SYNOPSIS

REDUCED MAINTENANCE COSTS RESULTING FROM THE USE OF WEAR RESISTANT MATERIALS

The use of ceramics to protect equipment subjected to wear in abrasive and corrosive
applications has been accepted by most plants as the industry norm. The application of
Ceramic wear resistant tiles to surfaces subjected to wear or corrosion can be seen as the
industry standard. Very little is however known about the other special ceramic based
products which are available for the protection of plant assets. This paper will concentrate
on a few of the more important products.

THE SUCCESS OF ALUMINA CERAMICS IN IMPACT AREAS

For a number of years now, Ceramics have been steadily gaining a place in wear resistant
applications as a premier, sacrificial wear resistant lining. Traditionally, however, most
engineers have shied away from using them in any situation where there is high impact. This
attitude has retarded the application of this superior lining material. Increasingly of late,
however, ongoing R & D and test work on plant has led to the conclusion that, with careful
engineering, unique impact resistant ceramics can be used in high impact zones using
modern ceramic wear resistant linings and ballistic armour technology.

GENERAL

In many applications linings and components are subjected to considerable physical attack.
However, the concern that ceramic wear resistant materials would be too fragile under such
conditions is unfounded.

Properly selected, but above all, properly installed, ceramics will provide an extremely tough
lining material. Ceramic wear resistant linings can be subjected to tremendous physical
abuse with minimal degradation.

The magnitude of such impact resistance will vary with conditions encountered. It would
depend on size and bulk density of materials handled, impact angle, height of drop and
quantity handled per given time.

In this context it would also be interesting to know that the Alumina ceramics were also

effectively used during conflicts to line body areas of combat vehicles, tanks and helicopters

as wel |l as the pilotds seats and other operatin
ceramic bulletproof vests as personnel armour protection for most hazardous conditions.

To achieve this impact resistance, as stated above, proper methods of installation are

critical.

CERAMIC IMPACT PANEL SPECIFICATION

THEORY OF WEAR

For over twenty years, these ceramics have been applied to the wearing surfaces of
equipment in the minerals and metals processing industries, Power Stations and various
other bulk materials handling plants. In designing the specific wear resistant solution,
cognisance is taken of a matrix of factors causing wear, namely:

U Abrasion
U Erosion
U Corrosion

Abrasion: this mechanism of wear can be found wherever there is a moving body of
material exerting both downward and forward pressure.
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Erosion: this mechanism of wear can be found wherever materials are striking a surface at
an angle.

Corrosion: this mechanism of wear can be found wherever the wear surface is subject to
chemical breakdown and is one of the most neglected causes of wear.

In order to design a lining that will be resistant to all of these types of wear, whether
simultaneously or in isolation, there are several factors that must be integrated into the lining

design. These are:

Hardness ratio, liner to abrasive
Particle size, liner to abrasive
Particle shape

Impact angle and energy
Velocity and pressure

Lining integrity
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Points 4 and 5 are those that have been considered to rule out the use of ceramics, and
those that this paper seeks to show have a bearing on the design and manufacture of the
ceramic lining, but which need not necessarily preclude ceramics, thanks to current designs.
It has long been considered that the hardness of ceramics that contributes to its brittleness
makes it a material only usable in sliding abrasion and erosion conditions. The data, when
shown graphically as per Figure X, is however, still relevant in impact situations, ie. we still
try to reduce the impact angle to as little as possible when designing impact wear resistant
panels. However another dimension has been added in that we also try to
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a) reduce the cross sectional impact area of the tiles by reducing their dimensions as much
as practical and
b) provide a resilient, impact absorbing bonding mechanism.

IMPACT AND WEAR RESISTANT CERAMICS

Standard technical ceramics manufactured through dry pressing or casting do not have the
impact resistance of currently designed impact blocks. Composite impact panels are
assembled using cobblestone shaped ceramic blocks, produced by means of high-pressure
extrusion on a machine specially developed for the purpose of producing oxide ceramics.
The extrusion process and ceramic formulation provides maximum toughness combined with
the normal exceptional wear resistance of Alumina ceramics.

Twenty eight years of experience in the manufacture of this product has proven that the
shape of the block is just as important as the ceramic formulation and the method of
manufacture. The blocks are grooved at the bottom to guarantee maximum mechanical
adhesion to the polyurethane without sacrificing the resilience of the system.

