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IMPACT OF CRUSHER-TYPE AND PRE-SCREENING ON 
FINES GENERATION

Kip Alderman
Advanced Coal Technology, Inc.

ABSTRACT

Fine coal particles create dust problems in material handling and are more costly to clean in the 
preparation plant, so minimizing the generation of fines in the crushing process can provide tangible 
benefits to the mining company. The hardness of the coal probably has the greatest impact upon 
product fineness, but the type of crusher employed and the crusher settings also have significant 
impacts upon the ultimate product fineness. 

A study was performed to evaluate the difference in crushers on fines generation. In addition, tests 
were performed to compare two types of crushers, and to evaluate the impact of pre-screening 
ahead of the crusher on fines generation. Test data is presented and discussed.

Data will also be presented to show the impact of coal washing processes on fines generation. 
Process degradation, in some cases, may be a more significant source of fines than crushing.

Definition of Fine Coal

ASTM defines fine coal as “that portion of a coal sample being subjected to a washability study 
that is smaller than the predetermined particle size, generally between 2.36 mm and 9.5 mm …”. 
Fines could then be described as particles finer than 10 mm. For the purpose of this discussion 
the focus is on particles that tend to be found in air-borne dust, particles generally 0.5 mm and 
smaller.

When comparing two different samples for fineness, one common method is to compare the 
percentage of particles finer than some given sieve opening; however, in this study, mass mean 
diameter, and Sauter Mean Diameter (also called Average Grainsize) were used.

 The mass mean diameter (MMD) is calculated by summing the products of the sieve fraction 
weight% and the midpoint diameter of the sieve fraction and dividing by the sum of the weight% 
as shown in Table 1. The midpoints of the plus 1-1/2” and minus No. 100 sieve fractions were 
estimated.

The Sauter Mean Diameter (SMD) is calculated by dividing the sum of the sieve weight% values 
by the sum of the quotients of the weight% and the midpoint diameter of the sieve fractions as 
shown in Table 2. Comparing column “e” in both tables shows the SMD calculation is more 
sensitive to the percentage of finer particles in the samples than is the MMD calculation.

 



a b c d e

US Sieve
Opening 

(mm)
Midpoint 

(mm) Weight% c x d

1-1/2” 38.100 45.99 1.75 80.48

1” 25.400 31.75 8.09 256.86

3/4” 19.050 22.23 9.43 209.58

1/2” 12.700 15.88 12.70 201.61

1/4” 6.350 9.53 20.15 191.93

No. 6 3.360 4.86 15.65 75.98

No. 12 1.680 2.52 11.90 29.99

No. 20 0.841 1.26 7.49 9.44

No. 30 0.595 0.72 2.65 1.90

No. 50 0.297 0.45 3.90 1.74

No. 100 0.149 0.22 2.79 0.62

Pan 0.05 3.50 0.18

∑Weight% 100

∑c x d 1060.32

MMD 10.60
Table 1

Flextooth Product Size - Mass Mean Diameter (MMD)

a b c d e

US Sieve
Opening 

(mm)
Midpoint 

(mm) Weight% d/c

1-1/2” 38.100 45.99 1.75 0.04

1” 25.400 31.75 8.09 0.25

3/4” 19.050 22.23 9.43 0.42

1/2” 12.700 15.88 12.70 0.80

1/4” 6.350 9.53 20.15 2.12

No. 6 3.360 4.86 15.65 3.22

No. 12 1.680 2.52 11.90 4.72

No. 20 0.841 1.26 7.49 5.94

No. 30 0.595 0.72 2.65 3.69

No. 50 0.297 0.45 3.90 8.74

No. 100 0.149 0.22 2.79 12.51

Pan 0.05 3.50 67.31

∑Weight% 100

∑(d/c) 109.77

SMD=∑Weight%/∑(d/c) 0.91

Table 2
Flextooth Product Size - Sauter Mean Diameter (SMD)



Background, Samples, and Testing

A large surface mine in southwest Wyoming experienced dust accumulations at the numerous transfer 
points throughout the material handling system. The mined coal has a Hardgrove Grindability 
Index of 60. Figure 1 shows a flow diagram of the material handling system. Baghouses were 
installed at the transfers with the dust discharged down-flow from the transfer point. Coal with a 
24” top-size was fed from a truck dump to an inclined vibrating screen. The plus 1-1/2” oversize 
coal reported to a Jeffrey Flextooth crusher. Mine personnel had two primary questions:

1.  Are there crushers that could produce less fines and dust than the existing crusher?
2.  Does pre-screening the feed reduce the percentage of fines generated by crushing?

