calculation 
used to derive the screening efficiency is shown below. 

                                                         100 x (a – b) 

Efficiency of screening at φ mm =    -----------------                                                      ……….. (1) 

                                                          a x (100 – b) 

where a = % - φ mm in feed 

           b = % - φ mm in screen oversize 

           φ = screen aperture employed 

 

The surface moisture content of each sub-sample was determined and these values are shown 
in Table 3 below. 

Table 3: Moisture content of samples and sub-samples 

    
Feed sample % surface moisture 

    Size (mm) 2.49 3.85 4.17 6.29 8.32 10.21 
        Fractional sub-sample moistures (%) 
- 65.0  + 50.0  2.20 2.43 3.45 3.89 3.33 4.34 
- 50.0  + 25.0  1.68 3.08 1.39 3.47 3.71 3.95 
- 25.0  + 12.5  3.08 3.79 5.19 5.77 8.43 7.26 
- 12.5  + 6.3  3.48 5.31 9.93 9.94 11.39 10.65 
- 6.3  + 3.0  3.63 6.28 11.91 12.68 20.96 22.92 
- 3.0  + 0.0  3.01 6.65 12.80 15.09 39.80 43.00 

 

The data shown in Table 3 is also shown in graphical format in Figure 6.  



 

Figure 6: Moisture content of sub-samples 

It can be seen from Table 3 and Figure 6 that the moisture content of the finer fractions is high 
and increases rapidly as the overall sample moisture increases. The minus 3 mm material, 
derived from the two high-moisture feed samples, reported as slurry. 

 

3. Results obtained 
 

The screening efficiency results obtained from the tests are summarized in Table 4. 

Table 4: Screening efficiency results 

 
Screen aperture 

% Feed moisture 50 mm 25 mm 12 mm 6 mm 3 mm 
2.49 99.7 98.6 97.0 94.0 91.3 
3.85 99.4 98.4 96.7 91.5 89.2 
4.17 99.2 91.0 86.3 69.8 30.2 
6.29 99.7 96.0 83.5 54.6 24.2 
8.32 98.7 92.9 88.6 67.4 40.8 
10.21 98.8 93.5 90.2 74.5 41.3 

 

It can be observed from Table 4 that screening at 50 mm is almost completely un-affected by 
the moisture content of the feed coal. On the other hand, screening at 3 mm is severely 



influenced by relatively small changes in the overall feed moisture. Screening at 3 mm is 
effective when the surface moisture content of the feed coal is below 3.8% but the efficiency 
drops to 24.2% when the moisture is increased to 6.3%. At higher moistures, the efficiency 
improves resulting from the fact that there is enough water present to ‘wash’ coal through the 
screen apertures.  

Figure 7 shows the results of Table 4 graphically. It can be seen from Figure 7 that screening at 
screen aperture sizes of 12 mm and larger is relatively easy but gets to be very difficult below 
this if the surface moisture content of the feed coal increases over about 4%. 

 

 

Figure 7: Screening efficiency versus screen size and moisture 

The partition curves obtained for screening at 50 mm at differing moisture levels are shown in 
Figure 8. It can be observed that the curves are not materially affected by the level of moisture 
in the feed coal although there is evidence of some fine coal ‘sticking’ to the screen oversize at 
high moisture levels. 

 

 

 



 

Figure 8: Partition curves for screening at 50 mm 

Figure 9 shows the set of partition curves for screening at 25 mm. 

 

Figure 9: Partition curves for screening at 25 mm 

At 25 mm screening is still not much affected by the moisture of the feed but it is evident that 
there is more fine coal reporting to the oversize. 



At 12 mm, shown in Figure 10, the amount of misplaced fine coal becomes more significant. 

 

Figure 10: Partition curves for screening at 12 mm 

Screening becomes problematic at 6 mm as shown by Figure 11 below. 

