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Steve Bowditch, 
A.W. Chesterton Co., 

US, explains the uses of 
advanced modifi ed epoxy composite 

linings in coal handling and preparation plants.

Lining them upLining them upLining them upLining them upLining them upLining them up

As coal leaves the mine, it will vary 
widely in particle size ranges, ash 
content, moisture content and sulfur 
content. These are the primary 

characteristics that coal preparation plants can 
control. Large pieces of coal that exit the minesite 
and are transported to the preparation plant 
must be crushed and sized, while “chunk rock” 
must be separated from ROM coal. Ash content, 
which can range from 3 – 60% depending on the 
minesite, is typically derived from slate deposits 
associated with coal seams and needs to be 
removed so as to meet coal quality requirements. 
The moisture content of the coal can be classifi ed 
as either:

 l “Surface” moisture derived from sources after 
the coal has been extracted from the mine, 
such as exposure to air, wet mining methods, 
rainfall onto stockpiles and plant-based water 
spraying for dust reduction.

 l “Inherent” moisture, also called “bed” or 
“cellular”, which is included in the coal when 
it formed underground. 

The purpose of the coal preparation plant is to 
remove impurities in the coal in order to improve 
its heating value (Btu), to reduce transport and 
handling of waste associated with the coal as it is 
mined, and to remove pyrites and sulfates that 
might impact combustion related air pollution 
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control issues. To accomplish these 
goals a coal handling preparation plant 
will crush and screen coal to different 
size fractions, and then separate any 
impurities by physical, mechanical or 
chemical means. 

In the Bowen basin region of 
Australia, a large number of coal mines 
and preparation plants are coming 
online. Noticeable issues related to 
labour and infrastructure are becoming 
evident, such as accommodation for 
contractors, roads and associated 
services. Many of these new minesites 
are forced to rely on “fly-in/fly-out” 
labour pools. As a result, the coal 
industry needs to continuously look at 
root causes for disruptions in service, 
and the technologies that can reduce 
the reliance on these limited and costly 
resources. In 2005, the 
Maintenance Technology Institute at 
Monash University completed an 
in-depth study for the Australian Coal 
Association Research Program, 
(ACARP).1 The study was based on 
four plants, all commissioned in the 
1970s, and was based on a minimum of 
two years of maintenance data. In that 
study the direct costs of corrosion in 
preparation plants was reported to vary 
from US$ 700,000 – 2 million/year. 
These costs did not take into account 
lost production due to unscheduled 
shutdowns. Maintenance personnel 
interviewed for the study felt that, if 
these costs were included, it would 
increase the figures several times. 

In general, the report indicated there 
were several core factors that drive 
corrosion risks and costs.

 l Corrosivity of water supply used in 
the preparation process. 
 x As a result of limited fresh 

water supplies, plants in 
the Bowen basin that use 
re-circulated water tend to have 
higher corrosivity due to the 
lack of fresh water dilution. 
In some cases, sulfates and 
chlorides have increased by as 
much as 150%.

 x Recycled water usage has 
increased due to lower water 
allocations, resulting in many 
plants using as much as 
50% recycled water in their 
processes.

 x While for the most part mine 
water is alkaline, there have 
been instances where mine 
water has dropped into the 
acidic range (2.5 – 4 pH). High 
levels of sulfates were present in 
low pH ranges.

 x In one case, plant water exhibited 
chloride levels of 3500 ppm. 
This is roughly one sixth the 
chloride level of sea water.

 l Time and degree of wetness present 
in the plant.
 x The longer surfaces were wet 

and the higher the frequency 
of exposure to sludge and 

process water, the higher the 
degree of corrosion. As a result, 
lower sections of the plant 
exhibited higher corrosion 
than those sections higher 
up in the operating areas. In 
some localised environments, 
chloride levels as high as 
11,000 ppm were reported, 
meaning measuring wash water 
or raw water purity is not 
always an accurate determining 
factor of corrosiveness.

 l Plant design and maintenance.
 x Designing for proper drainage 

and providing for frequent 
wash downs to limit sludge 
build-up would limit aggressive 
conditions from forming. 

 x Limiting sharp edges in plant 
design and ensuring proper 
surface preparation during 
coatings application, as well 
as limiting unauthorised 
plant modifications that 
result in protective coatings 
damage, would promote 
the performance of selected 
protective coatings.