A review of literature (Lutz 1960, Horsfall, 1980) suggested that two-stage double-roll crushers 
would produce a lower percentage of fines at the same top-size than other crushers. Pre-screening 
feed to remove most of the undersize material was also identified as a way to reduce the percentage 
of fines in the final product. A study on liberation and crusher type (Kestner 1962) provided useful 
information on a variety of crushers and settings when crushing identical coal feeds. Figure 2 
shows summary data and a chart comparing the results for the different crushers. The black bars in 
Figure 2 show crushers/settings that generated product top-sizes as large, or larger, than that of the 
single roll crusher. In every case, those crushers produced more fines, as measured by SMD, than 
the single roll crusher. In fact, the SMD of the single roll crusher product was more than double 
the SMDs of the other products.

Based upon this information, it was decided to collect large samples to evaluate the existing screen 
and crusher, and perform small scale crushing tests at Gundlach facilities near Belleville, IL.

The ROM samples were first screened on a Gilson machine at 6”, 4”, 3”, 2”, 1-1/2”, 1” and ¾”. 
The minus ¾” material was riffled and screened on a Ro-Tap at ½”, ¼”, No. 6, No. 12, No. 20, No. 
30, No. 50, and No. 100. After recording the mass values for each size fraction, the screen fractions 
were combined to produce samples of screened plus 2” coal and unscreened ROM coal.

Crushing tests were performed using a Gundlach two-stage double-roll crusher. In the initial tests, 
the gap for the upper rolls was set at 2-1/2”, and the gap for the lower rolls was set at ½”. In the 
second test, the gap for the upper rolls was set at 2-1/2”, and the gap for the lower rolls was set at 
1-1/2”. Samples of crushed coal were collected from each test and were screened at 2”, 1-1/2”, 1”, 
¾”, ½”, ¼”, No. 6, No. 12, No. 20, No. 30, No. 50, and No. 100. Table 3 shows the results from 
crushing the unscreened and the screened feed.
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Figure 2
Results of Crushing Tests
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Unscreened Screened
Flextooth 1/2” Gap 1-1/2” Gap 1/2” Gap 1-1/2” Gap

Mass Mean Diameter 10.42 13.30 16.10 14.10 15.10
Sauter Mean Diameter 0.90 1.15 1.20 1.25 1.23

% Passing 1/4” 47.88 40.06 36.09 36.27 37.90
% Passing No. 30 10.19 8.22 7.78 7.18 7.31

Table 3
Crushing Test Summary

The existing set-up at the plant (screen and crush only the oversize) generated a combined product 
with a MMD of 10.42 mm and a SMD of 0.9 mm. Crushing the unscreened coal with a ½” lower 
gap produced a MMD of 13.30 mm and a SMD of 1.15 mm; with the lower gap set at 1-1/2”, the 
unscreened feed yielded a product with a MMD of 16.10 mm and a SMD of 1.20 mm.

For tests with the screened coal feed, the crushed product was mathematically recombined with the 
screen undersize to calculate the product size distribution. Crushing the screened coal with a ½” 
lower gap produced a MMD of 14.10 mm and a SMD of 1.25 mm; with the lower gap set at 1-1/2”, 
the screened feed yielded a product with a MMD of 15.10 mm and a SMD of 1.23 mm.

Crushing screened feed generated a product with the fewest fines, as defined by SMD, and the 
lowest percentage of particles passing No. 30. Compared to the screen/Flextooth system, the two-
stage double roll crusher product with screened feed contained nearly 30% less minus No. 30 coal 
and had a SMD nearly 40% higher than the screen/Flextooth system.

Based upon the results of the study, the screen/Flextooth system was replaced with a screen/two-
stage double-roll crusher system. While not eliminated, dust accumulations were reduced with the 
new system.

Size Degradation in the Preparation Plant

Coal fines and dusting issues are a concern at any operation, but there are a variety of issues 
beyond dust for coal fines in coal preparation.

• Fine coal is more expensive to clean
• Fine coal is more expensive to dry
• Fine coal is less efficiently recovered
• Fine coal raises product moisture

Discussions of size degradation at the preparation plant frequently revolve around the impact of 
heavy equipment on the stockpiles. While this, no doubt, is an important source of degradation, 
in-process size degradation may have more severe impacts upon plant economics. For example, if 
a particle degrades in the coarse coal circuit, it may pass-through the recovery screens into the fine 



coal circuit, where the costs of processing may be higher and the recovery efficiency may be lower. 
Therefore, the cost of cleaning is incurred twice and the net recovery for the plant is lower.