A selection of extruded impact blocks i note the binding groove & rounded edges

The shape of the groove is critical in order to prevent shearing of the polyurethane while
retaining the impact resistance of the blocks. Grooves in the block act as a mechanical lock,
which reduces the possibility of tearing the blocks from the system. The working face of the
block is rounded substantially to prevent chipping while presenting the maximum working
area for resistance against abrasion.

The blocks are bonded into a specially formulated polyurethane matrix, thoroughly proven in
the armour industry, where bonding is critical to achieve the specified performance. The
gaps between the blocks are sufficient to prevent mechanical damage caused by direct
contact between blocks but also not too large to promote wear of the unprotected
polyurethane. The material particles are harder than the polyurethane and thus we know that
if these particles are in direct contact with a softer PU surface, we can expect high wear
rates. However, by creating joints between the hard ceramic impact blocks that are sufficient
to provide a strong bonding mechanism for the blocks but small enough to prevent the large
particles being in contact with the soft polyurethane, the polyurethane will be protected.
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Further improving the composite liner a resilient steel backing is used to act as a frame for
the fixing of the securing mechanisms but it is also designed to provide maximum strength
without any mechanical stresses on the blocks during impact.

The overriding theory is that the blocks with enhanced impact and wear resistant properties
must be allowed to "float" in a resilient matrix, which prevents any contact with any solid
body, which could exert excessive force onto the ceramic blocks.

In all cases where a liner is required to prevent both wear and impact, the tried and tested
ceramics must be engineered to take account of the Impact Energy that it may be required to
absorb. In order to do this, the following calculations need to be made before selecting the
specific thickness and type of ceramics required for the specific application.

Reverse side showing flexible Steelbacked ipact panels
steel backing with PU bond

CALCULATION OF IMPACT ENERGY

The total height (Ht) of a vertical drop shall be defined as the vertical level difference
between top of discharge and impact area.



The minimum value of impact energy (E), to be absorbed at the receiving point, shall be
calculated as follows:

Min. value of E = %M x V2 Nm

Where:

m = Mass of the nominal lump Kg
\% = Impact velocity of the above m/s
lump

Y = (2 x 9,807 x Hf )°®

Hf = Equivalent free fall height (m)

Impact energies shall be grouped in the following categories:
Category 01: Low Impact
Category 02: Medium Impact
Category 03: High Impact
Category 04: Severe Impact

8,0 Nm or less
8,1 to 60 Nm

60,1 to 150 Nm
150,1 or more Nm

mmimm
o mn

As a general rule, therefore,
U category 01 and 02 impact dictates a minimum of 25 mm thick impact blocks,
U category 03 a minimum of 50 mm and
U category 04 a minimum of 75 mm.

IMPACT ENERGY WITH PANEL HORIZONTAL

90 Degree
impact
2,5m drop
15Nm




IMPACT ENERGY WITH PANEL AT 60 DEGREES TO THE HORIZONTAL

30 Degree
IMPACT
ENERGY =
15 Nm at
5m drop
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OTHER CONSIDERATIONS

BRITTLENESS

Critical strain in ceramic is when fracture occurs usually by surface crack propagation. This
lack of ductility prevents the ceramic from accommodating stress concentrations with
consequent poor impact resistance. Design should, therefore, eliminate these stress
concentrations by avoiding sharp corners and adding a radius of chamfer to edges.

MECHANICAL STRENGTH

Alumina ceramics have ten times the strength in compression compared to the tensile
strength. Designs should be based on using compressive forces where possible.

In the case of Alumina ceramics, as noted, a range of compositions is manufactured,

normally containing from 85% to 96% Al,O;. To use a cliché, the change over from a badly

wearing steelliner component to a highly wear resistant
step forwardo.