 

Figure 11: Partition curves for screening at 6 mm 



It can be seen from Figure 11 that a large proportion of fine coal reports to the oversize, 
especially at moisture levels between 4 and 6%. This situation becomes even worse when 
screening at an aperture size of 3 mm.  

 

Figure 12: Partition curves for screening at 3 mm 

At feed moisture contents of 4.2 and 6.3%, some 95% of the minus 0.5mm coal in the feed 
reports to the oversize when screening at 3 mm. It is interesting to note that in most cases the 
partition curves reach a minimum value at approximately half the screen aperture size. 

 

4. Comparison to industrial screens 
 

One would expect that somewhat better results should be obtained when screening is 
conducted on high-g force screening machines in practice. Figure 13 below compares the 
results obtained during this laboratory investigation with the results obtained with a Bivitec 
screen as well as with the Flip-Flow screen – all screening at about 6 mm aperture size. 

 

 



 

Figure 13: Laboratory screen results compared with Bivitec and Flip-Flow screens 

Figure 14 compares the separation obtained at a 3 mm screen aperture with that obtained from 
the Bivitec screen.  

 

Figure 14: Laboratory screen results compared with Bivitec screens 



As can be seen from Figures 13 and 14, the results obtained in the laboratory compare 
reasonable well with that obtained in practice on full-scale screens.  

 

5. Discussion 
 

The poor screening efficiency obtained with damp coal at small screen aperture sizes is largely 
caused by the agglomeration of fine coal and/or the adhesion of fine particles to larger particles. 
The physical forces binding the particles together are most probably capillary and surface 
tension forces. The same mechanism facilitates the agglomeration of fine coal in pelletizing. 
During pelletizing, nuclei of fine coal form as a result of moisture-bonding of the particles. 
Mechanical tumbling of the nuclei promotes ‘snowballing’ to occur, resulting in larger pellets. 
Pelletizing of coal fines only occurs within a fairly narrow range of moisture content values. Coal 
fines that are either too dry or too wet will not agglomerate properly. The typical range of 
moisture contents allowing agglomeration is between about 18% and 25%7. One can see from 
Table 3 that the moisture content of the minus-3 mm coal approaches these values when the 
total feed sample surface moisture is about 6%. It is probable that the minus 0.5 mm size 
fraction could reach moisture levels where agglomeration occurs spontaneously. 

When the coal fed to a screen is dry, screening will be effective but dust will be liberated by the 
screening operation which could necessitate dust extraction and -suppression systems. 
Moisture is effectively used to control dust, in underground operations as well as on surface 
stockpiles. A minimum moisture level has to be maintained in order to suppress the liberation of 
dust by coal. This moisture level is termed the Dust Extinction Moisture (DEM) and the 
procedure for determination of the DEM is described in ISO 20905 (Coal Preparation – 
Determination of dust/moisture relationship for coal). The procedure involves the preparation of 
about 8 samples of minus 6 mm coal, each sample weighing approximately 1 kg, and either 
drying or adding water to the samples so as to have a set of samples with moisture content 
spanning a suitable range of moistures. Each sample is then tumbled in an air-swept drum 
(Figure 15) for 10 minutes whilst the dust (minus 150 micron material) is collected in a paper 
filter bag. From the mass of dust collected for each sample, the DEM value can be derived. 

 

Figure 15: Dust/moisture relationship determination equipment 



As far as can be established, no DEM data exists for South African coals but Table 5 shows 
some DEM values9 for a range of Australian coals. 

Table 5: Dust Extinction Moisture (DEM) levels for some Australian coals 

Coal type DEM (% Total moisture in sample) 
A1 18.0 
B1 7.8 
C1 9.4 
D1 7.1 
E1 6.9 
F1 7.1 
G1 6.0 
H1 7.4 
I1 6.7 
J1 6.7 
K1 7.8 
L1 7.8 
M1 5.6 
N1 4.8 
O1 12.4 
P1 7.1 
Q1 7.7 
R1 6.6 
S1 6.9 
T1 6.6 

 

The data in Table 5 show that the DEM levels can vary over a fairly wide range of moistures but 
tend to cluster around an average value of about 8%. Assuming inherent moisture of 2.5%10 

then the DEM correlates to a surface moisture level of about 6.5%. This is about the moisture 
level where dry screening becomes difficult and is probably more than just a coincidence. 