In the study, selected key drivers 
indicated where corrosion was most 
endemic. Figure 1 shows the various 
sections where corrosion costs are 
attributed to. A significant portion of 
these are related to structural steel.

In addition to the corrosion of 
structural steel, another study stated 
that wastage and erosive losses due to 
abrasion as particles slide across a 
surface are greatly affected by those 
same corrosive conditions present in 
and discussed in the ACARP report.2 
The synergistic effects of corrosion and 
abrasion can greatly affect metal loss 
rates in a coal preparation plant where 
high chloride and sulfate environments 
are present in damp or immersed 
conditions and where there are high 
flow rates of abrasive particles.

The processes involved in a coal 
handling preparation plant involve 
combinations of abrasion, impact and 
corrosion. As a result, plant 
maintenance personnel are continuously 
addressing equipment that corrodes or 
wears out. In a best case scenario, they 
are able to provide predictive 
maintenance, while in a worst case Figure 1. Areas accruing corrosion costs.
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scenario they are forced into reactive 
maintenance cycles that carry 
inherently increased costs due to 
unplanned losses in plant production. 
Maintenance costs are a constant factor 
in plant profi tability and availability, so 
any efforts to reduce equipment 
downtime by instituting new 
technologies or best maintenance 
practices can result in benefi ts that drop 
immediately to the bottom line. All too 
often, the reactive response is 
equipment replacement, as opposed to 
a review of the root cause of the 
problem and then instituting an 
appropriate corrective action. Structural 
steel that corrodes due to poorly 
specifi ed or applied coatings needs 
higher performing coatings and more 
diligence in surface preparation and 
application procedures. In many cases, 
improved “clean-down” procedures to 
limit extended exposures to sludge and 
corrosive “black water” can improve 
the lifetime of coatings. To combat 
heavy abrasion, alumina tiles are used 
extensively and these work very well in 
areas that are not subjected to heavy 
impact, fl exing or vibration. In high 
impact areas, the use of exotic alloys, 
weld overlays and liner plate is also 
common. The use of trowel-on 
ceramic-reinforced composites is also 
increasing in these areas due to the 
speed of repair, ease of application and 
repairability. The high bond strengths 
and increased fl exibility of these 
compounds also make them suitable for 
fl exing and vibration areas widely seen 
in preparation plants. In addition, the 
increased ease of installation and 
performance of these composite 
materials is gaining in popularity. 
By using local plant labour rather than 
specialised labour and equipment 

associated with tile or hard facing, 
overall maintenance costs can be 
further reduced 

Equipment that has been tile-lined 
with ceramics for wear resistance, yet 
which constantly fails due to brittle 
fracture, may be a candidate for more of 
these composites. If the mode of failure 
is further compounded by loss of grout 
lines between individual tiles, resulting 
in the eventual undercutting of the 
bedding adhesive, then a monolithic 
“seamless” approach provided by these 
composites may be a solution. 
Likewise, if chromium, molybdenum or 
high nickel alloys are exposed to 
corrosive conditions, the resulting 
weakly-adhered oxide layers on the 
surface can be easily washed away. 
Time and costs associated with 
repairing these alloy systems can be a 
signifi cant limiting factors to their use. 

Case studies
An important component of adopting 
best practices is the utilisation of unique 
and proven material technologies in 
areas where existing methods are 
deemed to be insuffi cient. The type of 
environment needs to be defi ned based 
on the actual service exposures. The 
following case histories describe several 
applications where “conventional” 
approaches to addressing maintenance 
issues related to wear and corrosion 
were less than effective and, when new 
technologies were evaluated, they were 
proven to be cost-effective and 
time-saving options.