TEST WORK

Prior to introducing the concept into field trials, a Relative Impact Abrasion Resistance Test
was initiated to test the theory and to provide substance to the proposed designs. High
density Alumina impact resistant ceramics are often tested in normal mining applications, but
an assessment of the relative wear life can normally only be made after extended periods of
testing due to the extreme wear resistance of the products. The Portland Cement Institute
was therefore commissioned in 1985 to conduct accelerated wear tests on four control
panels:



PROPERTY CONCRETE ALUMINA
Colour Grey White
Type Pre-cast, high alumina concrete | 94% extruded blocks
Compressive Strength 90MPa 2450MPa
Bending Strength 10MPa 270MPa
Tensile Strength 5.5MPa 165MPa
Water Absorption Surface porosity 0%
Porosity Gas tight Gas tight
Co-Efficient of Expansion 9x10°%/°C(400°C) 70x10°'/°C(500°C)

Co-Efficient of Thermal
Conductivity

1.15W/mK(600°C)

11W/mK (100°C)

Chemical Resistance

Poor resistance to acids and
low resistance to alkalines

Good resistance to acids and
alkalines excluding hydrofluoric
acid

Maximum Temperature 1100°C 1200°C
Co-Efficient of Friction See Fig 2 See Fig 2
Impact Resistance Refer to text Refer to text
Hardness (Moh) 5.5t0 6 9

Density (g/cc) 2.75 3.6

Two 65mm thick impact resistant ceramic panels with the ceramic impact blocks embedded
in white cement were tested and two 65mm thick concrete panels, Andesite stone + Kendall

sand at 85MPa.

IMPACT ABRASION RESISTANCE TEST

2500+

2000 ~

1500

1000 +

- P

MWL Alumina Impact  High Alumina Concrete High Alumina Concrete
Block {Fibre re-inforced) (100MPa)

The specimens were tumbled for 40 hours, 68,5 hours and 104.25 hours and the volume
loss or amount of wear was measured by filling the abraded void with standard sand. The
results were expressed in grams of sand used, which is equivalent to the volume loss.
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It was found that the tile wear was 9,2% of that determined for the two Andesite panels. If
this wear is compared with the average value established for 85MPa concrete, the tile wear
would represent approximately 13% of that for 85MPa concrete.

The tests repeated in 1996 presented similar results. One can assume that the wear rate
will be relatively linear on both the cement as well as the ceramic panels.

In high impact applications, the moment of inertia of the Alumina ceramic becomes
unimportant and the bulk of the ceramic is under attack. The resistance to fracture of the
ceramic is furthermore improved enormously by mounting it in a resiliently flexible medium,
which can absorb the strain energy of the impact by elastic/plastic deformation.

Hence, for high impact resistance, the Alumina liner system is designed with the lowest
impingement angle, optimum geometric shape of the Alumina components, lack of stress
concentration points in the ceramic, maximum bond strength, as well as mounting in a
resiliently flexible medium with sufficient deformability to absorb the bulk of the energy
transposed to the liner.

FIELD TRIAL IN A COAL APPLICATION

A test was carried out at a coal washing plant, where a 980 x 980mm panel was installed in
a severe impact area on a sharp bend of an enclosed chute directly after a coal gravity
separation drum. The feed to the drum is nominally minus 50 / 100 to plus 12 mm and,
depending on the particular plant, the sinks can be as much as 65% and as little as 20%, at
a rate of approx 250 tph. This shale and rock sinks to the bottom of the bath where the lifters
of the drum scoop it out of the medium, lift it to the top of the drum and then discharge it with
a drop of about 2 meters into a launder for removal from the drum.

Steel backed impact panels viAthbond

The impact and erosion are significant as a result so the principles of wear AND impact
resistant ceramics were again applied viz.

0 Small cross section 7 100 mm long x 75 mm wide tiles

U Category 3 impacti 50 mm thick tiles

U Impact absorption using polyurethane and cobblestone pattern.

The resultés speaks for itself:

MAX. LIFE OF PREVIOUS HARD METAL LINER: 3 Weeks
LIFE OF MWL IMPACT PAD (STILL IN OPERATION) 78 Weeks
RELATIVE COST OF 980x980mm HARD METAL LINER: 1
RELATIVE COST OF 980 x 980mm MWL IMPACT PAD: 1,8
RELATIVE ANNUAL COST HARD METAL vs CERAMIC 12:1

IMPACT PAD



CONCLUSION AND SUMMARY

The inherent attributes of dense alumina ceramics are hardness accompanied by brittleness.
The former property provided a solution to many wear related problems but the brittleness
led engineers to shy away from high impact areas. However, as the knowledge of wear
mechanisms has improved as well as the study of the specific designs needed to counter
wear and also innovative manufacturing technology, modern systems can now be designed
that offer both wear and impact resistance.

In the field of armour ceramics, the very brittleness has been used in the high impact zone of
projectile penetration resistance to provide protective solutions for varied applications and
the hardness and lightness of the ceramics to offer a variety of mobility-effective body and
vehicle armour.