Since the properties of coal from different areas vary, one would expect variance in the DEM 
levels and also the screening behavior of different coals. The specific size distribution of the 
coal as well as the ash content and the maceral composition are some of the factors that could 
affect the interaction between the coal and moisture. 

 

6. Practical implications 
 

In practice, variations in the moisture content of coal fed to a dry screening operation could 
significantly complicate the operation. Whereas one would expect the surface moisture of the 
coal to remain within certain limits during normal conditions (weather and mining) there is sure 
to be times when the moisture content of the feed-to-plant coal will increase and also decrease. 
In the event that the moisture increases, say from about 4% surface moisture to 6.5% surface 
moisture, a dry screening operation at 6 mm will experience a reduction in screening efficiency 
from 91.5% to 54.6% (values as per Table 4). This would mean that, if the feed to the plant is 



1000 t/h, the amount of minus 1 mm coal reporting in the screen oversize will increase from 
8.5t/h to 48.7t/h. If the screen oversize is sent directly to a dense medium circuit, it may become 
necessary to increase the bleed of medium to the magnetic separators so as to remove the 
additional fines from the medium circuit.  Alternatively, pre-wet screens may be considered 
ahead of the dense medium circuit to cater for abnormal conditions. 

When the coal received is dry (below the DEM level), dust will be generated by the screening 
operation and measures will need to be put in place to accommodate this. 

 

7. Conclusion 
 

Dry screening to remove fine coal in its dry condition before processing the coarse coal makes 
sense when a plant aims to produce thermal coal. Dry screening at small apertures is, however, 
not easy when the coal is damp and plans must be put in place to cater for those times when 
the coal received at the plant is wetter than normal. Dust will be present when the coal is dry 
and measures are also necessary to manage the dust. 
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Appendix A 
 
Leeuwpan screening test at Witlab 

    
          

2.5% Moisture Plus 50 mm Plus 25 mm 
Plus 12 

mm 
Plus 6 
mm 

Plus 3 
mm 

Minus 3 
mm 

  
  Size 
(mm)   Fractional Fractional Fractional Fractional Fractional Fractional 

- 65.0  + 50.0  59.37           
- 50.0  + 25.0  40.02 96.80         
- 25.0  + 12.5  0.00 2.30 95.62       
- 12.5  + 6.3  0.05 0.08 3.09 93.81     
- 6.3  + 3.0  0.05 0.04 0.17 4.08 94.12   
- 3.0  + 2.0  0.05 0.03 0.08 0.09 3.42 27.69 
- 2.0  + 1.0  0.10 0.05 0.06 0.14 0.18 26.15 
- 1.0  + 0.5  0.05 0.09 0.11 0.14 0.18 15.83 
- 0.5  + 0.0  0.31 0.61 0.87 1.74 2.11 30.32 

          
3.9 % Moisture Plus 50 mm Plus 25 mm 

Plus 12 
mm 

Plus 6 
mm 

Plus 3 
mm 

Minus 3 
mm 

  
  Size 
(mm)   Fractional Fractional Fractional Fractional Fractional Fractional 

- 65.0  + 50.0  74.92           
- 50.0  + 25.0  24.43 97.69         
- 25.0  + 12.5  0.00 1.54 95.14       
- 12.5  + 6.3  0.07 0.13 2.84 86.02     
- 6.3  + 3.0  0.03 0.05 0.18 9.82 88.44   
- 3.0  + 2.0  0.07 0.05 0.11 0.13 6.79 25.50 
- 2.0  + 1.0  0.07 0.04 0.15 0.19 0.32 29.88 
- 1.0  + 0.5  0.16 0.06 0.18 0.31 0.53 19.84 
- 0.5  + 0.0  0.26 0.44 1.40 3.53 3.92 24.78 