Vibratory screen support 
beams
In a wet vibratory screen, fi ne sized coal 
particles passing through the screen 
impinge on the supporting sub-frame 

cross beam surfaces, while oversized 
material exits across the deck plate. 
A common lining selection offering from 
screen suppliers has been epoxy primers 
followed by 100% solids polyurethane, 
polyureas or rubber due to their 
elastomeric properties’ ability to 
withstand vibration and impact. In this 
particular application, the polyurethane 
liner had failed at critical weld zones 
due to permeability, resulting in 
underfi lm corrosion and delamination 
compounded by low adhesion. After test 
patch analysis, a 100% solids modifi ed 
polyamide cured, ceramic-reinforced 
liner was selected. This system offered 
acceptable fl exibility and durability to 
resist the vibration and abrasive fl ow 
with far lower permeability and 
dramatically higher adhesion values, 
allowing it to withstand the wet coal 
fl ow (Figure 2). Applying 
ceramic-reinforced composite systems in 
a two-coat, two-colour approach allows 
for easy monitoring of wear points 
identifi ed by the colour change in the 
lining system. The ease of repair of these 
materials allows for touch-up in short 
turnarounds common to the industry, 
thereby avoiding catastrophic failure of 
these critical components.

Screen discharge chutes
Ceramic tile liners are commonly 
installed in screen discharge chutes to 
withstand the high abrasive fl ow of 
coarse coal or reject material. In this 
application impact damage led to tile 
loss and adjacent tile delamination. 
When left unaddressed, structural steel 
failure occurred, allowing for loss of 
process fl ow. The tile failure was 
occurring every 4 – 6 weeks, 
necessitating increasingly frequent 
repairs. By using a hybrid epoxy 
ceramic-reinforced liner, the chutes 
were repaired in less than one hour and 
were back up and operating in 
three hours. The previous mean time 
between repairs of 4 – 6 weeks was 
extended to seven months showing 
increased reliability of the maintenance 
practice, while saving valuable labour 
costs and time. Figure 3 shows the 
initial condition with holed steel shell 
through after a six week run time of 
tile, followed by the epoxy composite 
repaired chute after application and 
then after seven months run time.

Figure 2. The failed critical weld zone (left) and the new barrier coat with fi nal ceramic 
reinforced top coat (right).
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Thickener tanks
In thickener tanks, corrosion and 
erosion are prominent in early stages 
such as the feed pipes, de-aeration 
tanks, feed-wells and diffuser plates, 
due to fine particle abrasion combined 
with the highly oxygenated water. As 
the sludge concentration increases at 
the underflow discharge cones and on 
the rake arms, paste abrasion becomes 
a factor. Traditional coatings used in 
these areas may be based on 
polyurethanes and polyureas, as 
well as inorganic zinc primers with 
micaceous iron oxide (MIO) epoxy 
mastics. A thickener tank received 
a modified 100% solids  
ceramic-reinforced epoxy liner based 
on evaluations and experiences with 
the product in other areas of the plant. 
The modified lining had unique low 
modulus properties to provide the 
required flexibility to address tank 
stress and deflection, while also being 
able to achieve full cure at ambient 
temperature. In addition, its primary 
reinforcement was based on 
aluminium oxides, which provided 
increased erosion resistance. This 
lining has now been in service for 

11 years with only minor touch-ups 
required.

De-sliming sumps
Coal de-sliming sumps hold coal slurry 
solutions in various stages, such as 
after screening and cyclone separation. 
Due to the liberation of fines, the 
highest contamination levels of 
chlorides are typically found in these 
areas and corrosion rates can be 
extremely high. High-build epoxy 
mastic liners are commonly used here, 
though due to the immersion 
conditions and highly corrosive 
conditions they experience rapid 
failure. Polyurethane linings,  
spray-applied to thickness of 3 – 9 mm, 
have also been used extensively in 
sumps, with mixed success. In many 
instances when these elastomeric-based 
products have been used, advanced 
corrosion – leading to delamination 
and pump blockages – has been the 
result. After experiencing severe 
corrosion involving wall thinning in 
one region where pinholes were noted, 
a preparation plant in the Bowen basin 
employed a 100% solids,  
ceramic-reinforced, high-build 

modified amine cured epoxy to correct 
the situation. The high-build nature 
allowed for an erosion and corrosion 
resistant lining in the zones of high 
wear. After the rebuilding was 
completed, a final two coat application 
of a 100% solid ceramic-reinforced 
high-build epoxy coating was applied 
for corrosion protection.