Two possible sources of degradation in the preparation plant that are often overlooked are both 
associated with pumping:

1) Recirculating solids loads with fireclay, or clay-like particles
2) Pumping high-HGI, coarse size particles

When pumping process slurries containing fireclay (a common floor material in coal mines) it is 
essential to bear in mind that clay, fireclay and similar materials in raw coal degrade rapidly in 
an environment of water and agitation. If a re-circulating solids stream in the process contains 
clay-like particles, larger particles will degrade to much finer clay particles in fairly short order, 
negatively impacting process water quality and increasing the solids load to the thickener. When 
considering a re-circulating solids loop in the design of a preparation plant the size of the coal, 
the hardness of the coal, and the degradation characteristics of the dilution in the coal should be 
considered.

Pumping coarse-size, relatively soft coal can cause unexpected degradation in the preparation 
plant. It is important to consider that large particles of coal break more easily than smaller particles. 
Figure 3 shows a plot of the relative energy required to break coal to progressively smaller sizes.
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Figure 3
Relative Energy for Breakage



For example, breaking a given mass of 2” particles to 1” particles requires only about 2/3 the 
energy that breaking the same mass of 1” particles to ½” particles. Figure 4 graphically illustrates 
the concept.

Figure 4
Energy of Breakage

What this means for coal preparation is that coarse particles will degrade more easily than smaller 
particles. Pumping smaller particles will not produce the size degradation of pumping coarse 
particles.

Samples of feed and product were collected from two different preparation plants processing the 
same seam of coal from different mines in the same geographical area. Although both plants used 
dense medium cyclones for cleaning the plus 0.6 mm raw coal, one of the plants used a gravity 
feed cyclone circuit and the other used a pump feed cyclone circuit. Flow diagrams for the circuits 
are shown in Figure 5.

Figure 6 shows a Rosin Rammler size distribution plot for the raw coal feeds to both circuits. The 
raw coal feed to the gravity feed cyclone plant was somewhat coarser than the feed to the pump 
feed cyclone plant. The gravity feed cyclone feed contained 18.43% of particles finer than 0.6 mm 
and the pump feed cyclone feed contained 22.96% of particles finer than 0.6 mm.

if  breaking a 2” particle into four (4) - 1” particles 
requires 1 unit of  energy

then breaking a 2” particle into sixty-four (64) - 1/2” particles 
requires 2.4 units of  energy







The difference in the fines percentage of the products is dramatic. The gravity feed cyclone product 
contained 35.49% minus 0.6 mm material and the pump feed cyclone product contained 50.9% 
minus 0.6 mm material. That represented a 93% increase in minus 0.6 mm material in the gravity 
feed cyclone product and a 122% increase in the minus 0.6 mm material in the pump feed cyclone 
product when compared to the feeds. Table 4 shows a summary of the results.

Weight% < 0.6mm Weight% < 0.6 mm
In Feed In Product Percent Increase

Gravity Feed Cyclone 18.43 35.49 92.57
Pump Feed Cyclone 22.96 50.90 121.69

Table 4
Summary of Sample Analysis for Circuit Feeds and Products

One of the factors that could impact the product size distribution besides degradation is the 
percentage of high ash material in the coarser sizes of the circuit feed. If a disproportionate amount 
of the reject is coarse-size, the product will naturally show a relative increase in fines. Figure 7 
shows a plot of ash content by particle size fraction for both circuit feeds.

Both feeds contained a high percentage of coarse reject material. In order to account for this, the 
size analyses of the feeds and products were adjusted to estimate the particle size distribution of 
the recoverable coal in the feeds. Table 5 shows this data.

Weight% < 0.6mm Weight% < 0.6 mm
In Feed In Product Percent Increase

Gravity Feed Cyclone 25.95 35.87 38.24
Pump Feed Cyclone 30.32 51.35 69.35

Table 5
Summary of Adjusted Sample Analysis for Circuit Feeds and Products

The test data show that the pumped feed cyclone circuit produced considerably more degradation 
and more fines in the product than the gravity feed cyclone circuit.
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Figure 7
Ash Content by Size Fraction



Conclusion

Size degradation occurs in material handling systems and at preparation plants due to a variety of 
factors. Paying close attention to process design can help reduce the production of fines.
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