          
4.2 % Moisture Plus 50 mm Plus 25 mm 

Plus 12 
mm 

Plus 6 
mm 

Plus 3 
mm 

Minus 3 
mm 

  
  Size 
(mm)   Fractional Fractional Fractional Fractional Fractional Fractional 

- 65.0  + 50.0  50.71           
- 50.0  + 25.0  47.34 89.69         
- 25.0  + 12.5  0.00 7.90 87.13       
- 12.5  + 6.3  0.19 0.19 8.09 81.28     
- 6.3  + 3.0  0.19 0.08 0.17 9.89 11.13   
- 3.0  + 2.0  0.19 0.10 0.17 0.50 28.36 48.81 
- 2.0  + 1.0  0.32 0.28 0.64 1.68 21.11 36.75 
- 1.0  + 0.5  0.39 0.48 1.02 2.29 15.44 6.95 
- 0.5  + 0.0  0.67 1.28 2.78 4.36 23.95 7.50 



          
6.3 % Moisture Plus 50 mm Plus 25 mm 

Plus 12 
mm 

Plus 6 
mm 

Plus 3 
mm 

Minus 3 
mm 

  
  Size 
(mm)   Fractional Fractional Fractional Fractional Fractional Fractional 

- 65.0  + 50.0  43.10           
- 50.0  + 25.0  53.74 88.67         
- 25.0  + 12.5  0.20 7.03 73.90       
- 12.5  + 6.3  0.25 0.14 14.75 55.41     
- 6.3  + 3.0  0.25 0.07 1.42 22.60 49.72   
- 3.0  + 2.0  0.25 0.24 0.76 3.97 26.06 39.97 
- 2.0  + 1.0  0.59 1.05 2.46 5.26 9.37 45.75 
- 1.0  + 0.5  0.64 1.04 2.41 4.58 6.34 8.16 
- 0.5  + 0.0  0.99 1.75 4.30 8.18 8.52 6.12 

          
8.3 % Moisture Plus 50 mm Plus 25 mm 

Plus 12 
mm 

Plus 6 
mm 

Plus 3 
mm 

Minus 3 
mm 

  
  Size 
(mm)   Fractional Fractional Fractional Fractional Fractional Fractional 

- 65.0  + 50.0  68.84           
- 50.0  + 25.0  28.51 89.92         
- 25.0  + 12.5  0.37 7.10 88.40       
- 12.5  + 6.3  0.20 0.05 6.98 66.05     
- 6.3  + 3.0  0.17 0.08 0.17 16.95 91.75   
- 3.0  + 2.0  0.22 0.18 0.28 3.10 5.52 17.00 
- 2.0  + 1.0  0.56 0.58 0.87 4.50 0.29 26.14 
- 1.0  + 0.5  0.47 0.69 1.01 3.36 0.44 17.37 
- 0.5  + 0.0  0.66 1.40 2.29 6.05 1.99 39.49 

          
10.2 % Moisture Plus 50 mm Plus 25 mm 

Plus 12 
mm 

Plus 6 
mm 

Plus 3 
mm 

Minus 3 
mm 

  
  Size 
(mm)   Fractional Fractional Fractional Fractional Fractional Fractional 

- 65.0  + 50.0  57.87           
- 50.0  + 25.0  39.28 88.42         
- 25.0  + 12.5  0.00 8.53 86.99       
- 12.5  + 6.3  0.22 0.14 7.93 73.07     
- 6.3  + 3.0  0.51 0.15 0.18 11.61 48.63   
- 3.0  + 2.0  0.35 0.28 0.32 2.91 17.95 16.25 
- 2.0  + 1.0  0.56 0.67 1.03 4.18 12.19 26.06 
- 1.0  + 0.5  0.48 0.63 1.17 3.15 8.10 17.88 
- 0.5  + 0.0  0.73 1.17 2.38 5.08 13.13 39.80 

 