Flotation cells
Flotation cells use agitation and forced 
air injection combined with oil addition 
to generate a froth, which attracts and 
draws coal fines to the surface overflow 
troughs, while the waste solids drop to 
bottom of cell for disposal. The 
internals of these cells are exposed to 
erosive flow, while the externals and 
overflow troughs are exposed to 
corrosive conditions. Traditionally thin 
film (0.5 – 1 mm) coal tar epoxies or 
thick film (3 – 9 mm) polyurethanes 
have been used. Coal tars have had 
very limited success and, as a result, are 
being used less and less, while thicker 
film polyurethanes have been popular 
and successful in many applications. 
These systems can have modulated 
hardnesses ranging from low of a 
Shore D hardness of 35 – 40 to a high of 
75 – 80. The harder the system, the 
better corrosion and abrasion resistance 
but the lower impact resistance. In one 
instance a combination of ceramic tile 
under agitator blade was used, while 
the internals and shell walls were lined 
with a mid-range hardness (Type B) 
elastomeric polyurethane. The urethane 
liner blistered after a short time in the 
immersion service due to softening 
from oil exposures and, when the blade 
caught the blister, it tore the liner from 
the shell walls. Rather than reapply the 
previous lining, the client selected a 
modified high build 3 – 5 mm epoxy 
lining with high ceramic loading for the 
lower sections and, in the upper 
regions where velocity was lower, a 
0.7 – 1 mm lower ceramic loading 
modified epoxy system. The single coat 
application process has performed for 
over four years without any sign of 
failure. Figure 4 illustrates the epoxy 
lining installation. 

Conclusion
Protective coating technologies are 
advancing rapidly and the materials 

Figure 3. Screen discharge chute before repair (left) and seven months after 
application of the epoxy composite.

Figure 4. Epoxy lining installation.
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science driving this advancement is 
based on several fronts. Reactive 
chemistry based on higher functionality 
resins and curing agents mean advanced 
cross linking, resulting in improved 
permeation resistance and chemical 
resistance, is achievable. The utilisation 
of adhesion-promoting additives means 
improved surface tolerance during 
application and higher ultimate tensile 
adhesion values. The incorporation of 
reactive mono- or di-functional diluents 
ensures full cure capability under a 
much broader range of ambient field 
conditions, while easing application 
properties and improving ambient cure 
capability. There is no longer a need to 
incorporate solvents to “thin” products 
for use. Surface engineering of 
functional reinforcements (fillers) based 
on particle size and shape allows for 
higher and higher pigment volume 
concentration levels to be achieved, 
further reducing permeability factors 
and lowering co-efficients of thermal 
expansion, while dramatically 
increasing resistance to erosive flow. 
These coatings can be used not only for 

protecting structural steel surfaces but 
also to line process equipment, such as 
flotation cells, slurry pumps and pipe, 
cyclones and centrifuges. The ability to 
utilise advanced materials technology to 
provide engineered surfaces that can 
resist high impact and sliding erosive 
wear from abrasive particles of varying 
size and density, which may also be 
carried in a corrosive solution, has been 
proven to increase mean time between 
repairs and to lower overall 
maintenance costs. The fact that the 
engineering is restricted to the exposed 
surfaces allows plants to reduce their 
reliance on higher cost materials of 
construction. Since these plants are often 
under contract to supply their finished 
stock to thermal power plants or steel 
mills, their ability to increase equipment 
uptime and reliability is critical. 

Advances in new maintenance and 
repair technologies should be 
reviewed and, if deemed practical, 
evaluated for adoption. With the 
recent advances in protective coatings 
technologies, as well as the awareness 
of improved surface preparation 

standards and application 
methodologies, coal preparation plants 
now have an important new weapon 
in their arsenal to reduce ongoing and 
persistent corrosion and abrasion 
issues in their plants and operating 
equipment. Finally due to advances in 
materials science and polymer 
chemistry, ceramic-reinforced 
composite coatings are being used 
more and more as OEM linings, rather 
than just repair compounds. Both new 
and existing coal preparation plants 
should take full advantage of these 
advances and seek any way possible to 
reduce their maintenance costs and 
increase production. 
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