All of these solutions need innovative bonding and absorption mechanisms, and thus
improved resin and polymer bonding systems in wear resistant engineering and resin
bonding and aramid fibre technology in armour protection systems have all had a major part
to play in the development of these application technologies.

None of the developments would have been possible without the input of the engineers
behind the concepts, but there is no doubt that they are able to achieve amazing results
using the principles discussed in this paper.

CAST BASALT

The raw material for the manufacture of fused cast basalt is dense, select basalt, which is
crushed to grain sizes of 20-50mm and melted at a temperature of 1250°C. Working in a
continuous operation process, the liquid basalt flows from a furnace into a receiver equipped
with various fittings for refining purposes. From here the fused basalt flows into sand molds,
cast iron molds or centrifugal molds.

The castings are moved into a tempering and cooling furnace immediately after casting. The
resulting castings are, because of their structure and hardness, suited for highly abrasion-
resistant linings.

They exhibit varying external characteristics and mineralogical compositions.

AVERAGE ANALYTIC COMPOSITION OF BASALT FOR PRODUCTION OF FUSE CAST
BASALT

Approx. 45-48 SiO, Silica

Approx. 14-16% AL,0;3 Alumina

Approx. 12-14% Fe,0; and Fe0 Iron oxides

Approx. 10-12% Ca0 Calcium oxide

Approx. 8% Mg0 Magnesium oxide

Approx. 6% K,0 and Na,0 Potassium oxide and Sodium oxide
Approx. 2% Ti0, Titanium dioxide

Traces of Mn and S Manganese and Sulphur

About 45% of the iron is in a magnetite compound, Fe30,4, about 55% in silicates (primarily augite)
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PROPERTIES OF BASALT vs ALUMINA

Extract from DIN 28062 (editionof Se pt fA76 converted to SI system)

PROPERTY BASALT ALUMINA

Sp. Gravity 291 3.0 3,6

Comp. Strength 535 MPa 2400MPa

Water Absorption 0% by mass in accordance with 0% by mass in accordance
DIN 52103 with DIN 52103

Bending Strength 45MPa 280MPa

Tensile Strength 35MPa 165MPa

Hardness 8,5 Mohds scale 9 Mohds scale

Wear Abrasion 2,15 cm’/h per standard grit 0,22 cm’/h per standard grit
blasting test blasting test

FRICTION

Unlike other materials, which roughen up as more material is passed over them, basalt
polishes up. In many cases bunker linings have become sufficiently polished after a few
weeks operation has removed the traces of sand left from moulding.

TEMPERATURE

Basalt will successfully withstand temperatures up to 450° C. At this temperature slight
crazing may appear, but this does not affect the mechanical wearing properties.

LIFE

Life of Basalt linings is estimated at approximately six to seven times that of cast iron, but
much depends on the degree of impact occurring. In an application where a pure sliding
action, with no impact, is encountered, basalt should last the life of most plants. Alumina
ceramics on the other hand has a life expectancy which exceeds that of Basalt by a factor of
10. The cost ratio of Alumina to Basalt is approximately 2,5 to 1.

Basalt is widely used in straight Coal washing plant process pipes with varying degrees of
success. Basalt is not suitable for the Il ining
in the photograph attached. Standard designs are also not suitable for severe wear
applications where an abundance of foreign objects are present as shown below.
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DAMAGE CAUSED BY OBJECTS SHOWN ABOVE

Special ceramic designs are available for significant reduction of wear caused by foreign
objects. A typical example is shown of a standard segmented long radius bend with an
extended back lined with thick impact resistant ceramics.
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The A MEIRRAITORO -BATION NON-RETURN AIR VALVE

A novel patented ceramic-composite valve design succeeded in solving a 30-year-old
problem encountered in the operation of media sumps. Many valve designs have been tried
but none have so far worked acceptably, overcoming both the severe erosion encountered
in this application as well as standing up to the extreme mechanical loads placed on the
valve during start-up. A unique design approach coupled with high density alumina wear
parts overcomes the lack of functionality of earlier designs and increases the life of the valve
dramatically.

Mechanically Agitated Sumps

Capital acquisition costs are high due to the large drives that are required. Rotor shafts are
long with associated problems. After power failures, the Magnetite settles and restarting
torques can be extreme, often resulting in some form of mechanical failure. Paddles wear
and require maintenance or replacement.

Compressed Air Agitated Sumps

Compressed air is introduced centrally through the bottom of the sump to keep the material
in suspension. During power failures, the air supply is interrupted and material flows into the
compressed air lines if unimpeded, leading to blockages. Depending on the severity of the
blockage, the entire sump may have to be mechanically emptied and cleaned, resulting in
substantial losses in production capacity and efficiency.

The Mul t ot-AERATMUR GFAciou Mdn-Return Air Valve
The unit is essentially a dual action non-return valve with internal components
designed for operation under harsh conditions.

VALVE IN CLOSED POSITION VALVE IN_OPEN POSITION
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Operation and design

The dual closure valve promotes improved air agitation and flow.
The top ceramic valve is designed to:
a) Seal completely and to keep slurry out of the main valve body and the
compressed air feed pipe after loss of air pressure.
b) Close if the air supply pressure drops below a given value.
c) Deliver the same volume of air at a given pressure into the vessel compared with
a single air pipe feed.
d) Open under the pressure of settled pulp, which can have a head of several
meters.
The mass of the ceramic valve, stem and impact disc is therefore critical due to the
requirements stated above.
The bottom valve diameter is critical to achieve opening of the top valve when the air
pressure exceeds the minimum value stated above
The bottom valve is not attached to the valve stem and can move freely for a distance of
approximately 5mm. This free movement has three functions:
a) The lower valve will impact against the bottom of the impact disc to assist in the
opening of the top valve
b) The bottom valve will always close, even if the top valve remains open due to an
object becoming stuck in the top valve seat
c) Accumulation of material on the tank sides is minimized as a result of the free
movement of the valve stem. Varying resistance caused by material
displacement causes the valve head to rotate and air is deflected through the
side angles of the ceramic head towards the tank sides.

Field Trial Results

Valve was installed in a 450-ton Gold plant Pachuka tank on November 2" 2000 and has
since been operating without failure or signs of wear. A number of power failures and
compressed air disruptions have occurred during the test period, the longest of which lasted
for over 8 hours. The test valve opened immediately after each service disruption when the
compressed air supply was re-established, while the remaining tanks had to be emptied and
cleaned manually with the aid of high pressure water jets in order to commence normal
operation.

A number of valves were also installed in Magnetite sumps at a Coal plant with great
success in preventing settlement in the sumps during plant shut down periods.

Advantages of the Multotec Dual-Action Non-Return Valve

The taper on the top valve seat and matching valve body create a rotating cone of air, which
agitates the entire contents of the tank and keeps the material in suspension. The ceramic
valve breaks the air into numerous smaller bubbles, which result in much improved aeration
and agitation. Refer to drawing below for schematic representation of air flow.






TRADITIONAL APPROACH
A Conveyor pulleys are traditionally lagged with rubber to preventwear and
belt slip.

A Rubber pulley lagging progressed from smooth to diamond shapedyith
grooves for increased traction and water dispersion.

FIRST IMPROVEMENTS
A Rubber backed ceramic pulley lagging solved the wear and tractio
problems.

A The benefits were:
- speed of installation, by placing sheets of lagging onto primesurfaces
with an adhesive
- can be installed with the pulley insitu

RESULTS

A This system proved to be successful in most applications withmited
starting loads and low belt tensions.

A Limiting factors are:
I Rubber shear strength.
T Adhesion of steel and ceramics to rubber.

Adhesion failure \¢d Adhesion failure

MULTOTEC

Wear Linings




THE MODERN APPROACH
*  Because of these limitations MULTOTEC developed a system to apply
the ceramic tiles directly onto the steel of the pulley.

*  Many tests were conducted focusing on:
—  Shear strength
— Adhesion of ceramics to steel
—  Flexibility

Shear strength & Adhesion

. 11 epoxies were
tested.

+  HI-BOND HERRLRRRRRER] 2 Average
outperformed the
other samples by a
minimum margin of
20%.

HI-BOND {A} BENDING STRENGTH

80011 Flexibility
500 1|

‘ *  Hi-bond was
4007 compared with 5

| alternatives.
%001 ” il Bend strength |
200 /1 A B *  Highbond was

[ selected for superior
100 { B bending strength
and flexibility.

4
MULTOTEC

Wear Linings




17



